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(A) Bone marrow smears and (B) peripheral blood smears revealing 
extensive erythrocytes of coarse basophilic stippling (1000x, Wright-
Giemsa stain). Bone marrow smears showed 4+ iron stores (C) and ring 
sideroblasts (D) (1000x, iron stain).
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independent, non-profit peer-reviewed international English-language 
periodical encompassing subjects relevant to hematology. 
The Editorial Board of The Turkish Journal of Hematology adheres to 
the principles of the World Association of Medical Editors (WAME), 
International Council of Medical Journal Editors (ICMJE), Committee on 
Publication Ethics (COPE), Consolidated Standards of Reporting Trials 
(CONSORT) and Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE).   
The aim of The Turkish Journal of Hematology is to publish original 
hematological research of the highest scientific quality and clinical 
relevance. Additionally, educational material, reviews on basic 
developments, editorial short notes, images in hematology, and letters 
from hematology specialists and clinicians covering their experience and 
comments on hematology and related medical fields as well as social 
subjects are published. As of December 2015, The Turkish Journal of 
Hematology does not accept case reports. Important new findings or data 
about interesting hematological cases may be submitted as a brief report.
General practitioners interested in hematology and internal medicine 
specialists are among our target audience, and The Turkish Journal of 
Hematology aims to publish according to their needs. The Turkish Journal 
of Hematology is indexed, as follows:
-  PubMed Medline
-  PubMed Central
-  Science Citation Index Expanded
-  EMBASE
-  Scopus
-  CINAHL
-  Gale/Cengage Learning
-  EBSCO
-  DOAJ
-  ProQuest
-  Index Copernicus
-  Tübitak/Ulakbim Turkish Medical Database
-  Turk Medline

Impact Factor: 0.650
Open Access Policy
Turkish Journal of Hematology is an Open Access journal. This journal 
provides immediate open access to its content on the principle that 
making research freely available to the public supports a greater global 
exchange of knowledge.

Open Access Policy is based on the rules of the Budapest Open Access 
Initiative (BOAI) http://www.budapestopenaccessinitiative.org/.

Subscription Information 
The Turkish Journal of Hematology is sent free-of-charge to members 
of Turkish Society of Hematology and libraries in Turkey and abroad. 
Hematologists, other medical specialists that are interested in hematology, 
and academicians could subscribe for only 40 $ per printed issue. All 
published volumes are available in full text free-of-charge online at www.
tjh.com.tr. 

Address: İlkbahar Mah., Turan Güneş Bulvarı, 613 Sok., No: 8, Çankaya, 
Ankara, Turkey
Telephone: +90 312 490 98 97 
Fax: +90 312 490 98 68
Online Manuscript Submission: http://mc.manuscriptcentral.com/tjh 
Web page: www.tjh.com.tr 
E-mail: info@tjh.com.tr  
Permissions 
Requests for permission to reproduce published material should be sent to 
the editorial office.
Editor: Professor Dr. Reyhan Küçükkaya
Adress: Turan Güneş Bulv. İlkbahar Mah. Fahrettin Paşa Sokağı (Eski 613. Sokak) 
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TURKISH JOURNAL OF HEMATOLOGY 
INSTRUCTIONS FOR AUTHORS
The Turkish Journal of Hematology accepts invited review articles, research 
articles, brief reports, letters to the editor, and hematological images that 
are relevant to the scope of hematology, on the condition that they have 
not been previously published elsewhere. Basic science manuscripts, 
such as randomized, cohort, cross-sectional, and case-control studies, 
are given preference. All manuscripts are subject to editorial revision 
to ensure they conform to the style adopted by the journal. There is a 
double-blind reviewing system. Review articles are solicited by the Editor-
in-Chief. Authors wishing to submit an unsolicited review article should 
contact the Editor-in-Chief prior to submission in order to screen the 
proposed topic for relevance and priority.

The Turkish Journal of Hematology does not charge any article submission 
or processing charges.

Manuscripts should be prepared according to ICMJE guidelines (http://
www.icmje.org/). Original manuscripts require a structured abstract. Label 
each section of the structured abstract with the appropriate subheading 
(Objective, Materials and Methods, Results, and Conclusion). Letters to 
the editor do not require an abstract. Research or project support should 
be acknowledged as a footnote on the title page. Technical and other 
assistance should be provided on the title page.

Original Manuscripts 

Title Page 

Title: The title should provide important information regarding the 
manuscript’s content. The title must specify that the study is a cohort 
study, cross-sectional study, case-control study, or randomized study (i.e. 
Cao GY, Li KX, Jin PF, Yue XY, Yang C, Hu X. Comparative bioavailability 
of ferrous succinate tablet formulations without correction for baseline 
circadian changes in iron concentration in healthy Chinese male 
subjects: A single-dose, randomized, 2-period crossover study. Clin Ther 
2011;33:2054-2059).

The title page should include the authors’ names, degrees, and institutional/
professional affiliations and a short title, abbreviations, keywords, financial 
disclosure statement, and conflict of interest statement. If a manuscript 
includes authors from more than one institution, each author’s name 
should be followed by a superscript number that corresponds to their 
institution, which is listed separately. Please provide contact information 
for the corresponding author, including name, e-mail address, and 
telephone and fax numbers.

Running Head: The running head should not be more than 40 characters, 
including spaces, and should be located at the bottom of the title page.

Word Count: A word count for the manuscript, excluding abstract, 
acknowledgments, figure and table legends, and references, should be 
provided and should not exceed 2500 words. The word count for the 
abstract should not exceed 300 words.

Conflict of Interest Statement: To prevent potential conflicts of 
interest from being overlooked, this statement must be included in each 
manuscript. In case there are conflicts of interest, every author should 
complete the ICMJE general declaration form, which can be obtained at 
http://www.icmje.org/downloads/coi_disclosure.zip

Abstract and Keywords: The second page should include an abstract 
that does not exceed 300 words. For manuscripts sent by authors in 
Turkey, a title and abstract in Turkish are also required. As most readers 
read the abstract first, it is critically important. Moreover, as various 
electronic databases integrate only abstracts into their index, important 
findings should be presented in the abstract.  

Objective: The abstract should state the objective (the purpose of the 
study and hypothesis) and summarize the rationale for the study. 

Materials and Methods: Important methods should be written 
respectively.

Results: Important findings and results should be provided here. 

Conclusion: The study’s new and important findings should be 
highlighted and interpreted.

Other types of manuscripts, such as reviews, brief reports, and 
editorials, will be published according to uniform requirements. 
Provide 3-10 keywords below the abstract to assist indexers. Use 
terms from the Index Medicus Medical Subject Headings List  
(for randomized studies a CONSORT abstract should be provided: http://
www.consort-statement.org).

Introduction: The introduction should include an overview of the 
relevant literature presented in summary form (one page), and whatever 
remains interesting, unique, problematic, relevant, or unknown about 
the topic must be specified. The introduction should conclude with the 
rationale for the study, its design, and its objective(s).

Materials and Methods: Clearly describe the selection of observational 
or experimental participants, such as patients, laboratory animals, and 
controls, including inclusion and exclusion criteria and a description of the 
source population. Identify the methods and procedures in sufficient detail 
to allow other researchers to reproduce your results. Provide references to 
established methods (including statistical methods), provide references 
to brief modified methods, and provide the rationale for using them and 
an evaluation of their limitations. Identify all drugs and chemicals used, 
including generic names, doses, and routes of administration. The section 
should include only information that was available at the time the plan 
or protocol for the study was devised (https://www.strobe-statement.org/
fileadmin/Strobe/uploads/checklists/STROBE_checklist_v4_combined.pdf).

Statistics: Describe the statistical methods used in enough detail to 
enable a knowledgeable reader with access to the original data to verify 
the reported results. Statistically important data should be given in the 
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text, tables, and figures. Provide details about randomization, describe 
treatment complications, provide the number of observations, and specify 
all computer programs used. 

Results: Present your results in logical sequence in the text, tables, and 
figures. Do not present all the data provided in the tables and/or figures 
in the text; emphasize and/or summarize only important findings, results, 
and observations in the text. For clinical studies provide the number of 
samples, cases, and controls included in the study. Discrepancies between 
the planned number and obtained number of participants should be 
explained. Comparisons and statistically important values (i.e. p-value 
and confidence interval) should be provided. 

Discussion: This section should include a discussion of the data. New and 
important findings/results and the conclusions they lead to should be 
emphasized. Link the conclusions with the goals of the study, but avoid 
unqualified statements and conclusions not completely supported by 
the data. Do not repeat the findings/results in detail; important findings/
results should be compared with those of similar studies in the literature, 
along with a summarization. In other words, similarities or differences in 
the obtained findings/results with those previously reported should be 
discussed. 

Study Limitations: Limitations of the study should be detailed. In 
addition, an evaluation of the implications of the obtained findings/
results for future research should be outlined.  

Conclusion: The conclusion of the study should be highlighted.

References
Cite references in the text, tables, and figures with numbers in square 
brackets. Number references consecutively according to the order in 
which they first appear in the text. Journal titles should be abbreviated 
according to the style used in Index Medicus (consult List of Journals 
Indexed in Index Medicus). Include among the references any paper 
accepted, but not yet published, designating the journal followed by “in 
press”. 

Examples of References: 
1. List all authors

Deeg HJ, O’Donnel M, Tolar J. Optimization of conditioning for marrow 
transplantation from unrelated donors for patients with aplastic anemia 
after failure of immunosuppressive therapy. Blood 2006;108:1485-1491. 

2. Organization as author

Royal Marsden Hospital Bone Marrow Transplantation Team. Failure of 
syngeneic bone marrow graft without preconditioning in post-hepatitis 
marrow aplasia. Lancet 1977;2:742-744. 

3. Book

Wintrobe MM. Clinical Hematology, 5th ed. Philadelphia, Lea & Febiger, 
1961. 

4. Book Chapter

Perutz MF. Molecular anatomy and physiology of hemoglobin. In: 
Steinberg MH, Forget BG, Higs DR, Nagel RI, (eds). Disorders of Hemoglobin: 

Genetics, Pathophysiology, Clinical Management. New York, Cambridge 
University Press, 2000. 

5. Abstract

Drachman JG, Griffin JH, Kaushansky K. The c-Mpl ligand (thrombopoietin) 
stimulates tyrosine phosphorylation. Blood 1994;84:390a (abstract). 

6. Letter to the Editor

Rao PN, Hayworth HR, Carroll AJ, Bowden DW, Pettenati MJ. Further 
definition of 20q deletion in myeloid leukemia using fluorescence in situ 
hybridization. Blood 1994;84:2821-2823. 

7. Supplement

Alter BP. Fanconi’s anemia, transplantation, and cancer. Pediatr Transplant 
2005;9(Suppl 7):81-86.

Brief Reports
Abstract length: Not to exceed 150 words. 

Article length: Not to exceed 1200 words.

Introduction: State the purpose and summarize the rationale for the study.

Materials and Methods: Clearly describe the selection of the observational 
or experimental participants. Identify the methods and procedures in 
sufficient detail. Provide references to established methods (including 
statistical methods), provide references to brief modified methods, and 
provide the rationale for their use and an evaluation of their limitations. 
Identify all drugs and chemicals used, including generic names, doses, and 
routes of administration. 

Statistics: Describe the statistical methods used in enough detail to 
enable a knowledgeable reader with access to the original data to verify 
the reported findings/results. Provide details about randomization, 
describe treatment complications, provide the number of observations, 
and specify all computer programs used.

Results: Present the findings/results in a logical sequence in the text, 
tables, and figures. Do not repeat all the findings/results in the tables and 
figures in the text; emphasize and/or summarize only those that are most 
important. 

Discussion: Highlight the new and important findings/results of the 
study and the conclusions they lead to. Link the conclusions with the 
goals of the study, but avoid unqualified statements and conclusions not 
completely supported by your data.

Invited Review Articles
Abstract length: Not to exceed 300 words. 

Article length: Not to exceed 4000 words.

Review articles should not include more than 100 references. Reviews 
should include a conclusion, in which a new hypothesis or study about the 
subject may be posited. Do not publish methods for literature search or level 
of evidence. Authors who will prepare review articles should already have 
published research articles on the relevant subject. The study’s new and 
important findings should be highlighted and interpreted in the Conclusion 
section. There should be a maximum of two authors for review articles.
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Perspectives in Hematology

“Perspectives” are articles discussing significant topics relevant to 
hematology. They are more personal than a Review Article. Authors 
wishing to submit a Perspective in Hematology article should contact the 
Editor in Chief prior to submission in order to screen the proposed topic for 
relevance and priority. Articles submitted for “Perspectives in Hematology” 
must advance the hot subjects of experimental and/or clinical hematology 
beyond the articles previously published or in press in TJH. Perspective 
papers should meet the restrictive criteria of TJH regarding unique 
scientific and/or educational value, which will impact and enhance clinical 
hematology practice or the diagnostic understanding of blood diseases. 
Priority will be assigned to such manuscripts based upon the prominence, 
significance, and timeliness of the content. The submitting author must 
already be an expert with a recognized significant published scientific 
experience in the specific field related to the “Perspectives” article. 

Abstract length: Not to exceed 150 words.

Article length: Not to exceed 1000 words.

References: Should not include more than 50 references

Images in Hematology

Article length: Not to exceed 200 words.  

Authors can submit for consideration illustrations or photos that are 
interesting, instructive, and visually attractive, along with a few lines of 
explanatory text and references. Images in Hematology can include no 
more than 200 words of text, 5 references, and 3 figures or tables. No 
abstract, discussion, or conclusion is required, but please include a brief 
title.

Letters to the Editor

Article length: Not to exceed 500 words. 

Letters can include no more than 500 words of text, 5-10 references, and 
1 figure or table. No abstract is required, but please include a brief title. 
The total number is usually limited to a maximum of five authors for a 
letter to the editor.

Tables 

Supply each table in a separate file. Number tables according to the order 
in which they appear in the text, and supply a brief caption for each. 
Give each column a short or abbreviated heading. Write explanatory 
statistical measures of variation, such as standard deviation or standard 
error of mean. Be sure that each table is cited in the text.

Figures 

Figures should be professionally drawn and/or photographed. Authors 
should number figures according to the order in which they appear in the 
text. Figures include graphs, charts, photographs, and illustrations. Each 
figure should be accompanied by a legend that does not exceed 50 words. 
Use abbreviations only if they have been introduced in the text. Authors 
are also required to provide the level of magnification for histological 

slides. Explain the internal scale and identify the staining method used.  
Figures should be submitted as separate files, not in the text file. High-
resolution image files are not preferred for initial submission as the file 
sizes may be too large. The total file size of the PDF for peer review should 
not exceed 5 MB.

Authorship

Each author should have participated sufficiently in the work to assume 
public responsibility for the content. Any portion of a manuscript that 
is critical to its main conclusions must be the responsibility of at least 
one author. 

Contributor’s Statement 

All submissions should contain a contributor’s statement page. Each 
statement should contain substantial contributions to idea and design, 
acquisition of data, and analysis and interpretation of findings. All 
persons designated as an author should qualify for authorship, and all 
those that qualify should be listed. Each author should have participated 
sufficiently in the work to take responsibility for appropriate portions of 
the text. 
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Non-compliance with scientific accuracy is not in accord with scientific 
ethics. Plagiarism: To re-publish, in whole or in part, the contents of 
another author’s publication as one’s own without providing a reference. 
Fabrication: To publish data and findings/results that do not exist. 
Duplication: Use of data from another publication, which includes re-
publishing a manuscript in different languages. Salami slicing: To create 
more than one publication by dividing the results of a study unnecessarily.

We disapprove of such unethical practices as plagiarism, fabrication, 
duplication, and salami slicing, as well as efforts to influence the 
review process with such practices as gifting authorship, inappropriate 
acknowledgments, and references. Additionally, authors must respect 
participants‘ right to privacy. 

On the other hand, short abstracts published in congress books that do 
not exceed 400 words and present data of preliminary research, and those 
that are presented in an electronic environment, are not considered as 
previously published work.  Authors in such a situation must declare this 
status on the first page of the manuscript and in the cover letter.

(The COPE flowchart is available at http://publicationethics.org.)

We use iThenticate to screen all submissions for plagiarism before 
publication.

Conditions of Publication 
All authors are required to affirm the following statements before their 
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Seven years ago a chronic lymphocytic leukemia patient was for 
the first time successfully treated with chimeric antigen receptor 
(CAR)-modified T cells (CAR-T cells) to target CD19 overexpression 
in tumor cells. This was the beginning of the development of a 
new type of immunotherapy treatment in cancer patients. Since 
then, identification of novel antigens expressed in tumor cells and 
optimization of both CAR constructs and protocols of administration 
have opened up new avenues for the successful treatment of other 
hematological malignancies. However, research still continues to avoid 
some problems such as toxicities associated with the treatment and to 
find strategies to avoid tumor cell immune evasion mechanisms. On 
the other hand, for solid tumors, CAR-T therapy results are still in an 
early phase. In contrast to hematological malignancies, the complex 
tumor heterogeneity of solid tumors has led to the research of novel 
and challenging strategies to improve CAR-T cell activity. Here, we 
will review the main clinical results obtained with CAR-T cells in 
hematological malignancies, specifically focusing on CAR-T-19 and 
CAR-T against B-cell maturation antigen (CAR-T-BCMA). Moreover, 
we will mention the main problems that decrease CAR-T cell activity 
in solid tumors and the strategies to overcome them. Finally, we will 
present some of the first clinical results obtained for solid tumors.    

Keywords: CAR-T cell immunotherapy, CD19, BCMA, GD2, HER2, 
EGFRvIII

Yedi sene önce kronik lenfositik lösemili bir hasta ilk kez başarılı 
olarak tümör hücrelerinde aşırı sunulan CD19’u hedefleyen 
kimerik antijen reseptör (CAR)-ile değiştirilmiş T hücreleri (CAR-T 
hücreleri) ile tedavi edilmiştir. Bu kanser hastalarında yeni bir tip 
immünoterapinin gelişiminin başlangıcını oluşturmaktaydı. Bunu 
takiben, tümör hücrelerinde sunulan yeni antijenlerin tanımlanması 
ve CAR yapılarını ve uygulama protokolleri diğer hematolojik habis 
tümörlerin başarılı tedavisi için yeni yollar açmıştır. Ancak, tedavi ile 
ilişkili toksisite gibi bazı problemlerin önlenmesi ve tümör hücresinin 
immün kaçış mekanizmalarıyla baş edilmesi ile ilgili çalışmalar halen 
devam etmektedir. Ayrıca, solid tümörler için, CAR-T tedavi sonuçları 
halen erken dönemdedir. Hematolojik habis tümörlerin aksine, solid 
tümörlerin karmaşık tümör heterojenitesi CAR-T hücre aktivitesi 
arttırmaya yönelik yeni ve zorlayıcı stratejilerinin araştırılmasına yol 
açmıştır. Burada, CAR-T hücrelerinin hematolojik habis tümörlerdeki, 
özellikle de CAR-T-19 ve B-hücre matürasyon antijenine karşı CAR-T’nin 
(CAR-T-BCMA) başlıca klinik sonuçlarını gözden geçireceğiz. Ayrıca, 
solid tümörlerde CAR-T hücre aktivitesini azaltan problemlerden ve 
bunların üstesinden gelmeye yarayan stratejilerden bahsedeceğiz. Son 
olarak, solid tümörlerdeki ilk klinik çalışmaların bazılarını sunacağız. 

Anahtar Sözcükler: CAR-T hücre immünoterapisi, CD19, BCMA, GD2, 
HER2, EGFRvIII
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Introduction: Chimeric Antigen Receptor-T Cell Therapy 

The last decade has witnessed a huge increase in new 
immunotherapy modalities to treat cancer patients, such as the 
infusion of chimeric antigen receptor (CAR) modified-T cells 
(CAR-T cells), which represents the most important advance made 
to treat hematological malignancies in patients with relapsed/
refractory (r/r) disease. CARs are composed of different synthetic 

domains combined into a single functional receptor that provides 
antigen-binding to an antigen present on the tumor cell and 
T-cell activation after antigen recognition [1]. Once a specific 
CAR has been designed, CAR-T cell therapy consists on the ex vivo 
modification of autologous T cells from the patient to express this 
CAR on their membranes. Afterwards, CAR-T cells are expanded 
in vitro for 8-10 days and reinfused into the patient, where they 
will recognize and kill the tumor cells. 
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A CAR is composed of three domains: 1) The extracellular 
region codes for the single-chain variable fragment (scFv) of 
an antibody against the antigen present in the tumor cell. In 
this region, there is a spacer/hinge domain derived from CD8 
and from immunoglobulin G (IgG) sequences that profoundly 
affects CAR function and scFv flexibility [2]. 2) The CAR 
transmembrane domain, derived from T-cell molecules, such 
as CD3ζ, CD4, CD8a, or CD28, links the extracellular domain 
with 3) the intracellular domain, which activates the T cells 
and is composed of CD3ζ T-cell receptor. This is the structure 
of the first-generation CAR-T cells, which have the benefit of 
not requiring antigen processing/presentation by the human 
leukocyte antigen (HLA), allowing them to bypass HLA-I 
restriction [3,4].

For the first-generation CAR-T cells, it was observed that even 
when the CAR-T cell mechanism was active, T cells did not 
proliferate in vivo, and moreover, a robust cytokine response 
after recognition of a tumor cell was not observed. This 
finding led to the addition of costimulatory domains in the 
CAR construct, giving rise to second- and third-generations 
CAR-T cells. Initially, CD28 was selected as the costimulatory 
domain by Savoldo et al. [5], who compared two autologous 
CAR-T types with the same specificity for CD19, one that 
encoded CD3ζ and CD28, while the other encoded only 
CD3ζ. The CAR-T cells containing CD28 showed enhanced 
expansion and persistence, confirming the requirement of 
costimulatory domains in the CAR construct. At the same 
time, Porter et al. [6] observed that the inclusion of 4-1BB 
as a costimulatory domain increased the antitumor activity 
and the in vivo persistence of CAR-T cells compared to CAR-T 
cells with the CD3-ζ domain alone. Therefore, costimulatory 
domains such as CD28, 4-1BB, and OX40 [7,8,9] were 
included in second-generation CAR-T cells, providing higher 
in vivo CAR-T cell proliferation than first-generation CAR-T 
cells. It was observed that whereas CD28 is better to activate 
T cells, 4-1BB increases CAR-T cell persistence [10]. Therefore, 
the majority of recent clinical studies on hematological 
malignancies are infusing CAR-T cells with 4-1BB. Moreover, 
third- and fourth-generations of CAR constructs have also 
been added to the CAR-T arsenal. Third-generation CAR-T 
cells encode more than one costimulatory domain to enhance 
T-cell activation and proliferation. Fourth-generation CAR-T 
cells, also known as TRUCKs or “armored CARs”, incorporate 
a constitutive or inducible expression domain for a protein 
that needs to be induced or constitutively secreted. Therefore, 
these CARs can deliver a product to the targeted tumor tissue 
(i.e. a cytokine), but they also could incorporate a peptide to 
recognize and bind to its ligand (i.e. CD40L) in the target cell, 
and to interact with other immune cells such as dendritic 
cells (i.e. 4-1BBL) (Figure 1) [11,12]. 

Cytokine Release Syndrome Associated with CAR-T Cells

The most common toxicity associated with CAR-T cell therapy 
is a massive inflammatory response called cytokine release 
syndrome (CRS), which results from high cytokine levels 
released after T-cell engagement and proliferation. In most 
patients, CRS occurs 1-14  days after CAR-T cell infusion. 
Most patients develop low-grade CRS with fevers and 
myalgias. However, some patients experience severe CRS with 
hypotension, pulmonary edema, coagulopathy, vascular leak, 
and neurotoxicity in some cases, which can result in multiorgan 
system failure [13]. Interleukin (IL)-6 is a central mediator of 
CRS and CRS is well managed with tocilizumab, an anti-IL-6 
receptor. However, corticosteroids have also been successfully 
used without compromising CAR-T cell proliferation or efficacy 
[14,15]. Managing CRS requires performing appropriate 
grading to define its onset and grading and resolution criteria. 
Currently, there are three CRS grading scales. The first scale 
used to define CRS is the one graded by the National Cancer 
Institute, called the Common Terminology Criteria for Adverse 
Events; however, this system was not specific for cellular 
therapeutic approaches. Afterwards, Lee et al. [16] proposed 
a specific scale for cellular therapeutic modalities, which was 
slightly modified by the MD Anderson Cancer Center proposing 
a new grading system [17]. Currently, the most widely used 
scale is the one proposed by the University of Pennsylvania 
(UPenn), based on the clinical results of their murine CAR-T-19 
(tisagenlecleucel) after treatment of 125 patients with B-cell 
acute lymphoblastic leukemia (B-ALL) and 42 patients with 
chronic lymphocytic lymphoma (CLL). This scale is based on 
easily accessible clinical features and not laboratory values, 
which makes it possible for it to be applied more widely by 
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Figure 1. Structure of different chimeric antigen receptor 
(CAR) generations. First-generation CARs contain the single-
chain variable fragment bound to the spacer/hinge domain, 
a transmembrane domain region with CD8 being the most 
commonly used, and the T-cell receptor CD3z domain. Second-
generation CARs add one costimulatory domain to the construct, 
and third-generation CARs contain more than one costimulatory 
domain. Fourth-generation CARs contain an inducible or 
constitutive domain for another protein such as cytokines or 
specific ligand receptors. 

scFv: Single-chain variable fragment.
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many hospitals. It applies to both early-onset and delayed-
onset CRS, and it distinguishes between mild, moderate, 
severe, and life-threatening CRS [18]. This scale was used in 
two multicenter phase II trials infusing tisagenlecleucel in r/r 
ALL patients performed in 11 different countries and nine sites 
in the United States. At all of these centers, using this scale, 
81% of the patients experienced some grade of CRS and 45% 
suffered grade 3 or 4 CRS [18,19]. In addition, this scale has 
also been adopted for other CAR constructs against B-cell 
maturation antigen (BCMA) for multiple myeloma (MM) [20] 
and against mesothelin in epithelial ovarian cancer [21]. Table 
1 summarizes the grading and CRS management adopted by 
our institution.

From the Initial Stages Infusing CAR-T-19 to a High CAR-T Cell 
Variety to Treat Different Malignancies

More than 20 years have passed from the first studies with 
first-generation CAR-T cells [22,23] to the design of second-
generation CAR-T cells and finally the first successful 
clinical study in 2011 to treat a CLL patient with CAR-T-19 
cells achieving complete remission (CR) [6]. Since then, an 
increasing number of clinical studies started to be performed, 
and today almost 200 clinical trials infusing CAR-T cells are 
being performed around the world. The greatest results have 
been obtained with CAR-T-19 in B-cell malignancies. Here, 
we will review some of the most relevant results obtained 
with CAR-T-19 and CAR-T-BCMA to treat MM. Moreover, we 
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Table 1. Grading of cytokine release syndrome and management of complications performed at our institution (Hospital Clinic of 
Barcelona) based on the grading scales of Lee et al. [16] and UPenn Porter et al. [18] and management recommendations.
Grade Symptoms Treatment

Grade 1 Not life-threatening symptoms: fever, 
nausea, fatigue, headache, myalgia, malaise

Conventional treatment to decrease temperature (paracetamol, ibuprofen, 
naproxen)
Maintenance by intravenous fluids for hydration
Antibiotics in case of infection
Avoid immunosuppressors and steroids

Grade 2

Symptoms require moderate intervention: 
oxygen requirement <40% or hypotension 
responsive to fluids or low dose of a 
vasopressor or Grade 2 organ toxicity

For nonadvanced age and/or without comorbidity:
Assess management in intermediate care
Manage fever and constitutional symptoms as in Grade 1
Fluid bolus to maintain systolic blood pressure at >90 mmHg
Supplementary O2 to maintain O2sp at >90%
Obtain echocardiogram and initiate methods of hemodynamic monitoring
For patients with high risk, consider tocilizumab
For advanced age and/or cardiorespiratory comorbidity:
Assess management in intermediate care
Manage fever and constitutional symptoms as in Grade I
Fluid bolus and low noradrenalin doses
Supplementary O2 to maintain O2sp at >90%
Assess tocilizumab administration

Grade 3

Symptoms require severe intervention: 
oxygen requirement >40% or hypotension 
requiring high-dose or multiple vasopressors 
or Grade 3 organ toxicity

Management in an intensive care unit
Management as in Grade 2
Supplementary O2 to maintain O2sp at >90%
Intravenous fluid bolus as needed
High doses of vasopressors or multiple vasopressors 
Tocilizumab ± steroids

Grade 4 Life-threatening symptoms: requirement for 
ventilator support or Grade 4 organ toxicity

Management in an intensive care unit
Management as in Grade 3
Mechanical ventilation
Tocilizumab ± steroids

Neurotoxicity
Headache, altered level of consciousness, 
confusion, delirium, aphasia, dysmetria, 
ataxia, hallucinations, tremor, seizures

Neurological assessment every day
Cranial computed tomography and magnetic resonance, lumbar puncture
Dexamethasone administration
In cases of seizures, levetiracetam administration
Orotracheal intubation
Mechanic ventilation

CRS: Cytokine release syndrome.
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will mention other CAR constructs employed to treat B-cell 
malignancies not responding to CAR-T-19.

CAR-T-19 for the Treatment of B-Cell Malignancies

Three different institutions, the National Cancer Institute 
(NCI), UPenn, and the Memorial Sloan-Kettering Cancer 
Center (MSKCC), have been the pioneering centers performing 
clinical studies infusing second-generation CAR-T-19 cells to 
treat ALL, CLL, and lymphoma patients. Whereas the NCI and 
MSKCC have employed CAR-T-19 with CD28 as a costimulatory 
domain, UPenn selected 4-1BB. Their results have contributed 
to defining critical parameters including the best costimulatory 
domain, viral vector, gene transfer method, T-cell stimuli used 
during T-cell production, conditioning chemotherapy, and 
T-cell dose [24]. For instance, direct comparison by the MSKCC 
of CAR-T-19 with and without conditioning chemotherapy 
showed increased T-cell persistence and improved outcome with 
conditioning chemotherapy [25]. Regarding T-cell dose, whereas 
for CAR-T-19 this parameter is not so relevant [24], for other 
CAR constructs, such as BCMA in MM, a minimal CAR-T cell 
dose is required to achieve response [26]. In more detail, we will 
describe some clinical results obtained with CAR-T-19 to treat 
B-cell malignancies. 

The first treated CLL patient received 1.46x105 CAR-T-19 cells/
kg split into three doses. CAR-T cells persisted for 6 months and 
remission was ongoing for 10 months. Because of this low CAR-T 
cell dose, CRS was reported 14 days after the first infusion, 
coinciding with peak levels of CAR-T-19 in peripheral blood 
(PB) [6]. Afterwards, two pediatric r/r ALL patients were treated 
with CAR-T-19. The first patient received 1.2x107 CAR-T-19 
cells/kg for three consecutive days without lymphodepletion. 
Patient 2 received 1.4x106 CAR-T-19 cells/kg in a single dose 
and etoposide-cyclophosphamide was administered the week 
before. In both patients, expansion of CAR-T-19 was detected, 
and CR occurred the first month. However, whereas patient 1 
had ongoing CR for 11 months, patient 2 had a CD19-negative 
relapse 2 months after treatment [14]. This was the first study 
describing CD19-negative relapses, one of the main problems 
after CAR-T-19 immunotherapy, which occurs in 78% of 
relapsed patients [27]. This year updated results on 75 children 
and young adults receiving CAR-T-19 (tisagenlecleucel) to treat 
ALL have shown overall response (OR) of 81% within 3 months, 
including 60% CR. CRS occurred in 77% of patients [27]. These 
results provided the basis for the approval of the first gene 
therapy product in the United States in 2017, tisagenlecleucel, 
commercialized by Novartis to treat B-cell precursor ALL 
patients up to 25 years old [28].

Recently, the MSKCC published results for CAR-T-19 with 
CD28 in 53 adult r/r ALL patients. At 29 months 83% CR was 
obtained, while median disease-free survival (DFS) and overall 
survival (OS) were 6.1 and 12.9 months, respectively. Severe CRS 

occurred in 26% of patients. Patients with low disease burden 
showed higher remission rates with 20.1 and 10.6 months of OS 
and DFS, respectively, and lower CRS than patients with higher 
disease burden [29].

Whereas results in ALL have been remarkable, in CLL and 
lymphoma cases the clinical results have been poorer. 
Comparison of 14 phase I clinical trials between 1991 and 
2014 including 119 patients demonstrated that the OR rate 
was 73%, with 93% of responses in ALL patients, followed by 
CLL with 62% and lymphoma patients with 36%. Moreover, 
lymphodepletion, higher CAR-T cell dose, and no interleukin 
(IL)-2 administration were associated with better responses 
[30]. Interestingly, a more recent study of 24 CLL patients 
showed that CAR-T-19 is highly effective in high-risk CLL 
relapsed patients after ibrutinib treatment, showing OR of 
71% and 83% CRS [31].

The CAR-T-19 from UPenn was used in 28 patients with r/r 
diffuse large B-cell lymphoma (DLBCL) or follicular lymphoma 
with CAR-T cell doses from 1x108 to 5x108. CRS occurred in 18% 
of patients while 90% CR was obtained after 1 month. The CR 
rate at 3 months was 43% and 71% in DLBCL and follicular 
lymphoma patients, respectively. At 28.6 months, sustained 
remissions were maintained in 86% of DLBCL and in 89% of 
follicular lymphoma patients [32]. 

On the other hand, the CAR-T-19 from the NCI with CD28 
was employed in a phase I study of 7 patients with r/r DLBCL. 
Patients received 2x106 CAR-T-19  cells/kg. One patient (14%) 
experienced grade 4 CRS. Grade ≥3 CRS and neurotoxicity were 
observed in 14% and 57% of patients, respectively. OR and CR 
were 71% and 57%, respectively. At 12 months, 43% of patients 
remained in CR [33]. Based on these results, a multicenter phase 
2 study was performed to treat 101 r/r patients with DLBCL, 
primary mediastinal B-cell lymphoma, or transformed follicular 
lymphoma. Patients received 2x106 CAR-T-19 cells/kg. Grade 
3 or higher CRS and neurologic events occurred in 13% and 
28% of the patients, respectively. OR was 82% and CR was 
54%. At 15.4 months, 42% of the patients continued having 
a response, with a 40% rate of CR. OS at 18 months was 52%. 
Of the patients who showed disease progression, 27% of them 
showed CD19-negative disease [34]. Based on these results, the 
Food and Drug Administration approved the first CAR-T-19 cell 
product, called axicabtagene ciloleucel (Yescarta, Kite Pharma), 
to treat DLBCL, primary mediastinal large B-cell lymphoma, and 
high-grade B-cell lymphoma [35]. 

Other CAR Constructs Employed to Treat B-Cell Malignancies 
Not Responding to CAR-T-19

Other CAR constructs, such as CAR-T cells against CD30 
(CAR-T-30), have been used to treat to treat Hodgkin lymphoma 
(HL) and anaplastic large cell lymphoma (ALCL), which do not 
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express CD19. Recently, the induction of CR in 9 r/r patients 
with HL (7 patients) and ALCL (2 patients) even in the absence 
of a conditioning regimen was reported without CAR-related 
toxicities. Patients received from 0.2x108 to 2x108 of CAR-T-30 
cells/m2. Seven of 9 patients received two or more infusions of 
CAR-T-30. Fourteen percent of HL patients entered CR lasting 
more than 2.5 years after the second infusion, 14% remained 
in CR for almost 2 years, and 43% had transient stable disease. 
For ALCL, one patient had CR for 9 months after the fourth 
infusion of CAR-T cells. Interestingly, although CD30 may be 
expressed by normal activated T cells, no patients developed 
impaired virus-specific immunity [36]. Tables 2 and 3 summarize 
additional studies of other targets.

CAR-T-BCMA for MM and Other B-Cell Malignancies

BCMA has appeared as a promising target to treat MM patients 
due to specific BCMA expression in plasma cells and its 
absence in most tissues [37]. Currently, more than 20 clinical 
trials are infusing CAR-T-BCMA for MM treatment. Due to 
the restricted BCMA expression pattern, BCMA was defined 
as the most suitable antigen to treat MM, and the design of 
novel and effective CAR-T-BCMA with CD28 [38] opened the 
path for a clinical trial in MM patients in 2016. This study 
infused CAR-T-BCMA in 12 r/r MM patients. Patients received 
different CAR-T-BCMA cell doses (0.33x106, 1x106, 3x106, and 
9x106 CAR-T-BCMA cells/kg). The 2 lowest doses achieved 
limited responses. At the third dose, a partial loss of BCMA 
expression in MM cells was detected in one patient, and one 
patient (25%) obtained very good partial response (VGPR). At 
the highest dose, one patient (50%) achieved CR for 17 weeks 
before relapse, and the other patient showed VGPR for 28 
weeks. Both patients developed CRS [26]. These results were 
extended to perform a multicenter study to treat 21 patients 
in a dose-escalation study. CD28 was changed by 4-1BB and 
the CAR-T-BCMA was now called bb2121. It was found that 
71% of patients developed CRS. The lowest dose (50x106 

cells) infused in three patients was not active. The other 18 
patients receiving 150x106 (6 patients), 450x106 (9 patients), 
and 800x106 cells (3 patients) showed 94% OR, 89% VGPR, 
and 56% CR. Durable responses were ongoing over 1 year, and 
more importantly, responses continued to improve over time 
from VGPR to CR [39]. 

Additional studies with CAR-T-BCMA have been also successful. 
Cohen et al. [40] treated 21 r/r MM patients with CAR-T-BCMA 
in split-doses (10% on day 0, 30% on day 1, and 60% on day 
2). Patients were assigned to three cohorts: 1-5x108 CAR-T 
cells (cohort 1: 9 patients), cyclophosphamide (CXT) 1.5 g/m2 
+ 1-5x107 CAR-T cells (cohort 2: 5 patients), and CTX 1.5 g/m2 
+ 1-5x108 CAR-T cells (cohort 3: 7 patients). Cohort 1 showed 
the highest CRS at 89% and 1 patient had ongoing CR at 21 
months. Cohorts 2 and 3 showed 75% CRS. Cohort 2, with the 

lowest CAR-T dose, showed the lowest response (40%), which 
progressed at 4 and 2 months. Cohort 3, with a high CAR-T dose, 
at 1 month of follow-up showed 83% of any type of response. 
Interestingly, in 83% of the patients with ≥PR, MM cells 
showed decreased BCMA intensity [40]. More recently, a human  
CAR-T-BCMA was developed at the MSKCC, which hopefully 
will avoid early disappearance of CAR-T cells. Clinical results 
with this human CAR construct were recently published [41]. 
At our institution (Hospital Clinic), we have designed a highly 
effective CAR-T-BCMA. Moreover, we have also humanized the 
scFv, confirming its high efficacy, and in the next few months 
it will be used in a multicenter phase I study to treat r/r MM 
patients. 

Moreover, Friedman et al. [42], who designed the CAR-T-BCMA 
(bb2121) [26], identified BCMA expression in primary lymphoma 
and CLL cells and confirmed the high efficacy of CAR-T-BCMA 
against models of MM, Burkitt lymphoma, and mantle cell 
lymphoma, suggesting that this CAR construct could be also 
efficient for these malignancies.

One of the problems observed in CAR-T immunotherapy for 
MM is the proportion of relapsed patients no longer having 
BCMA expression. Different options to avoid this, such as the 
use of dual CAR constructs targeting two different antigens, 
are being tested. Lee et al. [16] confirmed that 100% of primary 
MM cells expressed BCMA, and 78% of them also expressed 
TACI. Therefore, they successfully tested a third-generation dual  
CAR-T-APRIL (a ligand for BCMA and TACI), which eliminated 
MM cells expressing either BCMA or TACI and demonstrated 
tumor control in the absence of BCMA [43].

The impressive results in r/r MM patients targeting BCMA 
[39] suggest that after CAR-T-19, BCMA will be the next area 
where CAR-T therapy will have a high clinical impact. However, 
some problems still need to be addressed, such as the high  
CAR-T cell dose required to achieve responses, which could cause 
high CRS rates. New clinical protocols will aim to ameliorate 
severe CRS. Interestingly, for other CAR constructs such as 
CAR-T-20, Watanabe et al. [44] observed that the threshold 
of antigen density in the tumor required to induce CAR-T cell 
lytic activity was around 200 molecules per target cell, and for 
cytokine production it was 10-fold higher, suggesting a range 
for antigen density in the tumor cell where cytotoxicity can be 
performed without development of CRS. Second, the loss of 
BCMA expression in MM cells after CAR-T-BCMA treatment is 
a problem. Different strategies, such as dual CAR constructs, are 
being tested. Third, early disappearance of CAR-T cells in patients 
may be solved with the use of human and humanized CARs.

Homemade CARs: A Reality?

As previously mentioned, CAR-T-19 cell products have been 
commercialized by pharmaceutical companies, with prices of 
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Table 2. Clinical trials ongoing at other institutions other than the National Cancer Institute, University of Pennsylvania, and 
Memorial Sloan Kettering Cancer Center targeting CD19, CD20, and CD22 for B-cell malignancies, and other targets in other 
hematological malignancies.

Disease Type of CAR and/or dose: target Clinical trial code / location Phase/n 
patients [ref]

r/r NHL Multiple CAR-T cell infusion: CD19, CD20, CD22, 
CD30 

NCT03196830 / First Affiliated Hospital of 
Soochow University II/10

DLBCL Sequential CAR-T cell infusion: CD19 and CD20 NCT02737085 / Southwest Hospital of Third 
Medical University I-II/40

B-cell malignancies CD20 NCT02710149 / Biotherapy Center of Southwest 
Hospital I-II/45

r/r BCL Sequential CAR-T infusion: CD19 and CD20 NCT03207178 / Shanghai Longyao Biotechnology 
Inc. I-II/20

r/r BCL CD20 NCT03576807 / Shanghai Longyao Biotechnology 
Inc. I/20

r/r hematological 
malignancies Bi-specific CAR-T: CD19 and CD20 or CD22 NCT03398967 / Chinese PLA General Hospital I-II/80

r/r NHL CD20 NCT03277729 / Fred Hutchinson Cancer Research 
Center I-II/30

r/r B-cell leukemia or 
lymphoma Bi-specific CAR-T: CD19/CD20 NCT03097770 / Chinese PLA General Hospital I/20

r/r CD19+ and CD20+ 
BCL, ALL, and CLL Bi-specific CAR-T: CD19/CD20 NCT03271515 / Beijing Doing Biomedical Co. I/20

CD20+ BCL CD20 NCT02965157 / Beijing Biohealthcare 
Biotechnology Co I-II/15

r/r CD19 or CD20+ 
B-cell malignancies Bi-specific CAR-T: CD20/CD19 NCT03019055 / Medical College of Wisconsin I/24

r/r B-cell leukemia or 
lymphoma Bi-specific CAR-T: CD19/CD22 NCT03185494 / Chinese PLA General Hospital I-II/30 

r/r myeloid 
malignancies CD33 NCT02958397 / Southwest Hospital I-II/45

r/r AML CD33 NCT03126864 / MD Anderson Cancer Center I/30

r/r AML Single or double CAR-T cells combining different 
antigens: Muc1, CD33, CD38, CD56, CD123

NCT03222674 / Shenzhen Geno-Immune Medical 
Institute I-II/10 

r/r AML 
Single or double CAR-T cells combining different 
antigens: CD38, CD33, CD56, CD123, CD117, 
CD34, CD133, Muc1 

NCT03473457 / Zhujiang Hospital I-II

r/r myeloid 
malignancies CD123 NCT02937103 / Southwest Hospital I-II/45

r/r BPDCN Universal CAR-T cells: CD123 NCT03203369 / Cellectis S.A. I/72
r/r AML Universal CAR-T cells: CD123 NCT03190278 / Cellectis S.A. I/156

r/r B cell malignancies CD19 plus one of CD123, CD20, CD22, CD38, 
CD70, or I-Cas9

NCT03125577 / Shenzen Geno-Immune Medical 
Institute I-II/100

r/r AML CD123 NCT03556982 / Affiliated Hospital of the Chinese 
Academy of Military Medical Sciences I-II/10

AML Donor CAR-T cells after allo-SCT: CD123-EGFRt NCT03114670 / Affiliated Hospital of the Academy 
of Military Medical Sciences I/20

r/r AML, BPDCN CD123-EGFRt NCT02159495 / City of Hope Medical Center I/60

r/r MM CD38 NCT03464916 / University of Pennsylvania, 
Sorrento Therapeutics Inc. I/72

r/r MM Single or double CAR-T cells: BCMA/CD138/
CD38/CD56 NCT03473496 / Zhujiang Hospital I-II/50 

r/r MM Multiple CAR-T cells: BCMA/ CD138/CD38/CD56 NCT03271632 / Shenzhen Geno-Immune Medical 
Institute I-II/20 

r/r HL and NHL CD30 NCT01316146 / UNC Lineberger Comprehensive 
Cancer Center I/10 [36]

r/r AML CD33 NCT01864902 / Chinese PLA General Hospital I-II/10 [68]
r/r HL, CD30+ 
lymphoma Dose escalation of CAR-T cells: CD30 NCT03049449 / National Cancer Institute I/76

r/r CD30+ HL and NHL CD30 NCT02690545 / UNC Lineberger Comprehensive 
Cancer Center I-II/34
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$475,000 for tisagenlecleucel and $373,000 for Yescarta. If 
the positive results obtained continue this trend, hopefully 
CAR-T-BCMA will also be approved for use in MM patients. 
Unfortunately, these prices are not affordable for many public 
national health systems. In this sense, at our institution, we have 
manufactured our CAR-T-19 cell product. This process requires 
having a good manufacturing practice facility to perform the 
viral production. Afterwards, the T-cell transfection is performed 
in the Prodigy device (Miltenyi, Biotec), a sterile isolated system, 
which performs all the steps required, starting from the apheresis 
product to the final product of CAR-T cells. This option provides 
much more affordable prices that can be assumed by a public 
national health system. With these CAR-T-19 cells (called ARI-
0001), 18 patients with r/r B-cell malignancies have already been 
treated and a phase II clinical trial is about to start.

CAR-T Cells for the Treatment of Solid Tumors

Contrary to hematological malignancies, severe side 
effects, lack of persistence and effectiveness of CAR-T cells, 
immunosuppression in the tumor microenvironment, lack of 

homing, and tumor-off/target-on effects occurring in solid 
tumors decrease the success of CAR-T therapy for these 
malignancies [45]. Some strategies employed to improve 
these problems include the following: 1) Fourth-generation 
CAR-T cells, by incorporating additional features, such as 
costimulatory ligands next to the CAR receptor and more than 
one costimulatory domain, improve the lack of persistence 
and efficacy of CAR-T cells. In this sense, combining CD28 
with OX40 blocks IL-10 production, increasing persistence 
and conferring higher efficacy to the CAR-T cells [45,46,47]. 
Combination of CAR-T cells with oncolytic viruses has also 
been suggested to improve CAR-T efficacy [48]. 2) To overcome 
the immunosuppressive microenvironment, the preselection 
of virus-specific CTLs before CAR-T cell transduction achieves 
a double CAR-T stimulation, either by the TCR or by the 
CAR, appearing as an option to avoid loss of expression 
of the tumor antigen [49]. Another option being tested is 
the combination of CAR-T cells with immunocheckpoint 
inhibitors, which seems to improve the potency of CAR-T cells 
[47]. In addition, fourth-generation CAR-T cells can modulate 

Table 3. Clinical studies infusing CAR-T cells published by other institutions than the National Cancer Institute, University of 
Pennsylvania, and Memorial Sloan Kettering Cancer Center.
Disease Target / CAR-T cell dose N patients / clinical outcome Clinical trial code / location [ref]

r/r HL CD30 / On day 0: 3.2x105 CAR-T/kg; from 
day 3 to 5, 5-fold increments 18.39% PR, 33% SD NCT02259556 / Chinese PLA General 

Hospital [69]

r/r AML

CD33 / 1.12x109 CAR-T cells; dose 
escalation over 4 days (1x108 day 1, 
1.2x108 day 2, 4x108 day 3, and 5x108 
day 4)

1 / Grade IV toxicity, response at 2 weeks 
with progression at 9 weeks

NCT01864902 / Chinese PLA General 
Hospital [70]

r/r CD20+ 
BCL

CD20 / Escalating doses split into 3-5 
doses on consecutive days; total dose 
from 0.41x107 to 1.46x107 cells/kg

11 / OR 81.8%, 6 CR and 3 PR; no severe 
toxicity observed; PFS >6 months, 1 patient 
CR >27 months

NCT01735604 / Chinese PLA General 
Hospital [71]

r/r AML Lewis Y / 1.1x109 T cells (ranging from 
5x108 to 1.3x109)

5 / III-IV grade toxicity not observed; 1 
patient with cytogenetic remission, 1 with 
reduction in peripheral blood, 1 protracted 
remission

NCT01716364 / University of 
Melbourne, Australia, Heidelberg-
Australia [72]

r/r B-cell 
and mantle 
lymphoma

CD20 / 3 infusions of escalating doses of 
108, 109, and 3.3x109 cells/m2

4 / 2 patients with PFS of 12 and 24 
months; 1 patient in OR and relapsed after 
12 months

NCT00621452 / Fred Hutchinson 
Cancer Research Center, Seattle, WA, 
USA [73]

r/r HL and 
ALCL

CD30 / 3 doses from 0.2x108 to 2x108 
CAR-T cells/m2

9 / No toxicities; 7 patients with HL, 1 CR 
>2.5 years, 1 CR >2 years, 3 transient SD; 
2 patients with ALCL, 1 CR >9 months

NCT01316146 / UNC Lineberger 
Comprehensive Cancer Center [36]

r/r: Relapsed/refractory, HL: Hodgkin lymphoma, AML: acute myeloid leukemia, BCL: B-cell lymphoma, ALCL: anaplastic large cell lymphoma, PR: partial response, SD: stable disease, 
OR: overall objective response, CR: complete response, PFS: progression-free survival, PLA: People’s Liberation Army Hospital.
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Table 2. Continued

Disease Type of CAR and/or dose: target Clinical trial code / location Phase/n 
patients 

r/r HL and NHL CD30 NCT02917083 / Baylor College of Medicine I/18

AML, MDS, r/r MM
Dose escalation with 4 cohorts, from 1x106 to 
3x107 CAR-T cells: CS1 Dana-Farber Cancer Institute, NHLBI I/12

AML/MM Lewis Y antigen NCT01716364 / Peter MacCallum Cancer Centre I/6

r/r: Relapsed/refractory, NHL: non-Hodgkin lymphoma, BCL: B-cell lymphoma, DLBCL: diffuse large B-cell lymphoma, ALL: acute lymphoblastic leukemia, CLL: chronic lymphocytic 
leukemia, AML: acute myeloid leukemia, BPDCN: blastic plasmacytoid dendritic cell neoplasm, I-Cas9: Inducible caspase 9, Allo-SCT: allogenic stem cell transplantation, NHLBI: National 
Heart, Lung, and Blood Institute, MM: multiple myeloma, MDS: myelodysplastic syndrome, PLA: People’s Liberation Army Hospital.
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the tumor environment through the secretion of IL-12 and can 
also increase tumor cell-CAR-T cell contact by the release of 
adhesion molecules or enzymes that degrade the extracellular 
matrix [50,51]. CRISPR/CAS9 technology appears as a further 
option to generate CAR-T cells resistant to exhaustion and 
inhibition [52]. 3) Moreover, the high tumor-off/target-
on effect occurring in solid tumors can be ameliorated by 
variations in the administration route for CAR-T cells, cell 
dose, reduction of scFv affinity, use of “switchable CARs”, and 
the discovery of specific tumor-associated antigens [45,53]. 
Additional proposals for CAR construct design include the 
insertion of caspase 9 into the CAR construct, which after 
administration of a small molecule (AP1903) to the patient 
will induce apoptosis of 99% of CAR-T cells [54]. Inducible 
caspase 9 is already being used in clinics, demonstrated to be 
safe (Table 4). Moreover, the design of transient CAR-T cells 
by introducing CAR-T mRNA by electroporation has shown 
antitumor activity in CAR-T-19 for CLL patients [55] and CAR-
T-mesothelin for solid tumors [56], and it is being employed 
in clinical trials (Table 4). Due to all these limitations, positive 
clinical results with CAR-T cells in solid tumors are scarce, 
most of them in phase I trials. We will now mention some of 
the most interesting results obtained with CAR-T cells in solid 
tumors.

Specific disialoganglioside 2 (GD2) expression in tumor cells 
and slight expression in normal cells [57] makes GD2 a good 
candidate for CAR-T therapy, specifically for neuroblastoma. 
Eight neuroblastoma patients receiving Epstein-Barr virus (EBV)-
virus-specific CTLs with CAR-T-GD2 showed evidence of tumor 
necrosis and one patient remained in CR, suggesting that virus-

specific CTLs expressing CAR-T-GD2 show higher persistence in 
contrast to virus-nonspecific CAR-T cells [49].

Human epidermal growth factor receptor 2 (HER2) is not 
detected in normal brain tissues, being overexpressed in 25%-
30% of breast and ovarian cancers, 60% of osteosarcomas, 
80% of glioblastoma multiforme (GBM) cases, and 40% of 
medulloblastomas [51]. Although HER2 has been successfully 
targeted with anti-HER2-antibodies (trastuzumab and 
pertuzumab) in HER2/neu2+ breast cancer, the first breast 
cancer patient treated with CAR-T-HER2 died because of severe 
toxicity related to tumor-off/target-on effect [58]. In contrast, 
gliomas, glioblastomas, GBM, and medulloblastomas showing 
lower levels of HER2 than breast cancer are not efficiently treated 
with trastuzumab. Therefore, 17 GBM patients received from 106 
to 108 cells/m2 of intravenous polyclonal EBV-cytomegalovirus 
and adenovirus-specific T cells transduced with CAR-T-HER2 
(CAR-T-FRP5). Median OS was 11 months, no serious side effects 
were reported, and CAR-T cells were detected in PB 12 months 
later [59]. 

IL-13 receptor alpha-2 (IL-13Rα2) is overexpressed in 75% 
of glioblastoma patients [60,61,62]. The first study in 3 
glioblastoma patients receiving up to 12 local intracranial 
infusions of virus-specific CTL clones transduced with CAR-IL-
13Rα2 (E13Y-zetakine CAR) showed minimal side effects and 
transient responses in 2 patients [63]. Afterwards, the CAR 
construct was modified to incorporate 4-1BB and a mutated 
IgG4-Fc linker to reduce tumor-off/target-on effect. At a dose 
of 2x106 these CAR-T cells were administrated by intracranial 
infusion to one glioblastoma patient, followed by five additional 
infusions of 10x106 CAR-T cells. Severe toxicities did not develop 

Table 4. Clinical trials incorporating inducible caspase 9 in CAR-T cells or performing mRNA electroporation to induce the CAR.

Location / NCT code Antigen (method employed for 
temporary CAR-T expression) Malignancy Phase

MSKCC / NCT02414269 Mesothelin (iCasp9) Malignant pleural disease, mesothelioma, 
metastases, LC, BC I

BCM / NCT01822652 GD2 (iCasp9) Neuroblastoma I

MSKCC / NCT02792114 Mesothelin (iCasp9) BC, metastatic HER2-negative BC
I

Shenzhen Geno-Immune Medical Institute / 
NCT02992210 GD2 (iCasp9) Solid tumor I/II

NCI / NCT02107963 GD2 (iCasp9) Sarcoma, osteosarcoma, NB, melanoma I

BCM / NCT01822652 GD2 (iCasp9) NB I

Bambino Gesù Hospital / NCT03373097 GD2 (iCasp9) NB I/II

BCM / NCT01953900 GD2/VZV vaccine (iCasp9) Sarcomas I

Abramson Cancer Center of UPenn / 
NCT01897415 Mesothelin (mRNA) PDA I

UPenn / NCT01837602 cMet (mRNA) BC, triple negative BC I

UPenn / NCT03060356 cMet (mRNA) Melanoma, BC 1

MSKCC: Memorial Sloan Kettering Cancer Center, BCM: Baylor College of Medicine, NCI: National Cancer Institute, UPenn: University of Pennsylvania, PDA: pancreatic ductal 
adenocarcinoma, BC: breast cancer, VZV: Varicella zoster virus.
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and regression of intracranial and spinal tumors during 7.5 
months was observed [64].

Most GBM patients overexpress the mutated epidermal growth 
factor receptor (EGFR) variant III (EGFRvIII), which is associated 
with tumor progression and poor prognosis [65]. Comparison 
of humanized second- and third-generation CAR-T cells with 
4-1BB and/or CD28/4-1BB against EGFRvIII in vitro and in vivo 
demonstrated higher efficacy for the third-generation CAR-T 
cells. Moreover, a lower-affinity scFv was designed to minimize 
the tumor-off/target-on effects, and finally this CAR-T cell 
combined with temozolomide was the optimal strategy in a 
xenograft glioblastoma model [66]. Based on these results, UPenn 
conducted the first study with 10 newly diagnosed patients 
with recurrent GBM with residual disease infusing intravenous 
CAR-T-EGFRvIII cells. No evidence of off-tumor toxicity or CRS 

was observed. One patient had residual stable disease for over 
18 months. All patients demonstrated transient expansion and 
trafficking of CAR-T cells to regions of active GBM. However, 
expression of inhibitory molecules and regulatory T-cell 
infiltration after CAR-T-EGFRvIII infusion was detected in the 
tumor environment [67]. Many other ongoing clinical studies 
targeting EGFRvIII, GD2, and HER2 are summarized in Table 5.

Conclusion

In summary, CAR-T immunotherapy has achieved remarkable 
results in the treatment of hematological malignancies, leading 
to the commercialization of CAR-T cells as pharmaceutical 
products. Despite positive results, problems such as loss of 
expression of the target antigen and CRS could be improved. In 
solid tumors, additional complications due to intratumoral cell 
heterogeneity cause low responses and high toxicities. Novel 

Table 5. Clinical trials targeting disialoganglioside 2, human epidermal growth factor receptor 2, and epidermal growth factor 
receptor variant III.
Location / NCT code Antigen Malignancy Phase

Zhujiang Hospital / NCT02765243 GD2 NB II

NCI / NCT02107963 GD2 NB I

BCM / NCT03294954 GD2 NB I

Cancer Research UK / NCT02761915 GD2 NB R

Bambino Gesù Hospital / NCT03373097 GD2 NB R

Seattle Children’s Hospital / NCT02311621 CD171/EGFRt NB, GNB R

Chinese PLA General Hospital, Beijing / NCT01935843 HER2 Advanced HER2-positive ST I/II

The Methodist Hospital; Center for Cell and Gene Therapy, 
BCM / NCT02442297 HER2 GB I

The Methodist Hospital; Center for Cell and Gene Therapy, 
BCM; Texas Children’s Hospital / NCT01109095 HER2 GBM I

Seattle Children’s Hospital / NCT03500991 HER2 Pediatric CNST I

Fuda Cancer Hospital, Guangzhou / NCT02547961 HER2 BC I/II

Southwest Hospital, China / NCT02713984 HER2 BC, OC, LC, GC, colorectal, glioma, PC I/II

Hospital of Harbin Medical University / NCT03267173 HER2 PC I

Xuanwu Hospital, Beijing / NCT03423992 HER2 Glioma I

City of Hope Medical Center / NCT03389230 HER2/CD19t GB, glioma I

BCM / NCT00902044 HER2 Sarcomas I

Duke University Medical Center / NCT02664363 EGFRvIII GB I

NCI / NCT01454596 EGFRvIII Glioma, GB, BC, gliosarcoma I/II

Beijing Sanbo Brain Hospital / NCT02844062 EGFRvIII GBM I

NCI, Duke Cancer Institute / NCT03283631 EGFRvIII GBM I

Shenzhen Geno-Immune Medical Institute / NCT03170141 EGFRvIII GBM I/II

Xuanwu Hospital, Beijing / NCT03423992 EGFRvIII Glioma I

NCI / NCT01454596 EGFRvIII Glioma, GB, BC, gliosarcoma I/II

Duke University Medical Center / NCT02664363 EGFRvIII GB I

UPenn, UCA / NCT02209376 EGFRvIII GB I

BCM: Baylor College of Medicine, NCI: National Cancer Institute, UPenn: University of Pennsylvania, UCA: University of California, R: recruitin, GB: glioblastoma, GBM: glioblastoma 
multiforme, PC: pancreatic cancer, LC: lung cancer, BC: breast cancer, OC: ovarian cancer, GC: gastric cancer, BC: brain cancer, NB: neuroblastoma, GNB: ganglioneuroblastoma, ST: solid 
tumors, CNST: central nervous system tumor, PLA: People’s Liberation Army Hospital, GD2: disialoganglioside 2, HER2: human epidermal growth factor receptor 2, EGFRvIII: epidermal 
growth factor receptor variant III.
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CAR designs, modification of clinical protocols, discovery of 
novel tumor-specific antigens, and novel molecular strategies 
will improve clinical results for both hematological and solid 
tumors.
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ÖzAbstract

Ciddi Konjenital Nötropenisi Olan Hastalarda ve Nötropenik Olmayan Ebeveynlerinde Hem 
Granülositik Hem Granülositik Olmayan Kan Hücreleri Etkilenir: Morfoloji, Fonksiyon ve 
Hücre Ölümü Yönünden Bir Değerlendirme
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Both Granulocytic and Non-Granulocytic Blood Cells Are Affected 
in Patients with Severe Congenital Neutropenia and Their Non-
Neutropenic Family Members: An Evaluation of Morphology, 
Function, and Cell Death
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Amaç: Ciddi konjenital nötropenisi (CKN) olan hastalar ve nötropenik 
olmayan ebeveynlerindeki granülositik ve granülositik olmayan kan 
hücrelerini incelemektir. 

Gereç ve Yöntemler: CKN’si olan 15 çocuk ve nötropenik olmayan 
21 ebeveynin lenfosit, granülosit ve monositlerinde CD95, CD95 
ligand, annexin V, hücre siklusu (periferik lenfositler, granülosiler +/- 
monositlerde) ve lenfosit alt grupları akım sitometri ile, b) hızlı hücre 
yaşlanması (lökositlerde) yaşlanma-ilişkili β-galaktozidaz boyası SA-
β-galaktosidaz boyası ile, c) agregasyon testleri agregometre ile, d) in 
vitro kanama zamanı, PFA-100 aleti ile, e) trombositlerde mepakrin 
işaretli kaba granül sayısı floresan mikroskopu ile, f) hematomorfoloji 
ışık ve elektron mikroskopu ile değerlendirildi. Hastalarda ve bazı 
ebeveynlerde CKN ile ilişkili olarak HAX1, ELANE, G6PC3, CSF3R, 
JAGN1 mutasyonları çalışıldı. 

Objective: To examine granulocytic and non-granulocytic cells in 
children with severe congenital neutropenia (SCN) and their non-
neutropenic parents. 

Materials and Methods: Fifteen patients with SCN and 21 non-
neutropenic parents were evaluated for a) CD95, CD95 ligand, annexin 
V, propidium iodide, cell cycle, and lymphocyte subsets by flow 
cytometry; b) rapid cell senescence (of leukocytes) by senescence-
associated β-galactosidase stain; c) aggregation tests by aggregometer; 
d) in vitro bleeding time by PFA-100 instrument; e) mepacrine-labeled 
dense granule number of thrombocytes by fluorescence microscope; 
and f) hematomorphology by light and electron microscope. HAX1, 
ELANE, G6PC3, CSF3R, and JAGN1 mutations associated with SCN 
were studied in patients and several parents. 
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Introduction

Severe congenital neutropenia (SCN) is a heterogeneous bone 
marrow failure syndrome characterized by recurrent infections, 
low absolute neutrophil count (<0.5x109/L), and maturation 
arrest at the promyelocyte/myelocyte stage of myelopoiesis in 
the vast majority of cases and it is due to various genetic defects 
[1,2,3]. Regular variations [4], giving rise to transient elevations 
of neutrophil counts to even >1.5x109/L with ‘intermittent 
maturation arrest’ [5], can be encountered.

Apoptosis in neutrophilic precursors plays a major role in the 
pathogenesis of SCN [1,2,6]. Reports regarding lymphocyte 
apoptosis in addition to granulocyte apoptosis have been 
restricted to a few cases [7,8], and apoptosis in monocytes has not 
been studied. Reports pertaining to non-granulocytic blood cell 
lines in SCN and patients’ non-neutropenic family members are 
also too limited [3,7,8,9,10] to make a general characterization 
of the phenotype of SCN cases with heterogeneous genetic 
backgrounds. 

We have hypothesized that, in SCN, development of all cell 
lines other than the granulocytic lineage is also impaired and 
patients’ non-neutropenic parents also carry some hematologic 
abnormalities. Our specific aim in this study is to examine the 
lymphocytes, monocytes, and granulocytes of patients with 
SCN and their family members in terms of morphology and cell 
death parameters [apoptosis and rapid cell senescence (RCS)] 

and additionally to evaluate thrombocyte morphology and 
functions and percentage of lymphocyte subsets. 

Materials and Methods

Study Participants

Severe congenital neutropenia was defined as persistent 
neutropenia (neutrophil counts of <0.5x109/L) confirmed from 
two samples a week for 6 weeks and the onset of neutropenia or 
infections early in life and deficiency in late maturation stages 
of neutrophils in bone marrow (mature neutrophils being <10%: 
central neutropenia) [4]. However, subjects whose neutrophils 
showed some spontaneous variations between <0.5x109/L 
and 1.5x109/L were not excluded [4]. Those with syndromic 
neutropenia were excluded. 

Fifteen children with SCN [age: 9.35±4.54 years; range: 1.5-
22; 8 female (F), 7 male (M)] and 21 non-neutropenic family 
members (10 mothers, 11 fathers; age: 35.14±8.92 years; range: 
23-55) were included in the study. A 22-year-old female was 
included since she had been followed in Pediatrics for 8 years.

Patients were prescribed G-CSF (5-25 µg/kg/day), 2-7 times 
weekly; however, many patients received therapy irregularly for 
economic and social reasons. Blood was drawn during periods 
in which patients had stopped therapy and patients and family 
members had not consumed any other drugs for at least 10 days 

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

Results: Significant increase in apoptosis and secondary necrosis 
in monocytes, lymphocytes, and granulocytes of the patients and 
parents was detected, irrespective of the mutation type. CD95 
and CD95 ligand results implied that apoptosis was non-CD95-
mediated. Leukocytes of 25%, 12.5%, and 0% of patients, parents, 
and controls showed rapid cell senescence. The cell cycle analysis 
testable in four cases showed G1 arrest and apoptosis in lymphocytes 
of three. The patients had HAX1 (n=6), ELANE (n=2), G6PC3 (n=2), 
and unidentified (n=5) mutations. The CD3, CD4, and NK lymphocytes 
were below normal levels in 16.6%, 8.3%, and 36.4% of the patients 
and in 0%, 0%, and 15.4% of the parents (controls: 0%, 0%, 5.6%). 
The thrombocytes aggregated at low rates, dense granule number/
thrombocyte ratio was low, and in vitro bleeding time was prolonged 
in 37.5%-66.6% of patients and 33.3%-63.2% of parents (vs. 0% in 
controls). Under electron and/or light microscope, the neutrophils, 
monocytes, lymphocytes, and thrombocytes in the peripheral blood 
of both patients and parents were dysplastic and the bone marrow of 
patients revealed increased phagocytic activity, dysmegakaryopoiesis, 
and necrotic and apoptotic cells. Ultrastructurally, thrombocyte 
adhesion, aggregation, and release were inadequate. 

Conclusion: In cases of SCN, patients’ pluripotent hematopoietic stem 
cells and their non-neutropenic parents are both affected irrespective 
of the genetic defect.

Keywords: Severe congenital neutropenia, Monocytes, Lymphocytes, 
NK cells, Thrombocytes, Phagocytes, Apoptosis, Senescence, Parents, 
Family

Bulgular: Akım sitometri ile, hasta ve ebeveynlerinin monosit, 
lenfosit ve granülositlerinde apoptoz ve sekonder nekrozda belirgin 
artış olduğu ve bunun konjenital nötropeni mutasyonunun cinsi ile 
ilişkili olmadığı gösterildi. CD95 ve CD95 ligand sonuçları, apoptozun 
CD95 yolu ile olmadığını gösteriyordu. Hasta, ebeveyn ve kontrol 
olgularının lökositlerinin %25, %12,5 ve %0’ı SA-β-gal boyası ile 
boyandı. Dört olguda yapılabilen hücre siklusu analizinde üç olgunun 
lenfositlerinde G1 arresti ve apoptoz görüldü. Hastalarda HAX1 (n=6); 
ELANE (n=2); G6PC3 (n=2) ve belirlenemeyen (n=5) mutasyonlar 
saptandı. CD3, CD4 ve NK lenfositleri sırasıyla hastaların %16,6; 
%8,3; %36,4’ünde, ebeveynlerin %0, %0, %15,4’ünde, kontrolün 
%0, %0, %5,6’sında yaşa göre normal aralığın altında idi. Hasta ve 
ebeveynlerin trombositleri düşük oranda agrege oluyordu (olguların 
sırasıyla %66,6 ve %63,2’sinde, kontrolün %0’ında), kaba granül 
sayısı/trombosit oranı düşük (hasta, ebeveyn ve kontrolün %50, %35 
ve %0’ında); in vitro kanama zamanı uzun (farklı kartuşlarla olguların 
%37,5 ve %33,3’ünde ve ebeveynlerin %18,8 ve %12,5’inde) idi. Işık 
ve elektron mikroskopta hasta ve ebeveynlerin periferik kanlarındaki 
nötrofil, monosit, lenfosit ve trombositleri displastik idi; hastaların 
kemik iliğinde fagosit aktivitesinde artış, dismegakaryopoez, nekrotik 
ve apoptotik hücreler bulunuyordu. İnce yapısal olarak trombositlerde 
adezyon, agregasyon, salınım yetersiz idi. 

Sonuç: CKN’de, pluripotent hematopoietik kök hücreler ve nötropenik 
olmayan ebeveynleri genetik bozukluktan bağımsız olarak etkilenirler. 

Anahtar Sözcükler: Ciddi kongenital nötropeni, Monositler, 
Lenfositler, Trombositler, Fagositler, Apoptoz, Yaşlanma, Ebeveyn, Aile
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prior to samples being taken to eliminate drug 
effects on thrombocyte aggregation [11]. 

For lymphocyte subsets, death parameters 
(CD95, CD95 ligand, annexin V), dysmorphism, 
thrombocyte aggregation tests, mepacrine 
labeling, and in vitro bleeding time, 18, 10, 9, 
5, 5, and 9 healthy volunteers were evaluated, 
respectively. For evaluation of lymphocyte 
subsets, age-matched normal ranges for healthy 
Turkish children [12] and our laboratory for adults 
were used.

Flow Cytometric Evaluation

Peripheral blood was prepared for flow cytometric 
analysis as reported previously [8,13,14] by direct 
immunofluorescence (FAC Scan, Becton Dickinson 
CA and Beckman Coulter, USA). By combining CD45 
and CD14 with the forward and right-angle light 
scatter parameters of blood cells, the lymphocytes, 
granulocytes, and monocytes were gated (Figure 
1A). CD95, CD95 ligand, and annexin V were 
evaluated in each gate; the CD3, CD4, CD8, and 
NK cells were evaluated in the lymphocyte gates 
[13,14]. Kits from Biosciences (USA) (for CD95 and 
CD95 ligand) and Pharmingen (USA) [for annexin 
V, propidium iodide (PI), 7-aminoactinomycin D 
(7-AAD), and CD3, CD4, CD8, and NK cells] were 
used. Per sample, 10,000 cells were counted. The 
cell cycles of the lymphocytes and granulocytes 
were evaluated by the PI florescence histogram 
method [13].

Rapid Cell Senescence

The leukocytes were stained for senescence-
associated β-galactosidase (SA-β-gal kit, Sigma 
Co., Germany) as per the manufacturer’s protocols 
[15].

Mutation Analysis

Mutation analyses of HAX1, ELANE, CSF3R, G6PC3, 
and JAGN1 genes were performed by standard 
techniques (Supplemental Materials and Methods 
and Supplemental Table 1).

Evaluation of Cellular Morphology

The peripheral blood cells were evaluated by 
light (Nikon E400) and transmission electron 
microscopy (TEM) (LEO 906E) for apoptosis and 
dysplasia [8,10,14,16,17], in a blinded fashion 
(Supplemental Materials and Methods). The 
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bone marrow aspiration smears taken at admission were also 
evaluated under light microscope. Bone marrow aspiration of 
the parents could not be performed. 

Evaluation of the Thrombocytes of the Patients and the Parents

In vitro bleeding time was measured with a PFA-100 instrument 
(Dade Behring Marburg GmbH, Marburg, Germany) [18] and 
turbidimetric aggregation tests were measured with a Chrono-
Log 560 Ca aggregometer (Chrono-Log Corporation, Havertown, 
PA, USA) [18]. 

Dense granules were stained with mepacrine (1 µM, Sigma, 
St. Louis, MO, USA) [19,20] and thrombocytes were prepared 
for electron microscopic visualization of aggregation [19], as 
described previously (Supplemental Materials and Methods).

Statistics Analysis

We used SPSS 15.0 (SPSS Inc., Chicago, IL, USA) to evaluate the 
data we obtained. A normality test was performed to determine 
if the data were distributed in a normal fashion (Supplemental 
Materials and Methods). 

Results

History and Physical Examination

In our cohort, there were three pairs of siblings and one 
pair of cousins, one having coexistent amyloidosis and 
hypercholesterolemia and the other having hemoglobin 
C. Their vaccines were administered on time without any 
complications. Parents of 14 patients were 1st (n=10) or 2nd 
(n=4) degree relatives. The patients had gingival hypertrophy, 
aphthous stomatitis, decayed teeth, and tooth loss by 
26.6%, 20%, 20%, and 13.3%, respectively. None had any 
physical malformation. Several patients had monocytosis 
and thrombocytosis [21,22]. The immunoglobulin (Ig) A, G, 
and M levels of patient AG and the IgG of patient ZG were 
higher than normal, while the levels of all the other patients 
were normal. Four out of 15 SCN patients (26.6%) and 5 
of 21 parents (23.8%; 3 mothers, 2 fathers) had frequent 
nasal bleeding and easy bruising with/without menorrhagia. 
Investigations of immunoglobulin levels, which could be 
performed for ten parents, revealed normal results. The other 
characteristics of the patients and parents are presented in 
Table 1 and Supplemental Table 2.

Flow Cytometric Evaluation 

Percentage of apoptotic cells, necrotic cells, and dead cells 
(apoptotic + necrotic) in the lymphocyte, granulocyte, and 
monocyte gates of both the patients and the parents were 
higher than those of the healthy controls, while they were 
similar among the patients and parents (Figure 1). CD95 and 

CD95 ligand results were inconsistent with each other, implying 

that apoptosis was non-CD95-mediated (Table 2; Figure 1). 

The CD3, CD4, and NK cells were below the age-matched normal 

ranges in 16.6%, 8.3%, and 36.4% of the patients and 0%, 0%, 

and 15.4% of the parents versus 0%, 0%, and 5.6% of the 

controls. On the other hand, CD3 and CD8 cells were found to 

be above the age-matched normal ranges in 16.6% and 27.3% 

of the patients and in 0% and 7.7% of the parents versus 0% 

and 16.7% of the controls (Supplemental Table 3).

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

Figure 1. Percentage of CD95, CD95 ligand, annexin (showing 
apoptotic cells), propidium iodide (PI), or 7-aminoactinomycin D 
(7-AAD) (showing necrotic cells) and overall dead cells (apoptotic 
+ necrotic cells) in lymphocyte, monocyte, and granulocyte gates. 
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G1 arrest and apoptosis were established in one patient’s 
lymphocytes (ZG) and those of her parents while the cell cycle of 
lymphocytes in the sibling of ZG (patient AG) was normal. The cell 
cycles of the parents’ granulocytes were normal (Figures 3A-3F).

Rapid Cell Senescence

Eight patients and eight parents were evaluated. The leukocytes of 
only 2 patients (siblings AG and ZG) and their mother were stained 
with SA-β-gal by 88%, 76%, and 94%, respectively (Figures 3G, 3H, 
3I). These patients were members of a family and were evaluated 
for cell cycles at the same time (Figures 3A-3F). 

Cell Morphology

Neutrophils

The incidences of bizarre nuclei (34.0±17.4% vs. 15.2±4.7%, 
p=0.015), pseudo Pelger-Huet (PPH) and PPH-like cells (15.7±9.3 
vs. 4.1±3.3, p=0.003), striking chromatin clumping (38.1±27.7% 
vs. 11.0±9.7%, p=0.036), macropolycyte percentage (diameter ≥15 
µm) (38.71±27.46% vs. 6.44±6.00%, p=0.0001) of neutrophils, and 
neutrophil diameter (13.46±1.76 vs. 9.79±1.73, p=0.0001) were 
significantly higher in the neutrophils of the parents than those of 
the control group by light microscope.

The few neutrophils of the patients in their peripheral blood and 
bone marrow also revealed the same abnormalities, but no scoring 
could be done due to the low number.

Ultrastructural study of the patients and parents revealed that 
secondary granules of neutrophils were low in number, primary 
granules were heterogeneous in shape and size, and chromatin 
clumping and apoptosis were striking (Figures 4D, 4E, 4L, 5D, 5E, 
and 5H). 

Lymphocytes

The peripheral lymphocytes of both patients and parents revealed 
few lymphocytes with tiny cytoplasmic protrusions. Ultrastructural 
study of peripheral blood of patients and parents showed that the 
lymphocytes were abnormal or active (Figures 4G, 5F, and 5G). 

Monocytes, Macrophages, Histiocytes, and Other Phagocytes

The peripheral blood of patients and parents revealed monocytes 
with features of apoptosis, abnormal nucleus, necrosis, or 
pseudopod formation under light microscope and abnormal 
mononuclear cells under TEM with or without features of apoptosis 
(Figures 4F and 5H).

The bone marrow examination of the patients revealed many 
monocytes, macrophages, histiocytes, neutrophils, bands, 
eosinophils, and eosinophil myelocytes undergoing phagocytosis. 
Sea blue-like and Gaucher-like histiocytes in the bone marrow of 
the patients were striking. The phagocytosed cells were lymphocytes, 
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Figure 2. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes of patients 
with congenital neutropenia and their parents. 2A1 and 2A2: Those of patients with HAX1 mutation (YF, EC, AY, MNY, HY) and their 
parents. The mother and father of AY, MY, and HY and the mother of EÇ were heterozygous for HAX1. 

Figure 2.A1



237

Turk J Hematol 2018;35:229-259 Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

Figure 2. Continued. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes 
of patients with congenital neutropenia and their parents. 2A1 and 2A2: Those of patients with HAX1 mutation (YF, EC, AY, MNY, HY) 
and their parents. The mother and father of AY, MY, and HY and the mother of EÇ were heterozygous for HAX1. 

Figure 2.A2
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Figure 2. Continued.  FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes 
of patients with congenital neutropenia and their parents. 2B: Those of RT with ELANE mutation and his parents and parents of NBÖ 
with ELANE mutation. The cells of patient NBÖ could not be evaluated. Neither of the parents had ELANE mutation in peripheral 
lymphocytes or buccal mucosa. 

Figure 2.B



239

Turk J Hematol 2018;35:229-259 Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

Figure 2. Continued. FACS gating and flow cytometric graphics of annexin and PI/7-AAD of lymphocytes, monocytes, and granulocytes 
of patients with congenital neutropenia and their parents. 2C: Those of two siblings with congenital neutropenia with unidentified 
mutation and their parents (AG, ZG). 2D: Those of one of the healthy volunteers. 

Figure 2.C

Figure 2.D
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Figure 3. Cell cycle patterns of two sibling patients, their mother, and their father: A) normal cell cycle (patient AG, lymphocyte; sibling 
of ZG); B) G1 arrest and pre-G1 peak showing apoptosis (patient ZG; sibling of AG); C) G1 arrest and apoptosis (mother DG, lymphocyte); 
D) normal cell cycle (mother DG, granulocyte); E) G1 arrest and apoptosis (father SG, lymphocyte); F) normal cell cycle (father SG, 
granulocyte) (the patients’ granulocytes could not be evaluated due to granulocytopenia). G-H-I: The leukocytes of two sibling patients 
and their mother stained by SA-β-gal, as blue granules, from peripheral blood culture (400x). The leukocytes of patient AG (G), patient 
ZG (H), and their mother DG (I). These patients were members of a family evaluated for cell cycles.
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erythroblasts, or apoptotic cells. Necrosis of cells that had 
phagocytosed other cells was also evident (Figures 6A, 6B, 6C). 

Megakaryopoiesis

Megakaryocytes with asynchrony in nucleo-cytoplasmic 
maturation or those undergoing emperipolesis or transformed/
transforming to naked megakaryocyte nuclei were striking. 
Additionally, naked megakaryocyte cytoplasm just after 
completing thrombocyte release, many megakaryoblasts, and 
necrotic, apoptotic, or dysplastic megakaryocytes were also seen 
in the bone marrow examinations of the patients (Figures 6A, 
6B, 6C). 

Thrombocytes and Thrombocyte Functions

Thrombocytes with heterogeneous size, abnormal shape, 
and/or giant forms were observed on the peripheral blood 
smears of both the parents and patients. Giant and dysplastic 
thrombocytes were also evident in many patients’ bone marrow 
under light microscope (Figures 6A, 6B, 6C). 

The mean dense granule number per thrombocyte was 2.01±1.19 
(0.37-3.55) in the patients (n=12), 2.27±1.33 (0.22-4.47) in 
the parents (n=20), and 3.32±0.40 (2.78-3.82) in the healthy 
controls (n=5), and these were comparable with each other 
(p=0.147). However, the percentage of patients, parents, and 
controls who had fewer than 2 dense granules per thrombocyte 
was 50%, 35%, and 0% respectively (Supplemental Figure 1).

Ultrastructural examination showed that the thrombocytes had 
a reduced number of dense granules that were heterogeneous 
in size, shape, and composition. The open canalicular system 
(OCS) was enlarged and contained unevacuated components in 
patients (Figures 4H, 4I, 4J, 4K, and 7A - Case 2) and parents 
(Figures 5G and 5I).

In vitro bleeding time was prolonged in patients and parents 
by 37.5% and 18.8% with collagen-epinephrine cartridges and 
by 33.3% and 12.5% with collagen-ADP cartridges, respectively, 
vs. 0% in the control group with both cartridges. While in 
vitro bleeding times in patients and parents were comparable 
(p=0.293 and 0.233, respectively), only the in vitro bleeding 
time with collagen-ADP in patients was longer than in the 
control (p=0.031) (Supplemental Table 4).

Up to 63.6% and 44.4% of the aggregation results performed 
with various reactive substances in patients and their family 
members displayed abnormalities (Table 3; Supplemental Tables 
5 and 6). 

Thrombocyte aggregation at the 2nd, 8th, and 14th minutes under 
TEM (Figure 7) revealed a lack of adhesion and a lack of or 
inadequate secretion as also seen in Figures 4H, 4I, 4J, 4K, 5G, 
and 5I, with delayed or defective centralization, development 

of pseudopods, and/or secretion, abnormal degranulation, 
dissociation phenomenon [23,24], and abnormal amoeboid 
cytoplasmic protrusions (Supplemental Results).

There was inconsistency between the presence of hemorrhagic 
diathesis and abnormality of laboratory tests (aggregation 
tests, dense granule number in thrombocytes, in vitro bleeding 
time, thrombocyte ultrastructure) and vice versa. Not all these 
abnormalities coexisted all together (Table 3; Supplemental 
Table 6).

Genetic Mutations

Fourteen of 15 patients and 9 of 21 parents were evaluated for 
genetic mutations. Patients had homozygous [c.130_131insA 
(p.W44*)] mutation in the second exon of the HAX1 gene (n=6), 
heterozygous ELANE mutations [c.597+5G>A and c.416C>T 
(p.P139L) (n=2)], and homozygous G6PC3 mutation [c.194A>C 
(p.E65A), n=2], which is a novel mutation in the literature and 
is predicted to be disease-causing by SIFT and MutationTaster 
in silico analysis software [in submission]. Five had unidentified 
mutations. No tested patient had CSF3R mutation. ELANE 
c.597+5G>A splicing mutation was predicted to be disease-
causing by NNSPLICE, GeneSplicer, and Human Splicing Finder 
in silico prediction tools. 

Patients with HAX1 displayed coexistent homozygous 
c.159T>C polymorphism in the second exon of the HAX1 
gene. Three patients with other mutations were heterozygous 
for this polymorphism (Tables 1 and 3). Both the mother and 
father of AY, MNY, and HY and the mother of EÇ were found 
heterozygous for HAX1 [c.130_131insA (p.W44*)]. The parents 
of the two patients with heterozygous ELANE mutation revealed 
no mutation in the ELANE gene and their buccal mucosa cells 
did not reveal mosaicism. 

Discussion 

In this study, we showed that non-granulocytic blood cells were 
also affected and that morphologic and functional changes 
occurred in patients with SCN and in their non-neutropenic 
family members, and cell death mechanisms other than 
apoptosis also operated.

Apoptosis and Secondary Necrosis in Granulocytic and Non-
Granulocytic Cells

It has been reported that in SCN and other neutropenic states, 
accelerated apoptosis of bone marrow granulocytic progenitor 
cells [1,2,6,25,26,27,28,29,30,31] and lymphocyte apoptosis 
[7,8] took place through different mechanisms. In our study, 
apoptosis was demonstrated not only in granulocytes and 
lymphocytes but also in monocytes by elevated annexin V, 
ultrastructural appearance, and a pre-G1 peak in cell cycle 
analysis. The absence of a pre-G1 peak is not enough to exclude 
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Figure 4. Electron microscopic images of the blood cells of the patients. A) Normal lymphocyte (16700x), B) normal neutrophil (3597x), C) 
normal thrombocyte (10000x), D) patient EC (with HAX1 mutation) (12930x), E) patient NBÖ (with ELANE mutation) (12930x), F) patient 
OSK (with G6PC3 mutation) (10000x), G) patient EC (with HAX1 mutation) (16700x), H) patient EC (with HAX1 mutation) (35970x), I) 
patient MeK (with G6PC3 mutation) (46460x), J) patient MNY (with HAX1 mutation) (12930x), K) patient NBÖ (with ELANE mutation) 
(27800x), L) patient MeK (with G6PC3 mutation) (14000x) (N: nucleus; thick arrow: primary granule; thin arrow: secondary granule; OCS: 
open canalicular system; d: dense granule; *: segment of non-apoptotic nucleus; arrow head: fusion of granules; O: autophagosome). 
Decreased number of secondary granules in the neutrophils (Figures 4D, 4E), which were abnormal in shape (4L). Primary granules 
that were irregular in shape (Figures 4E, 4L) or large (Figure 4D) and had a tendency to combine and condense (Figure 4E). Chromatin 
clumping in nuclei (Figure 4D) and apoptosis (Figure 4E). An active lymphocyte (Figure 4G). Abnormal giant mononuclear cell with 
abundant mitochondria and autophagic vacuole (Figure 4F). Dense granules in platelets, which were large and giant (Figure 4H), reduced 
in number (Figure 4H), in different shapes and dimensions (Figures 4H, 4J, 4K) with varying components (Figure 4I). Enlarged open 
canalicular system due to unevacuated ingredients (Figures 4H, 4I, 4J, 4K).
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Figure 5. Electron microscopic images of the blood cells of the parents. A) Normal lymphocyte (16700x), B) normal neutrophil (3597x), C) 
normal thrombocyte (10000x), D) mother of AO (with unidentified mutation) (SO) (12930x), E) mother of AO (with unidentified mutation) 
(SO) (12930x), F) father of MeK and OSK (with G6PC3 mutation) (MK) (16700x), G) father of MeK and OSK (with G6PC3 mutation) (MK) 
(10000x), H) father of MeK and OSK (with G6PC3 mutation) (MK) (21560x), I) father of MNY and AY (with HAX1 mutation) (AhY) (27000x) 
(N: nucleus; thick arrow: primary granule; thin arrow: secondary granule; OCS: open canalicular system; d: dense granule; *: segment of 
non-apoptotic nucleus; arrow head: fusion of granules; O: autophagosome). Decreased number of secondary granules in the neutrophils 
(Figures 5D, 5E). Primary granules in irregular shape (Figure 5D). Chromatin clumping in nuclei (Figure 5D) and apoptosis (Figures 5D, 5E, 
5H). Abnormal lymphocytes (Figures 5F, 5G). Dense granules in platelets, which were large and giant (Figure 5I). Open canalicular system 
enlarged due to unevacuated ingredients (Figures 5G, 5H, 5I).

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia
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Figure 6.A

Figure 6.B
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Figure 6. Features of some bone marrow cells (megakaryocytes, thrombocytes, monocytes, macrophages, histiocytes, other phagocytes, 
and apoptotic/necrotic cells) of the patients by light microscope. 6A: Features of some bone marrow cells from the patients with HAX1 
mutation. i, xxvii, xxviii): Patient AY; ii) Patient EÇ; iii, iv, viii, xvi, xxx) Patient MNY; v, vi, x, xii, xv, xvii, xviii, xxi, xxii, xxiii, xxiv, xxvi) 
Patient MK; vii, xiv, xxix) Patient YF; xi, xii, xiii, xix, xx, xxv) Patient HY (1000x). i) Giant thrombocyte; ii) dysplastic thrombocytes; iii, xi, xii, 
xiii, xiv) Megakaryoblasts with nucleo-cytoplasmic asynchrony; iv, v, vi, ix) senescent megakaryocytes undergoing the process of being naked 
megakaryocyte nucleus and naked megakaryocyte cytoplasm, just as producing (v, vi) or after completing production of thrombocytes (iv, 
vii, ix), with emperipolesis of other bone marrow cells (iv, ix); viii) Abnormal megakaryocyte; x) a megakaryocyte that has just developed 
into a naked megakaryocyte nucleus and naked megakaryocyte cytoplasm. xv) A macrophage full of fat (Gaucher-like cell); xvi, xix, xxii, 
xxiv) monocytes that are phagocytosing various mononuclear cells; xx) a monocyte phagocytosing an apoptotic cell; xvii, xxi, xxiii) other 
phagocytes like a neutrophil (xvii), eosinophilic myelocyte (xxi), and stab (xxiii) that are phagocytosing other bone marrow cells; xxv) A 
megakaryocyte undergoing necrosis; xxix, xxx) megakaryocytes undergoing apoptosis; xxvi) a monocyte that had performed phagocytosis 
and is undergoing necrosis; xxvii) a monocyte undergoing necrosis; xxviii) an eosinophilic myelocyte with an apoptotic body attached to 
the cell. 6B: Features of some bone marrow cells from the patients with ELANE mutation. i, iii, iv, vii, viii, ix, x, xi) Patient NBÖ (1000x); 
ii, iv, vi) Patient RT (1000x). i) A degenerating dysplastic megakaryocyte; ii) a mononuclear megakaryocyte undergoing emperipolesis; iii) a 
giant thrombocyte; iv, v) megakaryoblasts with nucleocytoplasmic asynchrony; vi) naked megakaryocyte nuclei that could not transform to 
unique nuclei. vii, viii) Histiocytes that phagocytosed many bone marrow cells; ix) A megakaryocyte that is just about to undergo necrosis; 
x) a ghost-like cell degenerating through secondary necrosis; xi) a necrotic megakaryocyte. 6C: Features of some bone marrow cells from 
the patients with unidentified mutations. i, v, vii, viii, xi, xv, xx, xxi) Patient AO; iii, vi, ix, x, xiii, xiv, xvi, xviii, xix, xxii, xxiii, xxiv) Patient 
ZG; iv) Patient BA; ii, xii, xvii) Patient KŞ (1000x, except Figure vi, which is presented at 400x). i) A megakaryocyte with nucleo-cytoplasmic 
asynchrony; ii, iii) senescent megakaryocytes undergoing the process of transformation to naked megakaryocyte nucleus and naked 
megakaryocyte cytoplasm, just as producing thrombocytes (ii) or after finishing production of thrombocytes (iii) or with emperipolesis (iii); 
iv) a giant thrombocyte; v, viii, ix) megakaryoblasts; vii) a megakaryocyte that is just transforming to naked megakaryocyte nucleus and 
naked megakaryocyte cytoplasm; vii) a naked megakaryocyte nucleus; x) a dysplastic megakaryocyte with two nuclei and scanty cytoplasm 
but thrombocyte production; xi, xii, xvi, xix) Monocytes (xi, xiv), macrophages (xii, xvi, xix) that had phagocytosed or are phagocytosing 
bone marrow cells with eosinophilic cytoplasm (xix) or pseudopods (xiv); xv, xx, xxi) histiocytes that have been phagocytizing bone marrow 
cells (xv, xx) and/or consist of basophilic debris, which gives the appearance of sea blue-like histiocytes (xv, xx, xxi); xvii, xviii) phagocytosis 
of other phagocytes like eosinophils (xviii) or eosinophil metamyelocytes (xvii); xxiii, xxiv) Macrophages with normal (xxiii) or eosinophilic 
(xxiv) cytoplasm that had performed hemophagocytosis and are undergoing necrosis now.

Figure 6.C

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia
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Figure 7. Electron microscopic images of the aggregating thrombocytes after addition of 2 µM ADP. All bars are 500 nm. Case 1 (patient 
BA, with unidentified mutation): A) 2nd minute of aggregation: Thrombocytes are seen to have become close to each other; the granules 
(G) have centralized; open canalicular system is enlarged (↑); one dense granule is visible in enlarged open canalicular system (*). B) 
8th minute of aggregation: Platelets are still distant from each other. There are no platelets that fit tightly to each other. However, 
the granules (G) have centralized and have discharged their ingredients. Open canalicular system is enlarged and consists of residual 
secretion (↑). There are a few granules that have not evacuated their ingredients yet. C) 14th minute of aggregation: The platelets are seen 
to have become closer but they are still apart from each other. The open canalicular system is enlarged and consists of some secretion 
(↑). There are and there are not undischarged granules (G) in thrombocytes 1 and 2, respectively. Case 2 (Patient ZG, with unidentified 
mutation): A) 2nd minute of aggregation: Thrombocytes are seen to be apart from each other; the granules (G) have fairly centralized 
and are intact. B) 8th minute of aggregation: The granules (G) are larger than normal and increased in number. They have centralized but 
have not discharged their contents yet. Pseudopods have developed. The open canalicular system has not enlarged yet (↑). C) 14th minute 
of aggregation: The thrombocytes have not adhered to each other yet. The dense granules are distributed throughout the cytoplasm 
but the majority have not discharged their contents yet. Upper thrombocyte: The granules (G) are very large and increased in number. 
None of them have evacuated their contents. Open canalicular system (↑) is apparent. Normal Control: A) 2nd minute of aggregation: 
Thrombocytes are seen to fit tightly together and display abundant pseudopods. They have released almost all of their granules. B) 8th 
minute of aggregation: Thrombocytes fit tightly together. They have degranulated completely, except a few.

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia
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apoptosis [32]. Inconsistent elevations in CD95 and CD95 ligand 
pointed at a non-CD95-mediated apoptosis.

Only in the case of excessive apoptosis, during which the 
capacity of phagocytes to engulf apoptotic cells is reduced, do 
the uncleared apoptotic cells and fragments undergo secondary 
necrosis (delayed apoptotic clearance), which can provoke 
inflammation [33]. Our flow cytometric and microscopic 
findings revealed that apoptotic and necrotic cells coexisted 
in three cell lines in patients irrespective of the type of SCN 
mutation, and in their parents. 

We think that in our patients apoptotic and necrotic cells in the 
myeloid lineage activated macrophages and other phagocytes 
extensively (Figures 6A, 6B, 6C), inducing secretion of TNF-
alpha, IL-1, IL-6, and IL-12 by activated macrophages, the latter 
exacerbating macrophage activation through stimulating IFN-
gamma production [34,35]. High levels of TNF-alpha [36,37] 
in SCN patients and their non-neutropenic parents [36] and 
increased capacity of stimulated monocytes to produce TNF-
alpha on stimulation through certain toll-like receptors [38,39] 
were reported before.

We consider the apoptosis in the non-granulocytic cells to be 
due to the high TNF-alpha levels, which can give rise to apoptosis 
in neutrophils [40,41], lymphocytes [42,43], monocytes [44], 
and thrombocytes [45] in various conditions [46] through TNF 
alpha-TNFR1 interaction (Supplemental Discussion, Text 1).

Cytopenia in Non-Granulocytic Cells and RCS

Absence of lymphopenia (except 1 case), monocytopenia, and 
thrombocytopenia (Table 1; Supplemental Table 2) is apparently 
due to good compensation of the bone marrow of both the 
patients and the parents. 

However, it was striking that both patients and their parents 
had quantitative abnormalities in T lymphocytes and NK cells, 
regardless of the type of the SCN mutation carried by the 
patients. 

Abnormalities in B, cytotoxic T, NK, NKT, Th2, and Th7 cells 
were reported in SCN with GFI-1 mutation, albinism-
neutropenia syndromes, and Wiskott-Aldrich syndrome (WAS) 
[2,47,48,49,50,51]. None of our cases were clinically compatible 
with WAS or albinism-neutropenia syndromes. However, 2 SCN 
patients with WAS mutation were reported to have a reduced 
number of NK and CD4+ cells [7]. Interestingly, SCN patients 
with ELANE and unidentified mutations were reported to have 
normal numbers of NK cells that were less mature than those 
of normal controls [52]. NK cell deficiency and dysfunction 
was reported in some chronic neutropenia patients with 
morphological abnormalities [53]. In our cases, patients with 
NK levels lower than the normal range for age had HAX1 

(n=2) and G6PC3 (n=2) mutations while patients with low CD3 
(n=2) and CD4 (n=1) levels had unidentified mutations (Table 
3). Mature neutrophils are reportedly necessary for NK cell 
development [52]. Reduced mature neutrophils may account 
for low levels of NK cells in the patient group but the reasons 
why not all SCN patients had low NK cells and why the parents 
who had low NK levels were not neutropenic require further 
investigations.

That the patients with low CD3+ and CD4+ lymphocytes (AG, 
ZG) were those with β-gal positivity of leukocytes suggests 
that the continual presence of circulating pro-inflammatory 
factors secreted by activated macrophages kept the immune 
system in a state of chronic low-level activation, giving rise to 
immunosenescence through loss of telomeric DNA with each S 
phase and therefore a decline in the number of T lymphocytes 
and no change or decline in overall lymphocyte and NK cells [54] 
during which inflammatory mediators secreted by senescent 
cells themselves contributed to immunosenescence [55,56] (we 
could not evaluate B lymphocytes) (Supplemental Discussion, 
Text 2). 

The presence of apoptosis together with RCS was reported in 
SCN [8] and in cell lines that had been administered cytotoxic 
drugs [57]. These cases (ZG and parents) in which individuals had 
not consumed cytotoxic drugs and were exposed to radiation 
may carry an unknown DNA-disrupting factor.

Cellular senescence is the state of irreversible cell cycle arrest, 
predominantly in the G1 phase [57,58,59,60,61,62,63,64], 
being dependent on (replicative senescence) or independent 
of telomeres (RCS) [60,61]. The latter is due to inappropriately 
expressed pro-proliferative genes [63], oncogenic mutations 
[62], DNA-damaging drugs, or gamma irradiation [57,58]. 

The senescence-like phenotype is characterized by reorganization 
of heterochromatin [65,66], formation of fragmented nuclei, 
polyploidy, and enlarged and flattened cell shape, along with 
expression of SA-β-gal positivity [15,57] and alterations in the 
cell cycle [65]. 

Dysplasia of Hematopoietic Cells

In our study, as reported previously [8,10], dysplasia was noted 
not only in the neutrophil series but also in the monocyte, 
megakaryocyte, lymphocyte, and eosinophil series in all 
patients and parents to various degrees. Some dysplasia 
parameters overlap with the senescence phenotype; however, 
restriction of RCS to a few cases in our study showed that 
RCS only partially affected the development of dysplasia. Our 
previous studies point at the role of inflammatory cytokines 
to cause dysplasia [36,37] in patients with autoimmune 
disorders, acute infections, and hemophagocytic histiocytosis 
[67,56]. The pro-inflammatory cytokines secreted by activated 
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macrophages can destroy the bone marrow microenvironment 
and hematopoietic stem cell niches by activating innate 
immune cells [55] and give rise to hematopoietic stem 
cell dysfunction, dyshematopoiesis, and thus dysplastic 
hematopoietic cells. 

Morphologic abnormalities due to abnormal differentiation 
in myeloid cells are also encountered in congenital, cyclic, 
dysgranulopoietic neutropenia cases [7,10,66,68] with or 
without the WAS, GFI-1, and G6PC3 mutations [1,7], in 
myelodysplastic syndrome, and in a number of non-malignant 
disorders [16,67]. 

Dysmegakaryopoiesis and Hemorrhagic Diathesis

That the presence of nearly no normal megakaryocytes in 
our patients and that nearly all megakaryocytes displayed 
characteristics of naked megakaryocyte nuclei, emperipolesis, 
or abnormal morphology like peripheral vacuolization 
(showing non-classical apoptosis: para-apoptosis) and 
directly destructed megakaryocytes (showing necrosis) and 
presence of many stage 1 megakaryocytes (megakaryoblasts), 
some of which were aberrantly releasing thrombocytes, imply 
defective megakaryocyte maturation, heavy intramedullary 
premature cell death of megakaryocytes, and increased 
megakaryopoiesis [14,69,70,71,72,73] (Supplemental 
Discussion, Text 3). 

Defective maturation in megakaryocytes is also expected to 
be due to the increased levels of pro-inflammatory cytokines, 
which can destroy the bone marrow microenvironment and 
hematopoietic stem cell niches [55]. Therefore, thrombocytes 
derived from megakaryocytes with defective maturation are 
also expected to be functionally abnormal. 

Hence, in our cases, we noted a combination of thrombocyte 
functional defects and in a few of them a low number of 
mepacrine-labeled dense granules reminiscent of a delta 
storage pool defect. The ultrastructural view of aggregating 
thrombocytes (Figure 7; Supplemental Discussion, Text 3) 
may reflect defective transmission. From all these aspects, the 
findings of our patients resemble the thrombocyte disorders 
encountered in leukemia, refractory anemia, cystinosis, and 
others [19,23,24,74,75]. 

Hemorrhagic diathesis is a common finding of albinism-
neutropenia syndromes like Chediak-Higashi syndrome, 
Hermansky-Pudlak syndrome type 2, Griselli’s syndrome type 2, 
Cohen’s syndrome, and p14 deficiency [51] but has not been 
reported in SCN [76] before. 

Our results, at the same time, confirmed that not all patients with 
thrombocyte aggregation defects display laboratory evidence 
[18,77,78] and the most reliable tool to show thrombocyte 
aggregation defect is electron microscopic evaluation [78,79,80]. 

Parents

No parent had cytopenia; however, apoptosis and secondary 
necrosis to various degrees in granulocytes, monocytes, and 
lymphocytes with the presence of dysplasia, decreased NK 
cells, and abnormalities in thrombocyte functions in most of 
the parents and RCS in one suggest that the parents were also 
affected by the same genetic abnormality but the cell loss was 
well compensated by the proliferating compartment. However, 
only the parents of patients with ELANE and those of most 
patients with HAX1 could be evaluated genetically. 

For the parents of the patients with homozygous HAX1 
mutation (AY, MNY, HY, EÇ) who were heterozygous for the same 
mutation, we think that cell loss took place through one mutant 
allele, just like in their children. The apoptotic hematopoietic 
cells (lymphocytes, neutrophils, monocytes) were the mutant 
cells that were lost early [81,82], but normal hematopoiesis 
compensated for the cell loss when the other allele was normal. 

As for the parents of patients with ELANE mutation (RT, NBÖ), 
the absence of ELANE mutation in the parents’ peripheral blood 
cells led us to consider that the parents were either mosaic for 
the mutation or actually normal and their children were sporadic 
cases of ELANE mutation. Hence, a number of phenotypically 
healthy parents were shown to harbor somatic [83], only 
germline [3], or both somatic and germline [84] mosaicism of 
ELANE mutation. On the other hand, most of the sporadic cases 
of SCN were reported to have ELANE mutations [85].

That we could not detect mosaicism in the buccal mucosa cells 
of the parents does not rule out mosaicism definitively. A search 
for mutant alleles in various other cell types like skin or sperm 
of the father, preferably using more sensitive mutation analysis 
methods, might have proved mosaicism, like in the reported 
cases [3,86] in which the mutant allele was negative in DNA 
from neutrophils, buccal mucosa, and/or lymphocytes and was 
detected only in spermatozoa. However, the parents felt uneasy 
about being tested any further. 

Additionally, that the parents of patient RT had normal blood 
cell counts but high cell death parameters in lymphocytes, 
granulocytes, and monocytes like the parents with heterozygous 
HAX1 suggested that they were very probably affected by the 
same mutation in the same gene, ELANE, as their children. 
However, we cannot exclude the possibility that patient RT was 
a sporadic case of ELANE mutation and did not additionally 
harbor any other untested/unidentified neutropenia mutation 
[87] and that his parents were carriers of this mutation. On 
the other hand, similar death parameters in the hematopoietic 
cells of the parents of NBÖ to those of the controls suggested 
that the ELANE mutation in NBÖ could be sporadic. As a 
second possibility, both of the parents of NBÖ might have 
cyclic hematopoiesis with consecutive normal and abnormal 
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hematopoiesis [88], just like in the mother of a patient with 
JAGN1 mutation who we followed before [8,10, unpublished 
data]. However, we could not exclude an unidentified mosaicism 
for the parents of NBÖ definitively due to the same reasons. 

As for the parents of patients with G6PC3 (OSK, MeK) and 
unidentified mutations (AO, BA, AG, ZG, KŞ), only two siblings 
with unidentified mutation (AG, ZG) and their parents could be 
evaluated for cell death parameters and both the parents’ blood 
cells (lymphocytes, granulocytes, monocytes) showed apoptosis 
and necrosis similar to that of their children. Therefore, we 
think that the parents of patients with other recessive SCN gene 
mutations (like G6PC3 and at least some of the unidentified 
mutations) might be heterozygous for the same genetic defect, 
like in the parents who were heterozygous for HAX1.

We think that the modifying effects of other genes or factors 
[3,89] and any other accompanying neutropenia mutations [87] 
and many other factors that play roles in the transmission of 
disease, including the 159T>C polymorphism in the same exon 
of HAX1 mutation in patients with HAX1 and other mutations 
as in other cases [90,91], both in the patients and parents, need 
to be evaluated in further studies.

The gingival enlargement and oral aphthae of the parents in the 
present study were thought to be possibly due to dysfunctional 
neutrophils, which were dysplastic at the same time, like a non-
neutropenic mother of a patient with JAGN1 mutation who we 
followed before and had apoptosis in addition to morphological 
and functional abnormalities in neutrophils, lymphocytes, and 
thrombocytes with low levels of myeloperoxidase and defective 
chemotaxis [8,10, unpublished data].

Easy bruising and gingival bleeding of the parents were 
attributed to defective thrombocyte functions stemming from 
defective megakaryopoiesis. 

We attribute apoptosis and secondary necrosis in the myeloid 
lineage of the non-neutropenic parents to the aforementioned 
genetic abnormalities relevant to SCN, while those in the non-
granulocytic cells to the high TNF-alpha levels [36] that can 
give rise to apoptosis in blood cells [40,41,42,43,44,45,46], as 
discussed for children with SCN. 

Conclusion

Apoptosis and secondary necrosis in non-granulocytic cell lines, 
dysplasia of blood cells with/without RCS, and disturbances in 
lymphocyte subsets and thrombocyte functions were observed in 
patients with congenital neutropenia and their non-neutropenic 
parents. Additionally, bone marrow of the patients showed 
increased phagocytic activity and striking dysmegakaryopoiesis. 
(Table 4). This study shows that abnormalities in lymphocyte 
subsets and hemorrhagic diathesis are not restricted to albinism-

neutropenia syndromes, as current wisdom holds, but are also 
encountered in SCN. 

Moreover, our findings suggest that the pluripotent 
hematopoietic stem cells in SCN are defective irrespective of 
the genetic etiology, in contrast to the current thinking that 
understands the main defect as residing in the progenitor 
myeloid cells [1,2,6], and myeloid transcriptional factors [92,93]. 

Study Limitations

The main limitation of our study was that not all sub-studies 
could be performed for all cases due to daily limitations of our 
laboratory facilities. Including idiopathic neutropenic patients 
as a separate control group could have helped evaluate the 
results more extensively, although these patients were beyond 
the scope of this study. In spite of this, we believe that our 
results may lead to further in vivo and in vitro studies involving 
pluripotent hematopoietic stem cells in SCN so as to better 
understand the underlying physiopathology. Additionally, the 
presence of the same abnormalities in non-neutropenic parents 
shows that the phenotype-genotype relationship is another 
field that requires further evaluation. 
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Appendix: Supplemental Materials and Methods

Mutation Analysis 

Mutation analyses of the HAX1, ELANE, CSF3R, and G6PC3 genes were performed by standard techniques using a DNA sequencing kit 
(PerkinElmer, Foster City, CA, USA) and the ABI Prism 3100 sequence analyzer (Applied Biosystems, Foster City, CA, USA).

Reference accession number of the genes
HAX1 (NM_006118)

ELANE (NM_001972)

CSF3R (NM_156039)

G6PC3 (NM_138387)

JAGN1 (NM_032492)

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

Evaluation of Cellular Morphology 

The peripheric blood cells were evaluated by light (Nikon Eclipse E400, 
Nikon Corporation, Japan) and transmission electron microscope (TEM) 
(LEO 906E, Zeiss, Germany) for apoptosis and dysmorphism [1,2,3,4], 
in a blinded fashion. One hundred neutrophils of the parents (except 
YF’s mother whose peripheral blood smear enabled us to evaluate 
only 50 neutrophils) and control group were scored for dysmorphism 
under light microscope (1000x). Each dysmorphic feature shown by 
an individual neutrophil was given one score and the total score for a 
definite dysmorphic feature was presented as ‘%’. Only for YF’s mother 
the total score for a definite dysmorphic feature was multiplied by 
two. The patients’ neutrophils could not be scored due to neutropenia. 
The photographs of the representative cells with dysmorphic features 
under electron microscope were taken and presented. 

Evaluation of the Thrombocytes of the Patients and the Parents 

In vitro bleeding time: This was measured by a PFA−100 instrument 
(Dade Behring Marburg GmbH, Marburg, Germany) using collagen-
epinephrine and/or collagen-ADP cartridges [5]. 

Turbidimetric aggregation tests: A Chrono-Log 560 Ca 
aggregometer was used with minor modifications (Chrono-Log 
Corporation, Havertown, PA, USA) [5]. Thrombocyte aggregation 
was studied with collagen (1 and 2 μg/mL), ristocetin (1.25 mg/mL), 
ADP (2, 6, 10 μM), and epinephrine (10 μM). 

Mepacrine labeling of dense granules: Thrombocyte-rich plasma was 
prepared and stained with mepacrine (1 μM; Sigma, St. Louis, MO, 
USA) as described previously [6,7]. The greenish-yellow fluorescent 
dense granules were visualized under a fluorescent microscope 
(Zeiss Axoscope; Zeiss, Thornwood, NY, USA). The dense granules 
were counted in 84-106 platelets for each sample. The results were 
presented as the mean dense granule number per thrombocyte [6,7].

Electron microscopic evaluation of aggregation: After adding 2 μM 
ADP to thrombocyte-rich plasma obtained from two patients (BA, 
ZG), samples were removed at the 2nd, 8th, and 14th 

minutes and 
were prepared for TEM [6].

Statistics

We used SPSS 15.0 to evaluate the data we obtained (SPSS Inc., 
Chicago, IL, USA). A normality test was performed to determine 

if the data were distributed in a normal fashion. To compare 
evenly and unevenly distributed data, we used the independent 
samples t-test and the Mann-Whitney U test (for two groups) and 
One-way ANOVA and the Kruskal-Wallis H test with Bonferroni 
correction (for more than two groups). We used the Scheffe test 
in the one-way ANOVA testing to determine which groups had 
differences between themselves. One-sample t-tests were used 
to evaluate whether the means of the variables differed from 
the means of the reference group. Values of p<0.05 and p<0.017 
were considered significant for inter-group comparison and the 
Kruskal-Wallis H test, respectively.

Supplemental Results 

Ultrastructural View of Aggregating Thrombocytes

Aggregation tests under TEM revealed the following abnormalities: 
1) Lack of adhesion: At the 2nd, 8th, and 14th minutes of the 
aggregation test, the thrombocytes were still separate from 
each other. At the second minute, the granules were fairly or 
completely centralized with no visible pseudopods, whereas 
normal thrombocytes fit together tightly, displayed abundant 
blunt pseudopods, and had released almost all of their granules 
(Case 1, Case 2, and control). 2) Lack of or inadequate secretion: 
Organelle centralization took place but the organelles later became 
dispersed in the cytoplasm, without undergoing secretion and with 

Supplemental Figure 1. The platelet dense granules stained by 
mepacrine (arrow).
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Supplemental Table 1. Primers used for the 
sequencing of the coding regions of HAX1, ELANE, 
G6PC3, CSF3R, JAGN1 genes.

HAX1-1F ACTGGAGGGGTTCAAAGGTT 
HAX1-1R ATCACCCC AGGTTGGAGAA 
HAX1-2F TCC CACTTTGCCACCCATGAGT
HAX1-2R TTCTCACACTTCCCATCCCC
HAX1-3F CCTTTCCCATCCCAGCAAACACC
HAX1-3R CT CACAAGCTCTCACTTCAGGACCA
HAX1-4F G GGGTTTTGGAGCTCGGGAGTAGTT
HAX1-4R TTCAGGGAGGGAGAACACACAG A
HAX1-5,6F CTCCTGCTTCTTCATCTCTC TGCTC
HAX1-5,6R AGGCAGAAGCAAAGGACAAGGG
HAX1-7F CTCAAGATTCCTTGGGGAAG
HAX1-7R CGGAAGTGTTGGAT GGTTCT
ELANE-2,3F CGGAGGGGCAGAGACCCCGGA
ELANE-2,3R AGACCGGGACGCGGGGTCCGA
ELANE-4F CTCGAGCACCTTCGCCCTCAG
ELANE-4R TCAACGGCCCATGGCGGGTAT
ELANE-5-6F CCTGCCCTGCAGGATCCCAGA 
ELANE-5-6R GGAGAGTGTGGGTGTGGGCAG
CSF3R-3R AAGGAAATTCCCAATATCTCTCC 
CSF3R-4F CCAGGGTCTGCTTTTCTCTG 
CSF3R-4R AGGCACCCGCCACTATG 
CSF3R-5-6F AGGAAGCTTTCTGAGTGGTCC 
CSF3R-5-6R TGTGTTTCCCTCTCCATTCC 
CSF3R-7-8F AGAGCCCTCTAGGGTGGG 
CSF3R-7-8R GGGGCCTGGACTGGATAC 
CSF3R-9F GTATCCAGTCCAGGCCCC 
CSF3R-9R CTAAGCCCCGGTTTGTAGG 
CSF3R-10F CCTAGAGGCTCTCCTTGACTC 
CSF3R-10R CCAGGCAGTCTAGCCTTTG 
CSF3R-11F CAGGCTTCTGGCTCAAGG 
CSF3R-11R TCAGATAAGCACTGCCTCCC 
CSF3R-12F GCTCCTGATCATTAGCACAGG 
CSF3R-12R AGAGCCTTGGGAGAGAGAGG 
CSF3R-13-14F AGAAGTCCAACCGGGCTC 
CSF3R-13-14R AAATCAGCATCCTTTGGGTG 
CSF3R-15-16F AGACCCAGCCTTCCCAAC 
CSF3R-15-16R CTTGGCTTCAGAAGGTGTCC 
CSF3R-17F CCAGACAGGGACAGTGGC 
CSF3R-17R ACCCTCCCCTCTTCTCCAG 
G6PC3-1F GTGATAGCCGAGGCGCTACAG
G6PC3-1R AGGGCTTACACATGACTCAGGG
G6PC3-2F GAGTACTCTGTGTCCTGCCCG
G6PC3-2R CTCTGAAATGTTCACCCGAACC
G6PC3-3F CAGCTGTATTATTGAGGCATCACC
G6PC3-3R GCCATGCTGCTGTGTCTATTAGG
G6PC3-4F TTCAACCATGGAGTACCTGGG
G6PC3-4R GTGGGCTCTACAGAAGCTGGG
G6PC3-5F ATTCTCTTGCCAAGCTGCACTG
G6PC3-5R AGGCTAGGTGCAGGCGAGATAG
G6PC3-6aF GATAGCCTGCCTTGTGCTGG
G6PC3-6aR CGGAAGCAGATTTAGGGAGGG
G6PC3-6bF CAGTGGCCTTCTATGTTCCAGC
G6PC3-6bR GGCCAGAGGGTGTACTTGAGG
JAGN1_1F GTGTCGTTGCGGTACCAGG
JAGN1_1R GGGGAGCAAGACCCTGAG
JAGN1_2F TTGTCTGGCATATAGTTGGTGG
JAGN1_2R AAGGGATTTTGGAACCGC

Olcay L, et al: Hematopoiesis in Families with Congenital Neutropenia

unevacuated large granules and no enlargement in the OCS (Case 2) or having made 
partial secretion with enlarged OCS full of unsecreted material (Cases 1 and 2). 
3) Delay in all stages of aggregation: Each stage of aggregation (centralization, 
development of pseudopods, and/or absent or impartial secretion) took place with 
delay (Case 1, Case 2, and control). 4) Abnormal degranulation: Unlike in normal 
degranulation, in which the dissolution of the granule’s membrane is followed 
by evacuation of granule contents into the OCS and canalicular dilation, in some 
samples of the patients the dense granule was evident in the OCS, without membrane 
dissolution (Case 1). 5) Dissociation phenomenon: The patients’ platelets showed 
the dissociation phenomenon, a disruption of normal aggregation that normally 
takes place in a coordinated sequence of pseudopod formation, change in shape, 
clustering of central granules, degranulation, and canalicular dilation [8,9]. In our 
cases, all of these changes took place without the adherence of thrombocytes to 
each other. We observed OCS enlargement and secretion of some material taking 
place before the degranulation phase ended (Case 1). 6) Abnormal cytoplasmic 
protrusions: The cytoplasmic protrusions in normal aggregating thrombocytes were 
thin, whereas in our patients they were amoeboid (Cases 1 and 2). 

Clinical Correlations Between Hemorrhagic Diathesis and Laboratory Parameters 

It was striking that not all cases with a history of hemorrhagic diathesis displayed 
abnormal aggregation test results, low dense granule number in thrombocytes, 
or prolonged in vitro bleeding time, whereas many cases without any history 
of hemorrhagic diathesis displayed abnormal aggregation test results or low 
dense granule number in thrombocytes or prolonged bleeding time or abnormal 
ultrastructure of thrombocytes. Not all of these abnormalities coexisted all together 
(Table 2; Supplemental Table 5). 

Supplemental Discussion

Text 1

In the steady state apoptotic cells are rarely encountered under physiological 
conditions and the removal of the apoptotic cells is fast and promotes an  
anti-inflammatory response [10]. However, in the case of substantial and excessive 
apoptosis during which the capacity of phagocytes to engulf apoptotic cells is 
reduced, the uncleared apoptotic cells and fragments undergo secondary necrosis 
(delayed apoptotic clearance) which can provoke inflammation or autoimmunity. 
Macrophages that ingest necrotic cells cause increased T cell proliferation [10]. 

Hence, the flow cytometric graphics show that apoptotic and necrotic cells coexisted 
in all three cell lines, confirming that necrosis was due to excessive apoptosis. Hence, 
phagocytosis of both necrotic and apoptotic cells were shown in the bone marrow 
of the patients.

However, presence of excessive apoptosis and secondary necrosis not only in 
the patients’ neutrophils but in all other cell lines (lymphocytic and monocytic) 
regardless of the mutation type of congenital neutropenia and their existence 
even in the non-neutropenic parents of the congenital neutropenia patients seem 
unreliable at first glance. 

We think that macrophages of our patients were activated by increased apoptosis in 
the myeloid lineage, and the TNF-alpha secreted by activated macrophages gave rise 
to increased apoptosis (and secondary necrosis) in all cell lineages. Hence, striking 
phagocytic activity of various phagocytic cells (histiocytes, monocytes, macrophages, 
neutrophils, bands and even eosinophils and eosinophil myelocytes), mainly being 
monocytic cells, and our previous findings showing elevated TNF-alpha which is 
mainly secreted by activated macrophages in a group of congenital neutropenia 
patients, most of whom also enrolled in this study [11], confirm our explanation. 
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Supplemental Table 2. Characteristics of the parents.
Age Symptoms / findings Molecular genetics Leukocyte 

count  
(WBC; x109/L)
(n=4.0-10.0)

Neutrophil 
count  
(109/L, %)
(n=1.9-8.0)

Monocyte 
count  
(x109/L, %)
(n=0.12-1.2)

Lymphocyte 
count  
(x109/L, %)
(n=0.9-5.2)

Thrombocyte 
count  
(x109/L, %)
(n=130-400)

Father of MK 38y - NA† 7.0 3.6 0.8 2.5 365

Mother of MNY-
AY siblings*

34y - HAX1 heterozygousc.130-
131insA (p.W44X)**

8.3 5.2 0.5 2.5 312

Father of MNY-
AY siblings*

37y - HAX1 heterozygous 
c.130-131insA (p.W44X)**

8.48 5.77 0.62 1.8 304

Mother of MeK-
OSK siblings

55y - NA† 9.24 4.38 0.77 3.91 314

Father of MeK-
OSK siblings

54y - NA† 8.7 5.6 0.8 2.1 322

Mother of AF* 28y Gingival enlargement NA† 8.8 5.4 0.8 2.3 247

Father of AF 32y Frequent aphthae NA† 8.9 5.6 0.7 2.3 211

Mother of EÇ* 26y Gingival enlargement 
gingival bleeding

HAX1 heterozygous 
c.130-131insA (p.W44X)**

6.82 4.26 0.61 1.80 241

Father of EÇ* 25y - NA* 8.32 5.37 0.57 2.07 238

Mother of HY* 29y - HAX1 heterozygous 
c.130-131insA (p.W44X)**

7.38 4.75 0.52 1.94 268

Father of HY* 32y - HAX1 heterozygous 
c.130-131insA (p.W44X)**

10.15 5.87 0.70 3.18 287

Mother of RT* 30y - No ELANE*** 10.0 7.3 0.3 2.3 261

Father of RT* 34y - No ELANE*** 14.1 11.3 0.6 2.1 280

Mother of NBÖ* 46y Easy bruising No ELANE*** 4.7 2.8 0.3 1.6 242

Father of NBÖ* 49y - No ELANE*** 5.1 2.3 0.5 2.1 251

Mother of AO 29 Easy bruising NA† 7.9 5.2 0.4 2.2 361

Father of AO 36y Gingival enlargement NA† 8.0 4.8 0.48 2.4 328

Mother of BA 32y - NA† 6.4 4.0 0.4 1.9 366

Father of BA 38y Easy bruising NA† 9.4 6.3 0.6 2.2 248

Mother of AG-
ZG siblings*

23y - NA† 6.7 3.6 0.56 2.24 205

Father of AG-ZG 
siblings*

27y Easy bruising NA† 6.84 3.88 0.57 2.12 227

*Those who could be evaluated for death parameters by flow cytometry, **Peripheral blood cells, ***Peripheral blood cells  and buccal mucosa cells, †NA: Not available.

Supplemental Table 3. The number and percentage of the patients and their parents whose lymphocyte subset levels were below 
and above age matched normal range.

CD3 CD4 CD8 CD4/CD8 NK
Below 
normal 

Above 
normal 

Below 
normal 

Above 
normal 

Below 
normal 

Above 
normal 

Below 
normal 

Above 
normal 

Below 
normal 

Above 
normal 

Patients (n=11)
2 2 1 0 0 3 0 0 4 0 
16.6% 16.6% 8.3% 0% 0% 27.3% 0% 0% 36.4% 0%

Parents (n=13)
0 0 0 0 0 1 0 0 2 0
0% 0% 0% 0% 0% 7.7% 0% 0% 15.4% 0%

Control (n=18)
0 0 0 0 0 3 0 0 1 0
0% 0% 0% 0% 0% 16.7% 0% 0% 5.6% 0%

Supplemental Table 4. In vitro bleeding time of the cases.
Collagen-epinephrin (n=85-157 sn) / (No of cases) Collagen-ADP (n=65-125 sn) / (No of cases)

Patients 150.25+28.89 (n=8) 121.0±22.5 (n=6)
Parents 131.9±35.5 (n=16) 110.3±74.1 (n=8)
Control 129.2+28.8 (n=9) 88.3±12.2
P (Patients-parents) 0.293 0.233
P (Patients-control) 0.293 0.031
P (Parents-control) 0.293 1.000
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Additionally, studies of other colleagues showing enhanced stimulating effect 
of monocyte activation through toll-like receptors on TNF-alpha production 
[12,13], and increased baseline cytokines including TNF-alpha in children with 
congenital neutropenia [14] also draw attention to the role of TNF-alpha and 
other inflammatory cytokines in congenital neutropenia. 

Monocytes are activated by microbial products as well as molecules expressed or 
released by dying or stressed cells through toll-like receptors, interferon gamma, 
Th1 cells or complement fragments [15]; additionally removal mechanisms of 
necrotic and apoptotic cells may overlap [10]. Once activated, macrophages 
secrete TNF-alpha, IL-1, IL-6 and IL-12, the latter of which is also secreted 
by dendritic cells and stimulates IFN-gamma production by NK and T cells 
thereby exacerbating macrophage activation [15,16]. Hence, elevations of pro-
inflammatory cytokines in congenital neutropenia were reported before [11,14]. 

TNF-alpha which is mainly secreted by macrophages is a well known 
cytokine to give rise to apoptosis in neutrophils [17,18], lymphocytes [19,20], 
monocytes [21], and thrombocytes [22] in various conditions like sepsis, HLH 
[23], stroke, and ankylosing spondilitis and secreted mainly by macrophages 
and through TNF alpha and TNFR1 interaction.

Therefore, the factor that stimulates macrophage activation in our 
patients, none of whom had any major infection other than gingivitis 
or aphthous stomatitis at the time of evaluation, seems to be excessive 
apoptosis (thereby secondary necrosis) in the granulocytic lineage due 
to various mutations distrupting normal granulopoiesis. Apoptosis and 
secondary necrosis of other cell lines like lymphocytes and monocytes 
as shown by flow cytometry, and in megakaryocytes as shown by light 
microscopy are thought to be secondary to increased TNF-alpha through 
excessive macrophage activation. 

Text 2

On the other hand, RCS in 25% and 12.5% of the evaluated patients and 
parents, documented by β-gal positivity of leukocytes may be another reason for 
quantitative abnormalities in T lymphocytes. That the patients with low CD3+ 
and CD4+ lymphocytes (sibling patients AG, ZG) were those with β-gal positivity 
of leukocytes showing RCS and with normal NK levels suggests a relationship 
between T-lymphopenia and RCS. Presence of immune activation in our patients 
documented by increased phagocytic activity in their bone marrow suggests 
that continual presence of circulating pro-inflammatory aforementioned factors 
secreted by activated macrophages had kept the immune system in a state of 
chronic low-level activation giving rise to an immunosenescence through loss 
of telomeric DNA with each S phase, and therefore a decline in the absolute 
number of T and B lymphocytes, with no change in overall lymphocyte count 
but a relative increase in NK cells [24] (in our patients we could not evaluate B 
lymphocytes). A set of mediators including inflammatory mediators secreted by 
senescent cells themselves contribute to the chronic inflammation [25] and the 
loss of telomeres. Likewise, a previous study of ours showed RCS (β-gal positivity) 
of leukocytes in active autoimmune disorders [systemic lupus erythematasus 
(SLE), juvenile rhematoid arthritis (JRA), and immune thrombocytopenic purpura 
(ITP)], in all of which pro-inflammatory cytokines are high [26].

Text 3

Dysmegakaryopoiesis and Hemorrhagic Diathesis

In our patients one of the most prominent findings was abnormal 
megakaryopoiesis evidenced by naked megakaryocyte nuclei (NMN), Su
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Supplemental Table 6. Laboratory parameters of the parents.
Family of the patient 
that is examined/
mutation of the 
patient

Parent/molecular genetics Lymphocyte 
subsets in 
comparison to 
age matched 
normal ranges

Dense granule per 
thrombocyte 
(n=2.78-3.82)/
Bleeding time (in vitro) 
(Coll-epi* n=85-157 s; 
Coll-ADP** n= 65-125 s)

Aggregation defect

Family of YF/ 
HAX1 homozygous 
c.130-131insA (p.W44X)

Mother/NA† NK:25-50p 
CD3:25-50p 
CD4:<25p 
CD8:25-50p 
CD4/CD8:25-50p

3.2/coll-epi: 120 s No secondary aggregation with 2 and 6 µM 
ADP; hypoaggregation with epinephrin (10 
µM/mL), normal aggregation with collagen 
(1µg/mL) and ristocetin (1.25 mg/mL)

Father/NA† ND 2.1/coll-epi: 152 s No secondary aggregation with 2 and 6 µM 
ADP; normal aggregation with epinephrin (10 
µM/mL), collagen (1µg/mL), and ristocetin (1.25 
mg/mL)

Family of MNY/AY 
Both HAX1/ 
Homozygous c.130-
131insA (p.W44X)

Mother 
HAX1 heterozygous  c.130-
131insA (p.W44X)***

NK<25p;CD3>75p 
CD4:25-50p 
CD8>75p 
CD4/CD8<25p

4/coll-epi: 154 s ND

Father 
HAX1 heterozygous  c.130-
131insA (p.W44X)***

NK<25p 
CD3:50-75p 
CD4>75p 
CD8<25p 
CD4/CD8>75p

0.23/coll-epi:122 s Secondary aggregation defect and 
and disaggregation with ADP (10 µM), 
hypoaggregation with collagen (2 μg/mL), 
normal aggregation with ristocetin  
(1.25 μg/mL) (epinephrin not available)

Family of MK/ 
HAX1 homozygous 
c.130-131insA (p.W44X)

Father/NA† ND ND/ND Hypoaggregation with ADP (10 µM) and 
collagen (1 µg/mL), normal aggregation with 
ristocetin (1.25 μg/mL)

Family of EÇ/ 
HAX1 homozygous 
c.130-131insA (p.W44X)

Mother 
HAX1 heterozygous  c.130-
131insA***

NK<25p 
CD3>75p 
CD4:50-75p 
CD8:50-75p 
CD4/CD8:50p

3.6/coll-epi:134 s;
Coll-ADP:103 s

Normal aggregation with ADP (10 µM), 
collagen (2 µg/mL), ristocetin (1.25 mg/mL)

Father NA* NK<25p 
CD3:25-50p 
CD4>75p 
CD8<25p 
CD4/CD8>75p

3.5/coll-epi:151; coll-
ADP:80 s

Normal aggregation with ADP (10 µM), 
collagen (2 µg/mL), ristocetin  
(1.25 mg/mL)

Family of HY/ 
HAX1 homozygous 
c.130-131insA (p.W44X)

Mother
HAX1 heterozygous  c.130-
131insA (p.W44X)***

NK<25p 
CD3>75p 
CD4:25-50p 
CD8:25-50p 
CD4/CD8:50p

4.5/coll-epi:76 s;
Coll-ADP:48 s

Secondary aggregation defect and 
disaggregation with ADP (10 µM), normal 
aggregation with collagen (2 µg/mL), ristocetin 
(1.25 mg/mL)

Father
HAX1 heterozygous  c.130-
131insA (p.W44X)***

NK:25-50p 
CD3:50-75p 
CD4:25-50p 
CD8:25-50p 
CD4/CD8:50p

0.9/coll-epi: 166 s; coll-ADP: 
115 s

Secondary aggregation defect and 
disaggregation with ADP (10 µM),  
collagen (2 µg/mL), ristocetin  
(1.25 mg/mL)

Family of OSK/MeK 
G6PC3 homozygous, 
c.194A>C (p.E65A)

Father/NA† ND 2.3/ND Normal aggregation with ADP (2 µM), 
hypoaggregation with epinephrin (10 µM/mL), 
collagen (1µg/mL) and ristocetin (1.25 mg/mL)

Family of the patient 
that is examined/ 
mutation of the patient

Parent/molecular genetics Lymphocyte 
subsets in 
comparison to 
age matched 
normal ranges

Dense granule per 
thrombocyte 
(n=2.78-3.82)/
Bleeding time (in vitro) 
(Coll-epi* n=85-157 s; Coll-
ADP** n=65-125 s)

Aggregation defect

Family of RT/
ELANE 
Heterozygous 
IVS4+5G>A

Mother
No ELANE mutation****

NK<25p 
CD3:50-75p 
CD4>75p 
CD8<25p 
CD4/CD8>75p

3.95/coll-epi: 142 s; coll-
ADP: 96 s

Normal aggregation with ADP  
(2 and 6 µM), epinephrin (10 µM),  
collagen (1 µg/mL), ristocetin (1.25 mg/mL)

Father
No ELANE mutation****

NK<25p 
CD3>75p 
CD4:25-50p 
CD8:50-75p 
CD4/CD8:25-50p

3.26/coll-epi: 107 s; coll-
ADP:65 s

Normal aggregation with ADP  
(2 and 6 µM), epinephrin (10 µM),  
collagen (1 µg/mL), ristocetin (1.25 mg/mL)
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megakaryocyte emperipolesis, megakaryocytes with features 
of apoptosis, paraapoptosis, necrosis, and abnormalities in 
thrombocyte aggregation.

Naked megakaryocyte nuclei form after progressive folding of 
lobulated nucleus itself and then contracting (pyknosis), in order to 
reach the lowest volume that the megakaryocyte can occupy. The 
surrounding small rim of cytoplasm contains no characteristic MK 
granules or demarcation membranes. In physiological conditions, 
NMN are senescent cells which completed thrombocyte shedding and 
are few in normal bone marrow. However, large numbers of NMN in 
the bone marrow, like in myeloproliferative diseases and AIDS show 
defective maturation, a heavy intramedullary premature cell death 
of megakaryocytes and increased megakaryopoies [27, 28].

Emperipolesis [29,30] is a random passage of one cell through 
the cytoplasm of another one with no physiological change in 
neither of them. It is most frequent in megakaryocytes and the 
most engulfed cell types are neutrophils and erythrocytes, as in our 
patients. 

Naked megakaryocyte nuclei [27] and megakaryocytes with 
emperipolesis [29] were shown to display the features of 
paraapoptosis (non classical apoptosis). 

While apoptosis is characterized by margination of condensed 
chromatin, nuclear fragmentation and formation of apoptotic 
bodies, paraapoptosis of megakaryocytes is characterized by 

cytoplasmic vacuolization due to mitochondrial swelling and 
distended demarcation membrane system (DMS), condensed 
nuclear chromatin with no early chromatin margination and no 
surface blebbing and apoptotic body formation. All paraapoptotic 
megakaryocytes were shown to have an intact, thickened peripheral 
zone which seemed to contain no functional cellular material, like 
organelles or DMS and their cytoplasm did not contain thrombocyte 
territories [31], like in our patients. 

Additionally presence of many stage 1 megakaryocytes 
(megakaryoblasts), some of which are aberrantly releasing 
thrombocytes, unlike what is expected, also show 
dysmegakaryopoiesis [32]. 

That presence of nearly no normal megakaryocytes in our patients 
and that nearly all megakaryocytes displayed characteristics of NMN, 
emperipolesis or abnormal morphology like peripheral vacuolization 
(showing non-classical apoptosis: paraapoptosis and directly 
destructed megakaryocytes (showing necrosis) imply defective 
megakaryocyte maturation, a heavy intramedullary premature cell 
death of megakaryocytes and increased megakaryopoiesis.

Defective maturation in megakaryocytes is also expected to be 
due to the increased levels of aforementioned proinflammatory 
cytokines secreted by and after macrophage activation which can 
destroy the bone marrow microenvironment and hematopoietic 
stem cell niches [25] giving rise to hematopoietic stem cell 
dysfunction and dyshematopoiesis and thereby generalized 

Supplemental Table 6. Continued.
Family of the patient 
that is examined/
mutation of the patient

Parent/molecular genetics Lymphocyte 
subsets in 
comparison to 
age matched 
normal ranges

Dense granule per 
thrombocyte 
(n=2.78-3.82)/
Bleeding time (in 
vitro) (Coll-epi* 
n=85-157 s; Coll-
ADP** n=65-125 s)

Aggregation defect

Family of BA  
Unidentified mutation

Father//NA† NK<25p 
CD3:50-75p 
CD4>75p 
CD8<25p 
CD4/CD8>75p

3.5/coll-epi: 97 s No secondary aggregation with 2µM ADP and 
epinephrin (10 µM/mL) but normal aggregation with 6 
µM ADP, collagen (1µg/mL), and ristocetin (1.25 μg/mL)

Family of AG/ZG
Unidentified mutation

Mother//NA† NK<25p 
CD3:50-75p 
CD4>75p 
CD8<25p 
CD4/CD8>75p

0.76/coll-epi: 134s Normal aggregation with ADP  
(2 and 10 µM), collagen (2 µg/mL), ristocetin  
(1.25 mg/mL)

Father//NA† NK<25p 
CD3>75p 
CD4>75p 
CD8<25p 
CD4/CD8>75p

0.98/ coll-epi: 193 s; 
coll-ADP>300 s

Normal aggregation with ADP (10 µM), collagen (2 µg/
mL), ristocetin (1.25 mg/mL)

Family of NBÖ/ 
Heterozygous  
ELANE c.416C>T

Mother
No ELANE mutation***

ND 1.8/coll-epi: 82 s Normal aggregation with ADP  
(2 and 6 µM), epinephrin (10 µM),  
collagen (1 µg/mL), ristocetin (1.25 mg/mL)

Father
No ELANE mutation*** ND

2.0/coll-epi: 91 s No secondary aggregation with ADP (2 µM) but normal 
aggregation with ADP (6 µM), epinephrin (10 µM), 
collagen (1 µg/mL), ristocetin (1.25 mg/mL)

Family of AO  
Unidentified mutation

Mother/NA† ND 0.22/coll-epi: 189 s; 
coll-ADP:103 s

Normal aggregation with ADP (2 and 6 µM), collagen 
(1 µg/mL), ristocetin (1.25 mg/mL). Prolonged lag phase 
with epinephrin (10 µM)

*Collagen-epinephrin cartridge, **Collagen-ADP cartridge, ***Peripheral blood cells, ****Peripheral blood cells and buccal mucosa cells, †NA: not available.
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dysplastic findings of bone marrow cells, as it is for the other bone 
marrow cells. 
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Objective: Cancer cell reprogramming is a potential tool to study 
cancer progression, disease pathology, and drug sensitivity. Prior to 
performing cancer reprogramming studies, it is important to evaluate 
the stemness predisposition of cells that will be reprogrammed. We 
performed a proof-of-concept study with chronic myeloid leukemia 
K562 cells in order to evaluate their tendency for cancer cell 
reprogramming. 

Materials and Methods: Expression of reprogramming factors, 
pluripotency markers, and tumor-suppressor genes was analyzed at 
gene and protein levels via real-time reverse transcription-polymerase 
chain reaction and flow cytometry. Human peripheral blood 
mononuclear cells (PBMCs) were used as a positive control. 

Results: K562 cells were shown to express higher levels of most of the 
reprogramming factors and pluripotency markers. Expression of p53, 
which is one of the main regulators during the generation of induced 
pluripotent stem cells, was found to be lower in K562 cells compared 
to PBMCs, whereas the other tumor-suppressor genes showed higher 
expression levels. 

Conclusion: This study suggested that, similar to healthy human 
PBMCs, K526 cells could be used in cancer cell reprogramming studies. 
Generating induced pluripotent stem cells from leukemia cells could 
help scientists to establish chronic myeloid leukemia models in vitro 
for a better understanding of therapy resistance and development of 
novel therapeutic targets. 

Keywords: Induced pluripotent stem cells, Chronic myeloid leukemia, 
K562, Disease modeling, Cell reprogramming

Amaç: Kanser hücrelerinin yeniden programlanarak hastalık 
modellerinin oluşturulması, hastalığın ilerleyişini, patolojisini ve ilaç 
duyarlılığını incelemek için önemli bir teknolojidir. Kanser hücrelerinde 
yeniden programlama çalışmalarını gerçekleştirmeden önce, hücrelerin 
programlamaya yatkınlığını değerlendirmek önemlidir. Kronik myeloid 
lösemi K562 hücrelerinin kanser programlama çalışmalarında 
kullanılabilirliğini göstermek amacıyla bir kavram kanıtı çalışması 
gerçekleştirdik.

Gereç ve Yöntemler: Yeniden programlama faktörleri, pluripotensi 
belirteçleri ve tümör baskılayıcı genlerin ifadeleri, gerçek zamanlı-
polimeraz zincir reaksiyonu ve akan hücre sitometrisi ile gen ve 
protein seviyelerinde analiz edildi. Programlama çalışmalarında en çok 
kullanılan insan periferik kan mononükleer hücreleri (PBMC) pozitif 
kontrol olarak kullanıldı.

Bulgular: K562 hücrelerinin, yeniden programlama faktörlerini 
ve pluripotency belirteçlerini PBMC hücrelerine göre daha yüksek 
seviyede ifade ettiği gösterilmiştir. Uyarılmış pluripotent kök 
hücrelerinin oluşumu sırasında ana düzenleyicilerden biri olan p53’ün 
ifadesi, K562 hücrelerinde PBMC’ye kıyasla daha düşük bulunurken, 
diğer tümör baskılayıcı genler daha yüksek ifade göstermiştir.

Sonuç: Bu çalışma, sağlıklı insan PBMC’lerine benzer şekilde, K526 
hücrelerinin yeniden programlama çalışmalarında kullanılabileceğini 
göstermiştir. Lösemi kaynaklı uyarılmış pluripotent kök hücreleri 
kullanılarak in vitro ortamda hastalık modellerinin üretilmesi, bilim 
insanlarının ilaç dirençlerini daha iyi anlaması ve yeni tedavi hedefleri 
geliştirilmesi için önemli bir araç olacaktır.

Anahtar Sözcükler: Uyarılmış pluripotent kök hücreler, Kronik 
myeloid lösemi, K562, Hastalık modelleme, Hücre programlama
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Introduction

Since their discovery, induced pluripotent stem cells (iPSCs) 
have been extensively used to model diseases and test drugs 
in vitro [1,2,3,4,5,6]. Hematological disorders including chronic 
myeloid leukemia (CML) have been modeled by various research 
groups [4,7,8]. iPSCs capture the genetic alterations present in 
leukemia cells and their differentiation ability helps scientists to 
understand disease progression and therapy resistance. 

In one of the first such studies, the CML cell line KBM7 was 
reprogrammed towards pluripotency via retroviral vectors 
carrying OKSM (Oct3/4, Klf-4, Sox-2, c-Myc) factors [9]. 
Unlike the untreated cells, the reprogrammed group showed 
resistance to the chemotherapeutic agent imatinib, which is 
an inhibitor of the BCR-ABL oncogene. It was hypothesized 
that the therapeutic agent imatinib targets cells in a specific 
epigenetic differentiated cell state, which can contribute to 
its inability to fully eradicate disease in CML patients [10]. 
Later, Bedel et al. [11] reported that when CD34BCR-ABL+ cells 
from CML patients were reprogrammed, CML-iPSCs lost their 
BCR-ABL dependency and became resistant to tyrosine kinase 
inhibitor therapy. The authors suggested that CML-iPSCs can 
be used to study mechanisms by which leukemic stem cells 
survive to therapy and are a promising tool for testing and 
screening new therapeutic targets reducing leukemic stem 
cell survival [11]. In another CML study, again with the use 
of retroviral vectors, iPSCs were generated from primary 
CML patients’ cells. Although CML-iPSCs were resistant to 
the chemotherapeutic agent imatinib, CML-iPSC-derived 
hematopoietic cells recovered sensitivity to the drug [12]. In 
another study, whole-genome sequencing of CML-derived 
iPSCs revealed genocopying of highly mutated primary 
leukemic cells, which were used to understand the selective 
growth under tyrosine kinase inhibitor therapies [13]. In 
2015, iPSCs were used to identify the leukemia stem cells 
for primitive CML by Suknuntha et al. [14]. Due to the rarity 
of leukemia stem cells within the primitive hematopoietic 
cell compartment, it is difficult to study their contribution. 
By the generation of CML-iPSCs, the authors discovered 
olfactomedin 4 as a novel factor that contributes to the 
survival and growth of somatic lin(-)CD34(+) cells from the 
bone marrow of patients with CML in the chronic phase, but 
not primitive hematopoietic cells from normal bone marrow 
[14]. These contradictory results show that more work is 
needed to model CML. However, as in the reprogramming 
of healthy cells, there are various factors affecting 
reprogramming efficiency, and for this reason, these factors 
should be first determined for leukemia in order to model 
such diseases in vitro.

As can be seen from the above studies, reprogramming cancer 
cells is a potential tool to study cancer progression, disease 

pathology, and drug sensitivity. Prior to performing cancer 
reprogramming studies, it is important to evaluate the stemness 
predisposition of cells that will be reprogrammed [4]. Here, we 
performed a proof-of-concept study with K562 cells in order 
to evaluate their tendency for cancer cell reprogramming. We 
analyzed the endogenous expression of reprogramming and 
pluripotency factors that are known to be important factors 
for cell reprogramming. Furthermore, it is well known that 
the expression of tumor-suppressor genes also determines 
reprogramming efficiency [15]. Therefore, the levels of 
important tumor-suppressor genes were identified in K562 cells. 

Materials and Methods 

Cell Culture

Human CML cell line K562 and human peripheral blood 
mononuclear cells (PBMCs) were obtained from ATCC and Lonza, 
respectively. Cells were cultured in RPMI 1640 supplemented 
with 10% fetal bovine serum, 50 U/mL penicillin, 50 µg/mL 
streptomycin, and 1% L‐glutamine at 37 °C in 5% CO2.

RNA Extraction and Quantitative Real-Time PCR (qRT-PCR)

Cells (1x106 cells) were collected and RNA was extracted with 
the Macherey-Nagel RNA isolation kit. cDNA synthesis from 1 µg 
of RNA sample was performed with the iScript cDNA synthesis 
kit (Bio-Rad) according to the manufacturer’s instructions. Two 
microliters of each cDNA sample were used to perform real-time 
quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR) reactions with iQ SYBR Green SuperMix (Bio-Rad). 
Samples were run on the CFX-96 Connect Real-Time System 
(Bio-Rad) with the following protocol: 95 °C for 3 min, 1 cycle; 
95 °C for 10 s and 60 °C for 30 s, repeated for 40 cycles. GAPDH 
was used as a reference gene and gene expression levels for 
OCT3/4, SOX2, KLF4, CMYC, NANOG, REX, CRIPTO, P53, P21, P16, 
and PRB were normalized to PBMCs.

Flow Cytometry Analysis

Cells (1x106 cells) were collected by centrifugation, washed 
with ice-cold methanol for fixation, and then permeabilized 
with 0.1% Triton-X100 containing 2% bovine serum albumin-
phosphate buffered saline (PBS). Following washing with PBS, 
cells were stained with rabbit anti-Oct3/4, rabbit anti-Nanog, or 
mouse anti-p53 antibodies. Anti-rabbit-AF543 and anti-mouse-
AF488 were used as secondary antibodies. Cells were analyzed 
with a BD Accuri Plus Flow Cytometer (BD). For 10,000 events, 
percentages of positive populations were determined by using 
BD Accuri Plus software (BD).

Statistical Analysis

Triplicates containing required amounts of cells were used 
during analyses. Delta Ct values were used for the statistical 
analysis of RT-PCR results. Statistical analysis was performed 
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by analysis of variance and Tukey’s pairwise comparisons using 
SPSS 16.0 (SPSS Inc.).

Results 

In order to test the tendency of K562 cells towards cell 
reprogramming, we used human PBMCs as a positive control 
because there are studies that have shown successful 
reprogramming with PBMCs [16].

As shown in Figure 1, the reprogramming factors (Oct3/4, Klf2, 
Sox2, cMyc) were all upregulated in K562 cells compared to 
PBMCs (Figure 1A). Significant differences were observed for the 
Klf2, Sox2, and cMyc genes. When the cells were analyzed for 
the expression of pluripotency markers including Nanog, Rex, 
and Cripto via real-time RT-PCR, we observed higher expression 
levels compared to PBMCs (Figure 1B). However, we obtained 
a lower profile when compared to that of the programming 
factors. 

In addition to the programming and pluripotency factors, 
the expression of tumor-suppressor genes determines the 
efficiency of reprogramming [15]. For this reason, we analyzed 
the expression of the P53, P21, P16, and PRB genes and found 

that P53 was downregulated in K562 cells compared to PBMCs, 
whereas the others showed higher expression levels (Figure 2). 

In order to confirm the gene expression data, we performed flow 
cytometric analysis of programming factor Oct3/4, pluripotency 
marker Nanog, and tumor suppressor p53 in PBMCs and K562 
cells. Flow cytometry analyses confirmed the real-time RT-PCR 
data. The percentage of cells positive for Oct3/4 and Nanog 
was increased to 11.7% and 9.5%, respectively (Figure 3). 
When anti-P53 antibodies were used to stain the cells in flow 
cytometry, in contrast to real-time RT-PCR data, there was no 
significant change in the P53-positive cell populations (Figure 
4). This may suggest that even though there was a difference 
at the mRNA level, protein levels do not vary, possibly due to 
posttranscriptional regulation. 

Discussion

It has been previously reported that the expressions of 
reprogramming and pluripotency factors in the starting cells are 
limiting factors in cell reprogramming [4,17]. As shown here, 
higher levels of reprogramming and pluripotent factors at both 
gene and protein levels increase the tendency towards cellular 
reprogramming. On the other hand, expression of tumor-
suppressor genes needs to be controlled during iPSC generation 
[15,18,19]. In this study, we observed downregulation of P53 
mRNA and similar levels of its protein in K562 cells compared 
to PBMCs. However, the overall expressions of other tumor-
suppressor genes can still be limiting factors. Therefore, the 
expression of these genes should be carefully monitored during 
reprogramming. Silencing strategies could be needed to achieve 
efficient reprogramming. Until now, cancer reprogramming 
studies for CML have not focused on the expression of the above 
factors [9,11,13,20,21] and there is no study that has reported 

Figure 2. Gene expression of tumor-suppressor genes. RNA was isolated 
from peripheral blood mononuclear cells (PBMCs) and K562 cells and 
quantitative real-time polymerase chain reaction was performed. Relative 
gene expression was plotted for tumor-suppressor genes. GAPDH was 
used a reference gene and data were normalized to PBMCs. 

*p<0.05 compared to PBMCs. Small graph shows the gene expression profile of 
p53 and p16 in order to better represent the differences. 

Figure 1. Gene expression of reprogramming factors and pluripotency 
markers. RNA was isolated from peripheral blood mononuclear cells 
(PBMCs) and K562 cells and quantitative real-time polymerase chain 
reaction was performed. Relative gene expression was plotted for A) 
reprogramming factors and B) pluripotency markers. GAPDH was used as 
a reference gene and data were normalized to PBMCs. 

*p<0.05 compared to PBMCs.
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the link between these factors and the ease of reprogramming. 
Therefore, this is an important preliminary study that reinforces 
the importance of these factors. 

Screening the levels of reprogramming and pluripotency 
factors has been one of the ways to assess the efficiency of iPSC 
generation [4]. On the other hand, expression of these markers 
has also been linked with multidrug resistance of leukemia cells 
through modulating the ATP-binding-cassette transporters 
(ABC-transporters) [9,21]. For example, the expressions of 
Oct4, Sox2, and Nanog, all of which are studied in the present 
work, have been shown to be upregulated in K562 cells when 
they retain multidrug resistance to doxorubicin [20,22]. 
Therefore, this also suggests that monitoring their expression 
status is a key step in order to model the disease and study 
drug resistance.

In addition to the above factors, there are other factors 
that limit the efficiency of iPSC generation from cancer 
cells. These include the proliferation rate of cancer cells, 
the epigenetic background, long-term culturing conditions 
during reprogramming, the heterogeneity of tumor cells, and 
the presence of cancer stem cells [4]. For example, highly 
proliferating cells will be difficult to reprogram since dividing 
cancer cells and reprogrammed cancer cells will compete in 
culture conditions, which would not allow for ground-state 
pluripotency in the reprogrammed cells [23]. Therefore, future 
studies should monitor the above parameters in detail during 
cell reprogramming of CML. 

Considering PBMC usage as the cell source in reprogramming 
protocols, this proof-of-concept study showed that K526 CML 
cells could also be used in cancer cell reprogramming studies. 
Generating iPSCs from these cell lines could help scientists to 
establish CML models in vitro. This can allow us to study disease 
progression, drug responses, and disease pathology. 

Conclusion

This study suggested that, similar to healthy human PBMCs, 
K526 cells could be used in cancer cell reprogramming studies. 
Generating iPSCs from leukemia cells could help scientists 

Figure 4. Protein expression of tumor-suppressor gene p53. Cells 
were collected by centrifugation, followed by staining for p53. Cells 
were analyzed in a BD Accuri Plus Flow Cytometer (BD). 

PBMC: Peripheral blood mononuclear cell.

Figure 3. Protein expression of reprogramming factor Oct3/4 and 
pluripotency marker Nanog. Cells were collected by centrifugation, 
followed by staining for Oct3/4 and Nanog. Cells were analyzed in a BD 
Accuri Plus Flow Cytometer (BD). 

*p<0.05 compared to peripheral blood mononuclear cells.

PBMC: Peripheral blood mononuclear cell.
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to establish CML models in vitro, better understand disease 
progression, and develop novel therapeutic targets.
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Orak Hücre Hastalığında Plazma İskemi Modifiye Albümin Düzeyleri ve Dinamik Tiyol/
Disülfit Dengesi: Bir Olgu Kontrol Çalışması

Objective: Sickle cell disease (SCD), described as a group of inherited 
blood disorders, affects millions of people throughout the world and 
is particularly common in the southern part of Turkey. We aimed to 
determine the relationship between ischemia-modified albumin (IMA) 
and the dynamic thiol/disulfide balance in SCD.

Materials and Methods: Fifty-four adult SCD patients and 30 healthy 
controls were included in the study. The 54 adult patients included 
30 (56%) males and 24 (44%) females with a mean age of 28.3±8.4 
years (minimum-maximum: 18-46 years). Of the 54 patients, 46 had 
homozygous sickle cell anemia (HbSS) and 8 had sickle/β-thalassemia 
(HbS/β+-thalassemia). Fasting blood samples were collected. After 
centrifugation at 1500×g for 10 min, plasma samples were portioned 
and stored at -80 °C. IMA levels were determined by albumin cobalt 
binding test, a colorimetric method. Total and native thiols and 
disulfide were analyzed with a novel spectrophotometric method. 

Results: We found significantly lower levels of native thiol (-SH) 
(284.0±86.3 µmol/L), disulfide levels (14.6±7 µmol/L), and total thiols 
(-SH + -S-S-) (313.0±89.3 µmol/L) in SCD patients compared to 
healthy controls (respectively 417.0±54.2, 22.7±11.3, and 462.0±58.7 
µmol/L). Plasma albumin levels (34.9±7.9 g/L) were lower and IMA 
levels (13.6±3.1 g/L) were higher in SCD patients compared to controls 
(respectively 43.5±3.1 and 8.4±1.6 g/L). Plasma albumin levels were 
strongly correlated with both plasma native (r=0.853; p=0.0001) and 
total thiols (r=0.866; p=0.0001).

Conclusion: Decreased plasma native and total thiol levels and 
increased IMA levels are related to increased oxidative stress and 
provide an indirect and quick reflection of the oxidative damage in 
SCD patients.

Keywords: Sickle cell disease, Thiol/disulfide homeostasis, Oxidative 
stress, Ischemia-modified albumin

Amaç: Kalıtsal kan hastalıklarının bir grubu olarak tanımlanan orak 
hücre hastalığı (OHH), tüm dünyada milyonlarca insanı etkilemekte 
ve özellikle Türkiye’nin güneyinde yaygın olarak görülmektedir. OHH 
hastalarında, iskemi modifiye albümin (İMA) ve dinamik tiyol/disülfit 
dengesi arasındaki ilişkiyi belirlemeyi amaçladık.

Gereç ve Yöntemler: Çalışmaya, yaş ortalaması 28,3±8,4 (minimum-
maksimum: 18-46) olan 30 (%56) erkek ve 24 (%44) kadın olmak 
üzere 54 yetişkin OHH hastası ve 30 sağlıklı kontrol dahil edildi. Elli 
dört yetişkin OHH hastanın 46’sında homozigot orak hücre anemisi 
(HbSS) ve 8’inde orak/β-talasemi (HbS/β+-talasemi) vardır. Hasta ve 
kontrol gruplarının açlık kan örnekleri toplandı. Plazma örnekleri 
1500×g’de 10 dakika santrifüj edildikten sonra porsiyonlandı ve -80 
°C’de saklandı. İMA seviyeleri, kolorimetrik bir test olan albümin 
kobalt bağlanma testi ile belirlendi. Toplam ve serbest tiyoller ve 
disülfit düzeyleri yeni bir spektrofotmetrik metot ile analiz edildi.

Bulgular: OHH hastalarında sırasıyla serbest tiyol düzeyleri (-SH) 
(284,0±86,3 µmol/L), disülfit seviyeleri (14,6±7 µmol/L) ve total tiyol 
(-SH + -SS-) düzeylerinin sağlıklı kontrollerle karşılaştırıldığında 
anlamlı derecede düşük olduğu bulundu (313,0±89,3 µmol/L) 
(417,0±54,2; 22,7±11,3; 462,0±58,7 µmol/L). OHH hastalarında kontrol 
grubu ile karşılaştırıldığında plazma albümin seviyeleri (34,9±7,9 g/L) 
daha düşük ve İMA düzeyleri (13,6±3,1 g/L) daha yüksek bulundu 
(sırasıyla 43,5±3,1; 8,4±1,6 g/L). Ayrıca, plazma albümin düzeylerinin, 
hem serbest tiyoller (r=0,853; p=0,0001) hem de total tiyoller  
(r=0,866; p=0,0001) ile güçlü bir korelasyona sahip olduğu bulundu.

Sonuç: Azalmış plazma serbest ve total tiyol seviyeleri ve artmış İMA 
seviyeleri, artmış oksidatif stres ile ilişkilidir ve OHH hastalarında 
oksidatif hasarın dolaylı ve hızlı bir yansımasını sağlar.

Anahtar Sözcükler: Orak hücre hastalığı, Tiyol/disülfit dengesi, 
Oksidatif stres, İskemi modifiye albümin 
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Introduction

Sickle cell disease (SCD), described as a group of inherited blood 
disorders, affects millions of people throughout the world and 
is particularly  common in the southern part of Turkey [1]. It 
is characterized by chronic anemia and painful events mainly 
related to tissue and organ damage. The primary cause of 
this disorder is a single DNA base mutation that results in the 
substitution of valine for glutamine at position 6 in the β-globin 
chain of hemoglobin [2]. This single base mutation induces the 
production of abnormal and insoluble hemoglobin S (Hb S), 
which is accumulated especially in anoxic conditions, leading 
to erythrocyte sediments by sickling [3]. Interaction of sickle 
erythrocytes with capillary endothelium initiates ischemic 
end-organ injury via a cascade of thrombotic, inflammatory, 
and oxidative insults that is exacerbated during painful vaso-
occlusive crises [4]. These interact by changing the imbalance 
of reactive oxygen species (ROS) and antioxidants, causing 
oxidative damage to cell structures such as lipids, membranes, 
proteins, and nucleic acids [5]. The imbalance between free 
radicals and antioxidants also affects sulfhydryl groups (-SH) of 
organic sulfur derivatives (thiols, RSH), which are represented by 
serum proteins, mainly albumin [6], and play crucial roles in redox 
homeostasis. The increase in oxidative stress leads to imbalance 
in the reversible formation of dynamic disulfide bonds between 
protein thiol groups [7]. Increasing evidence indicates the vital 
roles of dynamic thiol-disulfide homeostasis in the regulation 
of intracellular enzymatic activity, antioxidant protection, and 
apoptosis, which are related to the pathogenesis of a variety of 
diseases including diabetes mellitus [8], cardiovascular diseases 
[9], and cancer [10]. 

Oxidative stress also causes the reduction of the binding affinity 
of albumin due to free radical damage to the N-terminal of 
albumin molecules [11]. This new chemically changed albumin 
is called ischemia-modified albumin (IMA) and is used as a 
sensitive biochemical marker of ischemia and oxidative stress 
originating as a consequence of tissue hypoxia [12]. IMA has 
been shown to increase in patients with ischemic conditions 
including acute coronary syndrome, stroke, and chronic liver 
diseases [13,14,15].

However, there is no study in the literature evaluating 
dynamic thiol/disulfide hemostasis and IMA levels in patient 
with SCD. In light of those studies that indicated the role of 
increased oxidative stress in SCD, we hypothesized that thiol/
disulfide hemostasis could be related to the pathogenesis of 
the disease. 

In this study, we aimed to evaluate the relationship between IMA 
and the dynamic thiol/disulfide balance in sickle cell patients.

Materials and Methods

Study and Control Groups

Fifty-four SCD patients, including 30 (56%) males and 24 
(44%) females with a mean age of 28.3±8.4 years (minimum-
maximum: 18-46 years), in steady-state condition who applied 
to the hematology department of Mustafa Kemal University 
Hospital, were enrolled in the study. The control group consisted 
of 30 age- and sex-matched healthy subjects. Of the 54 patients, 
46 had homozygous sickle cell anemia (HbSS) and 8 had sickle/
β-thalassemia (HbS/β+-thalassemia).

Informed written consent was obtained from all patients and 
healthy controls. Demographic data were collected from the 
hospital information system. Patients with diabetes mellitus, 
obesity, kidney or liver failure, coronary heart disease, any 
hematologic disorder other than SCD, and malignancy were 
excluded from the study, as were smokers, alcohol drinkers, and 
patients with a recent history of transfusion in the last 3 months. 
The institutional Ethics Committee of Mustafa Kemal University 
approved the study protocol (protocol number: 2016/90).

Specimen Collection 

Fasting venous blood samples were collected into vacutainer 
tubes containing ethylenediaminetetraacetic acid and lithium-
heparin from the sickle cell patients and healthy controls 
and were centrifuged at 1500×g for 10 min within 1 h after 
sampling. After separation, plasma samples were aliquoted for 
albumin, total thiol, native thiol, and IMA measurements and 
stored at -20 °C until the time of assay. 

Measurement of Biochemical Parameters

Chemicals and Devices Used in the Assays

All reagents and chemicals were purchased from Sigma-Aldrich. 
Spectrophotometric analysis was performed with a Shimadzu 
UV-1800 spectrophotometer with a temperature-controlled 
cuvette holder and an automated analyzer (Architect Plus 
C8000, Abbott, USA).

Assay Principle of Thiol/Disulfide Homeostasis Parameters

Native thiol and total thiol levels were assayed with a newly 
developed spectrophotometric method as described previously 
by Erel and Neselioglu [7]. Briefly, disulfide bonds were first 
reduced to form free functional thiol groups using sodium 
borohydride. The unused sodium borohydride reductant was 
removed with formaldehyde to prevent reduction of DTNB 
(5,5’-dithiobis-(2-nitrobenzoic) acid). After the reaction with 
DTNB, the thiol groups including reduced and native thiol 
groups were determined spectrophotometrically at 415 nm. 
Disulfide concentration and disulfide/native thiol percentages 
were calculated with the following formulas:
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Disulfide levels (µmol/L) = (total thiol - native thiol)/2.

Disulfide/native thiol percentage (%) = (disulfide x 100)/native 
thiol.

Since most of the serum thiols are formed by human serum 
albumin thiols (HSA-SH, ~80%), we calculated the adjusted 
total thiol, native thiol, and disulfide levels based on serum 
albumin concentrations from the following formulas: 

Adj. total thiol levels = total thiol (µmol/L)/alb (g/L).

Adj. native thiol levels = native thiol (µmol/L)/alb (g/L).

Adj. disulfide levels = disulfide (µmol/L)/alb (g/L).

Ischemia-Modified Albumin and Plasma Albumin Levels

IMA levels were determined by albumin cobalt binding test, 
a rapid colorimetric method developed by Bar-Or et al. [16]. 
The method is based on the binding ability of reduced cobalt 
ions (Co2+) of HSA due to ischemia. Briefly, a known amount of 
exogenous Co (CoCl2) was added to serum samples. Albumin, 
which is altered as a result of ischemic processes, binds to the 
Co(II) to a far lesser extent and the excess (unbound) amount 
of Co2+ forms a colored complex with dithiothreitol, which is 
measured spectrophotometrically at 480 nm. Plasma albumin 
levels were measured in a calibrated and well-controlled 
autoanalyzer using the bromocresol green method (Architect 
Plus C8000, Abbott, USA).

Statistical Analysis

Analysis of study data was carried out using MedCalc for 
Windows, version 15.8. Data normality was examined with the 
Kolmogorov-Smirnov test. Qualitative data were evaluated using 
the chi-square test and quantitative data were tested utilizing 
the Kruskal-Wallis and Mann-Whitney U tests. Correlations 
were assessed using the Spearman test. Values of p<0.05 were 
regarded as statistically significant.

Results

A total of 54 adult patients, including 30 (56%) males and 24 
(44%) females with a mean age of 28.3±8.4 years (minimum-
maximum: 18-46 years), were included in this study. Of the 54 
patients, 46 had homozygous sickle cell anemia (HbSS) and 8 
had sickle/β-thalassemia (HbS/β+-thalassemia). We found that 
plasma native thiol (-SH) and total thiol levels (-SH + -S-S-) 
were significantly lower in SCD patients (respectively 284±86.3 
µmol/L and 313±89.3 µmol/L) compared to controls (respectively 
417±54.2 µmol/L and 462±58.74 µmol/L). However, plasma 
disulfide (-S-S-) levels were lower in SCD patients compared to 
controls (respectively 14.6±7.0 µmol/L and 22.7±11.3 µmol/L). 
In addition, plasma IMA levels of SCD patients were higher 
than those of controls (respectively 13.6±3.1 g/L and 8.4±1.6 

g/L) (Table 1) and negatively correlated with plasma native thiol  
(r=-0.730; p=0.0001) and total thiol (r=-0.729; p=0.0001)  
(Table 2).

Although plasma albumin levels were within the normal 
reference minimum-maximum (3.4-5.4 g/dL) in the healthy 
controls and SCD patients, levels were found to be significantly 
decreased in SCD patients. Albumin levels strongly correlated 
with both plasma native (r=0.853, p=0.0001) and total thiols 
(r=0.866, p=0.0001) (Table 2). However, after adjusting disulfide 
levels according to the albumin concentrations, no significant 
difference was observed between the patient and control groups. 

Disulfide/native thiol ratios were not significantly different 
between the two groups before or after correction for albumin 
concentrations. Our study demonstrated that IMA levels 
significantly increased in SCD patients compared to healthy 
controls. 

Discussion

There are no other reports in the literature investigating the 
plasma IMA levels and thiol/disulfide balance in patients with 
SCD. These findings provide a context for understanding the 
role of the dynamic thiol/disulfide balance and its relation with 
IMA, an indicator of oxidative stress, in SCD patients. 

Our study demonstrated that IMA levels significantly increased 
and serum native (-SH) and total thiol (-S–S- + -SH) levels 
decreased in SCD patients. Plasma albumin levels were lower 
in SCD patients and significantly correlated with plasma native 
and total thiol levels. The disulfide (-S–S-) levels were lower 
in SCD patients compared to healthy controls. However, there 
was no significant difference observed between the study and 
control groups after adjusting disulfide levels according to 
albumin concentrations.

It is well known that the repeated polymerization of 
deoxygenated HbS, under hypoxic conditions, causes hypoxia, 
increased ROS, and impairment of oxidative balance in patients 
with SCD [17]. In addition, decreasing antioxidant enzyme 
activities (i.e. glutathione peroxidase, catalase, and superoxide 
dismutase) and consumption of non-enzymatic antioxidants 
(i.e. glutathione) exacerbate the oxidative damage [18,19]. 
It has been accepted that -SH groups of sulfur-containing 
proteins are also related to the maintenance of oxidative 
balance and play a critical role in the prevention of oxidative 
stress [20]. Oxidation of free cysteine residues (-SH) leads 
to reversible formation of disulfide bonds (-S-S) between 
thiols and protein thiol groups and abnormal thiol/disulfide 
hemostasis [6]. Therefore, dynamic thiol/disulfide homeostasis 
is being increasingly implicated in many disorders associated 
with ischemia. 
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Intracellular thiols mainly consist of reduced glutathione (GSH), 
a low-molecular-weight thiol (LMWT) [21]. Intra-erythrocyte 
GSH depletion has been shown in many studies and is linked to 
increased oxidative stress in SCD patients [22,23,24,25,26,27]. 
Even though the exact mechanism remains to be elucidated, 
erythrocyte GSH loss is attributed to a variety of factors 
including increased GSH consumption, substrate availability (i.e. 
NADPH), and dysfunctional GSH recycling [28]. In the present 
study we evaluated plasma total thiols and dynamic thiol/
disulfide balance for the first time by a novel method described 
by Erel and Neselioglu [7] in SCD patients.

We found significantly lower levels of plasma native and total 
thiol levels in SCD patients compared to healthy controls 
(Table 1). Plasma albumin levels were also strongly correlated 
with both plasma native (r=0.853, p=0.0001) and total thiols 
(r=0.866, p=0.0001) (Table 2). In a previous study, Ateş et al. 
[29] evaluated serum thiol levels in patients with chronic 
kidney disease (CKD) and speculated that low serum native 
and total thiol levels may have resulted from low serum 
albumin concentration in the CKD patients. In contrast to 
the intracellular environment, in plasma, total thiols are at 
lower concentrations than cells and are mainly formed by 
HSA-SH (~80%) and slightly formed by LMWTs (i.e. cysteine, 
cysteinylglycine, gamma glutamylcysteine, glutathione, and 

homocysteine) [30]. Therefore, we can say that low plasma 
native and total thiols may be attributed to the low albumin 
levels in SCD patients. However, this significant difference 
did not change between the study and control groups after 
normalization of native and total thiol levels according 
to albumin concentrations. This suggests that lower thiol 
levels are related to SCD and cannot be explained simply by 
depletion of albumin levels. Interestingly, for disulfide levels, 
the difference between the two groups was nonsignificant 
after normalization with albumin. This suggests that lower 
disulfide levels (before adjusting for albumin) may be 
explained by decreased albumin levels in the SCD group. 
Two possible processes may contribute to this phenomenon. 
First, HSA-SH, as the most abundant thiol in plasma, has an 
antioxidant role due to its cysteine thiols, which react with 
ROS [30]. In hypoxic conditions, oxidation of thiols with 
oxidants leads mainly to sulfenic acid (HAS-SOH) formation, 
which is an oxidized form of albumin. Sulfenic acid can form 
reversible disulfides or, in the presence of excess oxidants, 
it can be further oxidized to sulfinic (RSO

2H) and sulfonic 
acids (RSO3H), which are irreversible processes. These oxidized 
forms of albumin have relatively short half-lives and are 
swept from the circulation by liver cells [30,31]. We suggest 
that native thiols may change into sulfenic acid forms of 
albumin, rather than disulfide forms, and be picked up by the 
liver continuously. Second, glutathione and other LMWTs are 
necessary for the reduction of oxidized thiol groups. It has 
been shown that they have relatively low concentrations both 
in erythrocytes and plasma [30,32]. We can say that the low 
availability of glutathione and other LMWTs can limit protein 
mixed-disulfide formation. 

IMA (or the albumin cobalt binding test) is used as a novel and 
sensitive marker of ischemia and oxidative stress mainly for 
myocardial infarction and various diseases related to ischemia, 
including peripheral vascular disease, skeletal muscle ischemia, 

Table 2. Correlations among plasma ischemia-modified 
albumin, albumin levels, and thiol/disulfide homeostasis 
parameters in sickle cell disease patients.

Total thiol 
(µmol/L) 

Native thiol 
(µmol/L) 

Disulfide 
(µmol/L) 

  r p r p r p

IMA (g/dL) -0.7 0.0001 -0.7 0.0001 -0.2 0.2400

Albumin (µmol/L) 0.8 0.0001 0.8 0.0001 0.3       0.0660

IMA: Ischemia-modified albumin.

Table 1. Comparison of thiol/disulfide homeostasis parameters and ischemia-modified albumin levels of the study and control 
groups.

SCD (n=54) Controls (n=30)

Variables Mean ± SD Median (min; max) Mean ± SD Median (min; max) p

Total thiol (µmol/L) 313.0±89.3 308.6 (172.3; 620.6) 462.0±58.7 465.4 (325.9; 578.5) 0.0001

Native thiol (µmol/L) 284.0±86.3 275.2 (145.5; 589.2) 417.0±54.2 414.6 (285.7; 498.5) 0.0001

Disulfide (µmol/L) 14.6±7.0 14.5 (2.9; 31.9) 22.7±11.3 25.1 (4.3; 44.5) 0.0006

Adjusted total thiol (µmol/g alb)  9.1±1.4 8.9 (7; 14) 10.6±0.9 10.5 (9; 12) 0.0001

Adjusted native thiol (µmol/g alb)  8.2±1.4 7.9 (6.0; 13.5) 9.6±0.9 9.7 (8; 11) 0.0001

Adjusted disulfide (µmol/g alb) 0.4±0.2 0.4 (0; 1) 0.5±0.3 0.6 (0; 1) 0.0630

Disulfide/native thiol (%) 5.5±2.9 5 (1.7; 10.1) 5.6±2.8 6.2 (1.1; 10.9) 0.8400

Albumin (g/L)  34.9±7.9 36.2 (15; 47) 43.5±3.1 43.8 (33; 48) 0.0001

IMA (g/L)  13.6±3.1 13.1 (10; 20) 8.4±1.6 8.4 (5.4; 13) 0.0001

SD: Standard deviation, IMA: ischemia-modified albumin.
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and diabetes mellitus [33,34,35,36]. SCD causes several harmful 
conditions including sickling, vaso-occlusion, and ischemia-
reperfusion injury, which involve the generation of ROS and 
impairment of oxidative balance. Many studies have shown 
relationships between oxidative stress parameters and SCD 
or other related complications such as acute chest syndrome 
[37] and pulmonary hypertension [38]. In the present study 
we showed for the first time that IMA levels were significantly 
higher in SCD patients. Increased IMA levels can be explained by 
increased ROS production in SCD patients. These data indicate 
that increased oxidative stress and ROS production in SCD can 
play a major role in decreased body thiol reserves and cause 
increased IMA levels. 

Study Limitations

The limitation of our study is that it is a cross-sectional study. 
Further prospective studies are needed to compare the thiol 
balance and IMA levels in patients with vaso-occlusive crises 
and in the steady-state condition. 

Conclusion

Our results support the idea that decreased plasma native 
and total thiol levels are related to increased oxidative 
stress. Impaired thiol balance plays an important role in the 
pathogenesis of SCD. Disulfide levels are also important in 
evaluating thiol hemostasis, but these levels should be adjusted 
according to albumin concentrations because unadjusted 
disulfide levels might give misleading results in patients with 
low albumin levels. In addition, IMA levels are increased by 
excessive ROS production and measuring IMA as a marker in 
plasma samples provides an indirect and quick reflection of the 
oxidative damage in SCD patients.
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Objective: High-doses of melphalan treatment with autologous 
stem cell transplantation in multiple myeloma (MM) remains a major 
treatment modality in suitable patients. A minimal dose of 2x106/kg 
CD34+ cells is preferred to achieve engraftment. Some patients need 
multiple leukapheresis procedures to achieve the necessary number 
of CD34+ cells, but this can cause a high volume of stem cell product 
that cannot be given in a single day. Whether or not the number of 
infusion days affects engraftment has not been studied before. We 
aimed to evaluate the impact of reinfusion of stem cells on multiple 
days on engraftment results. 

Materials and Methods: Demographic features, CD34+ cell doses, 
neutrophil and platelet engraftment days, hospitalization days, and 
number of infusion days of 149 autologous transplantations of 143 
MM patients were evaluated retrospectively.

Results: The data of 143 MM patients who were transplanted were 
analyzed retrospectively. Median age was 55±8.5 (range: 26-70) years 
with a male/female ratio of 91/58. Hospitalization days for all patients 
were 24±6 (range: 14-50) days. Mean CD34+ cell number was (7.5±5.3)
x106/kg (range: 1.5-31x106/kg). CD34+ cells were reinfused in 1 day in 
80.5% (n=120) of the patients, 2 days in 18.2% of the patients (n=27), 
and 3 days in 1.3% of the patients (n=2). For 29 patients, reinfusion 
was applied in more than 1 day because of the high volume of stem 
cell product. We did not see any dimethyl sulfoxide toxicity, cardiac 
arrhythmia, or volume overload complications. Hypertensive attacks 
during infusion were easily controlled by furosemide treatment. In the 
group with multiple infusions, the infused CD34+ cell numbers had a 
mean of (4.8±2.8)x106/kg, and in the single infusion group the mean 
was (8.1±5.5)x106/kg. There were no statistical differences between 
the two groups regarding platelet and neutrophil engraftment days 
(p=0.850, r=0.820 and p=0.500, r=0.440). There was no statistical 
difference between the two groups for hospitalization days (p=0.060, 
r=0.050).

Amaç: Multipl myelom (MM) hastalarında yüksek doz melfalan ve 
otolog kök hücre nakli fit hastalarda hala majör tedavi modalitesidir. 
Yeterli engrafman için en az 2x106/kg CD34+ hücre dozu tercih edilir. 
Bazı hastalar gerekli sayıda CD34+ hücre sayısına ulaşmak için çoklu 
lökoferez prosedürüne ihtiyaç duyarlar, fakat bu tek günde verilemeyen 
yüksek miktarda kök hücre ürününe neden olabilir. İnfüzyon günü 
sayısının engrafmanı etkileyip etkilemediği daha önce çalışılmamıştır. 
Çoklu gün kök hücre reinfüzyonunun engrafman sonuçlarına etkisini 
değerlendirmeyi amaçladık.

Gereç ve Yöntemler: Demografik özellikler, CD34+ hücre dozları, 
nötrofil ve trombosit engrafman günleri, hastanede yatış günleri ile 
143 MM hastasının 149 otolog transplantasyonunun infüzyon gün 
sayısı retrospektif olarak değerlendirildi.

Bulgular: Transplantasyon yapılan 143 MM hastasının verileri 
retrospektif olarak incelendi. Ortalama yaş 55±8,5 idi (en düşük: 
26 - en fazla: 70) ve erkek/kadın oranı 91/58 idi. Tüm hastalar için 
hastanede kalış günleri 24±6 gündü (en düşük: 14 - en fazla: 50). 
Ortalama CD34+ hücre sayısı (7,5±5,3)x106/kg idi (en düşük: 1,5 
x106/kg - en yüksek: 31x106/kg). Hastaların %80,5’inde (n=120) 
tek günde CD34+ hücre reinfüzyon, hastaların %18,2’sinde (n=27) 
2 günde CD34+ hücre reinfüzyon ve hastaların %1,3’ünde (n=2) 3 
günde CD34+ hücre reinfüzyon yapılmıştı. Yirmi dokuz hastada yüksek 
hacimde kök hücre ürünü olması nedeniyle 1 günden fazla reinfüzyon 
uygulandı. Herhangi bir dimetil sülfoksit toksisitesi, kardiyak aritmi 
veya hacim yükü komplikasyonları görmedik. İnfüzyon sırasında 
hipertansif ataklar furosemid tedavisi ile kolayca kontrol altına alındı. 
CD34+ hücre sayıları ortalama çoklu gün reinfüzyonu yapılan grupta 
(4,8±2,8)x106/kg ve tek gün reinfüzyon grubunda ise (8,1±5,5)x106/
kg idi. İki grup arasında trombosit ve nötrofil engrafman günleri 
açısından istatistiksel olarak anlamlı fark yoktu (p=0,850, r=0,820 ve 
p=0,500, r=0,440). İki grup arasında hastanede yatış günleri açısından 
istatistiksel fark yoktu (p=0,060, r=0,050).
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Introduction

Multiple myeloma (MM) is a hematologic malignancy with 
a median age at presentation of 60-65 years [1]. High-
dose melphalan therapy together with autologous stem cell 
transplantation (ASCT) in MM remains a major treatment 
modality in suitable patients [2]. Advanced age is a poor 
prognostic factor in studies using conventional chemotherapy 
even if the biological and clinical features in older MM patients 
are the same as to those of younger patients [3,4]. This procedure 
can be applied safely even in selected patients older than the age 
of 65. The use of peripheral stem cells was found to accelerate 
the speed of hematopoietic recovery, leading to a significant 
decrease in mortality and morbidity. ASCT has been a part of 
myeloma treatment in these patient groups [5,6,7]. Adequate 
collection and application of enough CD34+ hematopoietic 
stem cells are needed for successful transplantation. The 
determination of a suitable  minimum CD34+ cell dose for 
MM patients aged 65 years and older is critical given that the 
median age of diagnosis for MM is generally between 65 and 
70 years of age and many of these patients may be transplant-
eligible [8]. In recent practice, a CD34+ dose of at least 2x106/kg 
is preferred for sufficient neutrophil and platelet engraftment, 
and ≥5x106/kg CD34+ was shown to be related to a shortened 
time to platelet recovery [9,10]. 

The aim of our study was to examine the effect of CD34+ 
reinfusion on multiple days on engraftment results in MM 
patients. We evaluated the demographic features, infused 
CD34+ cell doses, neutrophil and platelet engraftment days, 
hospitalization days, and number of infusion days in 149 ASCTs 
of 143 MM patients retrospectively.

Materials and Methods

Between February 2009 and September 2017, 143 patients with 
MM underwent ASCT at the Dokuz Eylül University Hospital 
Division of Hematology. Data were collected from the electronic 
and patient files of the medical archives retrospectively. Baseline 
patient characteristics are shown in Table 1. All patients were 
suitable for ASCT therapy and had enough stem cell collection. 
However, second ASCTs were planned for six patients due to 
late relapse of the disease. All patients were informed about 
the benefits and risks related to stem cell collection and 
transplantation. The majority of the patients had one or two 
lines of prior chemotherapy (range: 1-3) in the pre-ASCT period 

(vincristine, adriablastin, and dexamethasone [VAD] therapy; 
bortezomib and dexamethasone therapy; or lenalidomide and 
dexamethasone therapy).

Transplant details including mobilizing agents, CD34+ cell 
doses, neutrophil and platelet engraftment days, hospitalization 
days, and number of CD34+ reinfusion days were analyzed. 
The data were examined according to the number of CD34+ 
cell reinfusion days. The neutrophil and platelet engraftment 
days, hospitalization days, and collected CD34+ cell count of 
the patients for whom CD34+ cells had been reinfused in one 
day were compared to those of the patients for whom CD34+ 
cells been reinfused on multiple days. At the time of transplant, 
only 11.4% (n=17) of patients had complete response (CR). 
The majority (n=86, 57.6%) had achieved a very good partial 
response (PR), while 28% (n=42) of the patients had reached 
PR and 3% (n=4) had refractory or progressive disease. Second 
autologous transplantations were planned for six patients 
because of progressive disease.

Peripheral blood stem cells were collected in 1-4 apheresis 
procedures (mean: 1.7), following mobilization regimens. 
We used intravenous cyclophosphamide at 2.4 g/m2 for one 
day with mesna and granulocyte colony-stimulating factor 
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Conclusion: In cases with a high volume of stem cell product to acquire 
adequate  stem cells, reinfusion can be safely applied across multiple 
days without any delay in engraftment.

Keywords: Multiple myeloma, Autologous transplantation, Multiple 
reinfusion days

Sonuç: Yeterli kök hücre elde etmek için yüksek miktarda kök hücre 
toplanması durumunda, engrafmanda herhangi bir gecikme olmaksızın 
reinfüzyon çoklu günde güvenli bir şekilde uygulanabilir.

Anahtar Sözcükler: Multipl myelom, Otolog transplantasyon, Çoklu 
gün reinfüzyon

Table 1. Patients’ characteristics.
  Number 

(n)
%

Patients 143 100

Age, years, median (range) 55 (26-70)  

Sex (male/female) 91/58 61/39

Status at transplantation
CR
VGPR
PR
Progressive/refractory

17
86
42
4

11.3
57.7
28
3

Mobilization regimens
Cyclophosphamide/G-CSF
Plerixafor/G-CSF
G-CSF

133
9
7

89.3
6
4.7

Conditioning
Melphalan, 200 mg/m2

Melphalan, 140 mg/m2

124
25

83.2
16.8

Death 37 24.8

CR: Complete remission, VGPR: very good partial remission, PR: partial remission, 
G-CSF: granulocyte colony-stimulating factor.
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(G-CSF, 5 µg/kg/day subcutaneously) in 133 patients (89.3%), 
G-CSF alone in 7 patients (4.7%), and plerixafor plus G-CSF 
in 9 patients (6%) for mobilization. Apheresis was initiated 
when  the CD34+ cells of peripheral blood samples increased 
to >10 µL. Each sample was tested by flow cytometric analysis 
for the proportion of cells expressing CD34. The minimum 
goal CD34+ stem cell dose as a target for collection was 
>2x106 CD34/kg for all autologous transplantations.

The regimen for conditioning consisted of melphalan for all 
patients. Melphalan was given at a dose of 200 mg/m2 for 
124 patients (83.2%) and at a reduced dose of 140 mg/m2 
for 25 patients (16.8%) due to reduced creatinine clearance  
(<50 mL/min). Patients received G-CSF once a day starting on day 
1 after the infusion of stem cells until the time of engraftment.

Statistical Analysis

Data were entered and analyzed using SPSS 21.0. Descriptive 
statistics were used for baseline characteristics, transplant-
related factors, and posttransplant results. Differences in the 
distribution of variables between patient subsets were analyzed 
using the Pearson chi-square test/correlation test/t-test. All 
statistical analyses were performed at a critical significance 
level of  0.05, and p-values were reported.

Results

We analyzed 149 autologous transplantations of 143 MM 
patients between February 2009 and September 2017 
retrospectively. Mean age was 55±8.5 (range: 26-70) years 
with a 91/58 M/F ratio. There were no significant differences 
in platelet engraftment days, neutrophil engraftment days, 

reinfusion days, hospitalization days, or infused CD34+ dose 
with regards to sex distribution (Table 2).

Patients were separated into two age groups: those aged 
younger than 60 years and those older. There was no significant 
difference between the two groups in terms of platelet and 
neutrophil engraftment days, multiple day reinfusion rate, 
hospitalization days, or infused CD34+ cell dose (Table 3).

When we analyzed all patients, hospitalization days were 24±6 
(range: 14-50). Mean CD34+ cell count was (7.5±5.3)x106/kg 
(range: 1.5-31x106/kg). Platelet engraftment days were 13.9±3 
(range: 9-30) and neutrophil engraftment days were 11.5±1.5 
(range: 8-17).

Higher reinfused CD34+ cell doses were associated with 
faster platelet and neutrophil engraftment (p=0.034 and p= 
0.001). Hospitalization days decreased because of a better 
transplantation outcome with the higher reinfused CD34+ cell 
doses (p=0.001).

CD34+ cells were reinfused in one day in 80.5% of patients 
(n=120), 2 days in 18.2% of patients (n=27), and 3 days in 
1.3% of patients (n=2). For 29 patients, reinfusion was 
performed on more than one day, because of the higher 
volume of stem cell product and according to the tolerability 
of the patients. However, reinfusion of peripheral blood 
mononuclear cells cryopreserved with dimethyl sulfoxide 
(DMSO) can be associated with toxic reactions. We know that 
infusion of product containing more than 1 g/kg of DMSO per 
day can lead to increased DMSO toxicity. As a result, the days 
of reinfusion were determined according to the performance 
status of our patients, the amount of product they had, and 
the amount of DMSO contained in the products. There were 
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Table 2. Results in regards to sex distribution.

  Male Female p-value

Patient number, n/% 91/61 58/39  

Platelet engraftment days 14±3.4 14±3.6 0.700

Neutrophil engraftment days 11.7±1.6 11.3±1.3 0.150

Reinfusion days 1.2±0.4 1.1±0.4 0.330

Infused CD34+ dose (7.5±5.2)x106 CD34/kg (7.4±5.3)x106 CD34/kg 0.800

Hospitalization days 24±5 24±6 0.530

Table 3. Results in regards to age (<60 years and ≥60 years).

  <60 years ≥60 years p-value

Patient number, n/% 91/61 58/39

Platelet engraftment days 14±3.7 13.7±2.9 0.560

Neutrophil engraftment days 11.5±1.4 11.5±1.6 0.900

Reinfusion days 1.1±0.3 1.2±0.4 0.260

Infused CD34+ dose (7.7±5.3)x106 CD34/kg (7.1±5.2)x106 CD34/kg 0.500

Hospitalization days 24±6.4 23.5±4.7 0.310
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also statistical differences between the two groups in terms 
of mobilization days. Mobilization days were found higher 
in the multiple day infusion group than in the single day 
infusion group (2.2 days vs. 1.6 days, p=0.0001). We did not 
see any DMSO toxicity, cardiac arrhythmia, or volume overload 
complications. Hypertensive crisis  was easily controlled by 
diuretic treatment at the during infusion. CD34+ cell levels 
were a mean of (4.8±2.8)x106/kg in the multiple day infusion 
group and (8.2±5.5)x106/kg in the single day infusion group. 
The infused CD34+ cell count was found higher in the single 
day infusion group than in the multiple day infusion group 
(p=0.003). There were no statistical differences between the 
two groups in the case of platelet and neutrophil engraftment 
days (p=0.850, r=0.820 and p=0.500, r=0.420) or hospitalization 
days (p=0.060, r=0.050) (Table 4). 

Discussion

MM is a disease of the elderly. ASCT is an important treatment 
modality in symptomatic myeloma patients. Treatment options 
have expanded in the last decade with novel drugs, but ASCT 
still maintains its place in the treatment of myeloma. We offer 
the results of a retrospective analysis of MM patients with 
autologous transplantation in our center in the last decade. The 
median age was 55 years and there was male dominance in our 
study. The median age was relatively young in our study, similar 
to the study of O’Shea et al. [11].

Recent population-based studies have shown increasing use of 
ASCT in elderly patients with MM [12]. However, different age 
cut-off values of 60 years, 65 years, or 70 years were given that 
estimate survival independently in different studies [13,14].

In our study, ASCT was planned for transplant-eligible 
patients who had adequate stem cell collection. We mostly 
applied cyclophosphamide and G-CSF as the mobilization 
regimen. The target CD34+ stem cell dose for collection was 
>2x106 CD34/kg for each autologous transplantation. The 
mean CD34+ cell number was (7.5±5.3)x106/kg in our study. 
The mean platelet engraftment days were 13.9 and the mean 
neutrophil engraftment days were 11.5 in our study. In other 
studies, the median time to neutrophil engraftment and the 
median time to platelet engraftment were reported as 9-14 
days [15] and 13.5-25 days [16], respectively. The prior studies 
used the total infused CD34+ cells as a predictor of neutrophil 

and platelet engraftment. We also demonstrated a significant 
correlation between the infused CD34+ cell dose and the 
period to platelet engraftment and neutrophil engraftment 
[17,18,19]. 

The collected stem cell product is mostly given as a single day 
infusion, but in some situations, the product can be reinfused 
on multiple days due to patient characteristics or concern about 
complications related to higher volumes. 

We chose multi-day reinfusion to overcome possible 
volume overload in older patients. DMSO toxicity could 
be another problem if the patient is given the infusion in 
a single day. Patients requiring multiple days to collect an 
adequate number of CD34+ cells may be at risk of exposure 
to serious doses of DMSO. Davis et al. [20] suggested that 
toxicities related to the infusion of cryopreserved cells are 
related to the volumes of cryoprotectants, but our study did 
not demonstrate a difference in toxicity with multiple day 
infusions, like the study of Abdel-Razeq et al. [21]. We did not 
see any other toxicity, such as cardiac arrhythmia or volume 
overload complications. We also wondered about the effect 
of multi-day infusion on engraftment. The effect of multi-
day infusion of stem cells on engraftment was evaluated in 
the study of Abdel-Razeq et al. [21], as well. They showed 
there was no effect on engraftment. However, that study 
consisted of a heterogeneous group of patients with non-
Hodgkin lymphoma, Hodgkin lymphoma, and breast cancer, 
and it did not include myeloma patients. There is no other 
study evaluating the effect of multi-day stem cell infusion 
on engraftment in the literature. If we consider all patients in 
our study, there were no statistical differences between the 
two groups (multiple reinfusion days and single reinfusion 
day) regarding platelet and neutrophil engraftment days and 
hospitalization days.

We also observed that multi-day infusion of stem cells due to 
higher volumes was mostly done in patients older than 60 years. 
The ages of these patients were between 26 and 70 years; 39% 
of them were older than 60 years and 61% were younger than 
60. On the other hand, the number of patients older than 65 
years old was found to be 14%. In the Italian Group for Bone 
Marrow Transplantation-Working Group study, age over 65 was 
described as a poor mobilizing factor, like previous cytotoxic 
chemotherapy, radiotherapy, bone marrow involvement, and 
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Table 4. Neutrophil and platelet engraftment days, hospitalization days, and infused CD34+ cell dose according to reinfusion days.

  Multiple infusions group Single infusion group p-value

Patient number, n/% 29/19.5 120/80.5

Platelet engraftment days 14.3±3.2 13.7±3.5 0.850

Neutrophil engraftment days 11.9±1.4 11.5±1.5 0.500

Infused CD34+ dose (4.8±2.8)x106 CD34/kg (7.1±5.2)x106 CD34/kg 0.003

Hospitalization days 26±7 23.5±5 0.060
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platelet count before mobilization [22]. We did not observe any 
problem in the mobilization of myeloma patients regarding age.

In our study, we also compared findings between two age 
groups (<60 years old, ≥60 years old). There were no significant 
differences in platelet engraftment days, neutrophil engraftment 
days, reinfusion days, hospitalization days, or infused CD34+ 
doses in these two groups. However, Sanchez et al. [23] found 
a significant difference in mean hospitalization days (18.6 days 
in older versus 16.8 days in younger patients, p<0.01) and no 
significant difference in hospital mortality between older and 
younger patients.

Conclusion 

In cases with high volumes of stem cell product to acquire 
adequate amounts of stem cells, reinfusion can be safely applied 
across multiple days without any delay in engraftment.
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Objective: Invasive fungal infections (IFIs) are a significant cause 
of morbidity and mortality among neutropenic patients undergoing 
chemotherapy for acute myeloid leukemia (AML) and stem cell 
transplantation. The aim of this study was to evaluate the real-life 
impact of posaconazole prophylaxis.

Materials and Methods: Eighty-four adult patients were included 
with AML under remission induction chemotherapy and posaconazole 
prophylaxis. The 34 patients in the control group did not receive 
primary antifungal prophylaxis. The period between June 2006 and 
January 2009, when antifungal prophylaxis was not administered 
(control group), was retrospectively compared to the period between 
December 2010 and May 2012 when primary oral posaconazole 
prophylaxis was administered in similar conditions (posaconazole 
group) according to the use of antifungal agents for treatment, 
breakthrough infections, galactomannan performance, and the 
necessity for performing bronchoalveolar lavage (BAL) procedures. 

Results: The two groups were compared according to the use of 
antifungal agents; progression to a different antifungal agent was 
found in 34/34 patients (100%) in the control group and in 9/84 
patients (11%) in the posaconazole group (p<0.001). There were four 
breakthrough IFIs (4/84, 4.8%) in the posaconazole group and 34 IFIs 
in the control group (p<0.001). In addition, 15/34 patients (44%) in 
the control group required BAL compared to 11/84 patients (13%) 
in the posaconazole group (p<0.001). Posaconazole treatment was 
discontinued within 7-14 days in 7/84 patients (8.3%) due to poor 
oral compliance related to mucositis after chemotherapy. 

Conclusion: Posaconazole appears to be effective and well-tolerated 
protection against IFIs for AML patients.

Keywords: Acute myeloid leukemia, Invasive fungal infections, 
Antifungal prophylaxis, Posaconazole

Amaç: İnvaziv fungal enfeksiyonlar (İFE) akut myeloid lösemili 
(AML) ve kök hücre nakli yapılan hastalarda önemli bir mortalite ve 
morbidite nedenidir. Bu çalışmanın amacı posakonazol profilaksisinin 
gerçek yaşamdaki etkisini değerlendirmektir.

Gereç ve Yöntemler: AML ve remisyon indüksiyon kemoterapisi alan 
ve posakonazol profilaksisi uygulanan 84 erişkin hasta çalışmaya dahil 
edildi. Kontrol grubunda primer antifungal profilaksi almayan 34 
hasta dahil edildi. Haziran 2006 ile Ocak 2009 tarihleri arası primer 
oral posakonazol profilaksisi almayan (kontrol grubu) ile Aralık 2010 
ile Mayıs 2012 arası primer oral posakonazol profilaksisi (posakonazol 
grubu) uygulanan hastaları geriye dönük olarak; tedavi için 
antifungal ajan kullanımı, tedavi altında (breakthrough) enfeksiyonlar, 
galaktomannan performansı ve bronko-alveolar lavaj (BAL) gerekliliği 
gibi benzer durumlar için karşılaştırdık. 

Bulgular: İki grup antifungal ajan kullanımına göre karşılaştırıldığında 
farklı antifungal ajana geçiş kontrol grubunda 34/34 (%100) idi 
ve posakonazol grubunda bu oran 9/84 (%11) bulundu (p<0,001). 
Posakonazol grubunda 4 tedavi altında (breakthrough) IFE (4/84, 
%4,8) ve kontrol grubunda ise 34 İFE vardı (p<0,001). İlaveten kontrol 
grubunda BAL gereken hasta 15/34 (%44) iken, posakonazol grubunda 
BAL gerekliliği 11/84 (%13) bulundu (p<0,001). Posakonazol tedavisi 
hastaların 7/84’ünde (%8,3) kemoterapi sonrası mukozite bağlı oral 
alım bozukluğu nedeniyle 7-14 gün içinde kesilmişti. 

Sonuç: Posakonazol AML’li hastaların invaziv fungal enfeksiyonlarına 
karşı korumada etkili ve iyi tolere ediliyor görünmektedir. 

Anahtar Sözcükler: Akut myeloid lösemi, İnvaziv fungal enfeksiyonlar, 
Antifungal profilaksi, Posaconazol
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Introduction

Invasive fungal infections (IFIs) are a significant cause of 
morbidity and mortality among neutropenic patients undergoing 
chemotherapy for acute myeloid leukemia (AML) and stem cell 
transplantation. Antifungal prophylaxis is an important aspect 
of treatment because these infections are often difficult to 
diagnose due to their lack of specific clinical features [1,2]. The 
use of mold-specific prophylaxis has increased in recent years, 
particularly in AML patients, because of the high mortality rate 
of IFIs [1,2,3]. Posaconazole has been recommended as the drug 
of choice for AML patients undergoing induction chemotherapy 
based on the results of randomized controlled trials [4,5,6,7,8]. 

The aim of this study was to evaluate the real-life impact 
of posaconazole prophylaxis. Patients under posaconazole 
prophylaxis who were followed from 2010 to 2012 were 
compared with historical control patients without posaconazole 
prophylaxis who were followed from 2006 to 2009 in similar 
conditions according to the use of antifungal agents for 
treatment, breakthrough infections, galactomannan (GM) 
performance, and the requirement for bronchoalveolar lavage 
(BAL) procedures.

Materials and Methods  

A retrospective single-center study on primary prophylaxis with 
posaconazole was conducted in the Department of Hematology 
at the Uludağ University Hospital, a tertiary care hospital with 
900 beds accredited by the Joint Commission International. 
Patients had to meet the following inclusion criteria to be 
eligible for this study: 18 years or older age, AML diagnosis, 
under remission induction or salvage chemotherapy, and under 
treatment at the hospital between December 2010 and May 
2012. There were no patients with myelodysplastic syndrome 
(MDS) in either group. This retrospective study (number 2012-
13/1; 19 June 2012) was approved by the local ethics committee 
for data collection. 

Eighty-four adult patients were included with AML under 
remission induction chemotherapy and posaconazole 
prophylaxis who were followed from December 2010 to May 
2012. In accordance with the indications for high-risk episodes, 
prophylactic treatment was started 24 h after the last day of 
chemotherapy and continued until neutrophil levels recovered 
to >0.5x109/L. Posaconazole (200 mg, oral suspension) was 
given orally three times daily. Thirty-four patients undergoing 
remission induction chemotherapy for AML who were not under 
posaconazole prophylaxis and who were followed from 2006 to 
2009 were included as a control group. The control group did not 
receive any antifungal prophylaxis. The posaconazole-treated 
patients were compared with the control group according to 
the use of antifungal treatment, breakthrough infections, GM 
performance, and the need for BAL. 

In 2008, the Infectious Disease Society of America (IDSA) 
recommended posaconazole for antifungal prophylaxis in 
hematopoietic stem cell transplantation recipients with graft-
versus-host disease and for neutropenic patients with AML or 
MDS [9]. The protocol for treating febrile neutropenia was based 
on the clinical practice guidelines for the use of antimicrobial 
agents in neutropenic patients with cancer that were introduced 
by the IDSA in 2002 and updated in 2010.

According to the National Institute of Allergy and Infectious 
Diseases Mycoses Study Group (EORTC/MSG) criteria, the clinical 
decision to replace prophylaxis with intravenous antifungal 
therapy was based in all cases on an individualized clinical 
judgment. This decision took into account the patient’s general 
condition, the patient’s signs and symptoms, the test results, 
and the patient’s treatment compliance. The incidence and 
reason for early discontinuation of prophylaxis and the cause of 
death were recorded in all applicable cases. 

Aspergillus galactomannan tests (Platelia Aspergillus; Bio-Rad 
Laboratories, Marnes-la-Coquette, France) were performed 
for the BAL and bronchial lavage specimens according to the 
manufacturer’s instructions [10,11]. The patients were followed by 
high-resolution pulmonary computerized tomography (CT), serum 
GM, BAL, and BAL GM during the course of antifungal treatment 
in our clinic to refine the overall treatment strategy. The levels of 
GM in serum were measured twice a week for all of the patients. 
The serum GM test results were available within 2 days and were 
considered to be positive if the optical index was >0.7 in one 
sample or ≥0.5 in two consecutive samples. The BAL results for GM 
were considered to be positive if the BAL GM was ≥1.5. 

A high-resolution pulmonary CT scan was performed between 
days 5 and 7 of febrile neutropenia or in the case of clinical 
deterioration. 

These data were used to direct the treatment strategy and 
guide preemptive antifungal therapy at the study center. 
A multidisciplinary approach was used to make treatment 
decisions; a hematologist, an infectious disease specialist, a 
medical microbiologist, and a pulmonologist were consulted. 
Special attention was given to clinical, radiographic, and 
microbiological signs of infection; the duration of neutropenia; 
and the antimicrobial therapy. There was no difference in the 
daily diagnostic and therapeutic approaches and the physical 
and environmental conditions during the entire period. There 
were no HEPA filters or constructional changes in our inpatient 
clinic in either period. If there was evidence of invasive fungal 
disease, it was classified according to the 2008 revised EORTC/
MSG criteria as ‘possible’, ‘probable’, or ‘proven’ IFI [12,13]. 

Breakthrough IFI was considered if IFI occurred four or more 
days after the initiation of primary antifungal prophylaxis with 
posaconazole [14].  
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Statistical Analysis

Statistical analyses were performed with SPSS 20.0 for Windows 
(IBM Corp., Armonk, NY, USA). The data are expressed as means 
± standard deviation and were compared as follows: continuous 
variables were compared using the Mann-Whitney U test, 
categorical variables were compared using the chi-square test, 
and p<0.05 was considered significant. Data analyses were 
performed using Fisher’s exact test and chi-square analysis. 

Results

The patients’ characteristics are summarized in Table 
1. The average age, distribution of sex, medical history, 
and underlying disease status were similar in the two 
groups. In the posaconazole group, there were 84 patients 
with AML. The median age of the patients was 49.5 
years (min-max: 20-71) and 54% of the patients in the 
posaconazole group were female. Of these 84 patients, 
68 had received remission induction chemotherapy for 
a newly diagnosed disease and 16 had received salvage 
chemotherapy for relapsed disease. The median duration 
of primary posaconazole prophylaxis was 28 days  
(min-max: 7-60) in the posaconazole group and there was 
no toxicity related to posaconazole treatment. Posaconazole 
treatment was discontinued within 7-14 days in seven 
of 84 patients (8.3%) due to poor oral compliance related 
to mucositis after chemotherapy (Table 2). Two of these 
patients developed IFIs (1 possible, 1 probable). In addition 
to that, two patients without mucositis were diagnosed 
with breakthrough IFIs (1 possible, 1 probable) during 
posaconazole prophylaxis and their antifungal treatment was 
changed. There was no breakthrough IFI in 75 patients who 
completed posaconazole prophylaxis. Totally, there were four 

breakthrough infections in the posaconazole prophylaxis 
group (4/84, 4.8%). There were 28 possible and 6 probable 
IFIs in the control patients. 

Antifungal therapy was given to seven of these patients. The 
antifungal drugs used were conventional amphotericin B, 
itraconazole, liposomal amphotericin B, voriconazole, and 
fluconazole (Table 2). Serum GM positivity was detected in 5/84 
patients (6%) in the posaconazole group and in 5/34 patients 
(15%) in the control group (p=0.149). BAL GM positivity was 
detected in 4/15 patients (27%) in the control group and in 6/11 
patients (55%) in the posaconazole group (p=0.227). However, 
15/34 patients (44%) required the BAL procedure in the control 
group and 11/84 patients (13%) required this procedure in the 
posaconazole group (p<0.001).  

There was no mortality within 3 months of the completion of 
chemotherapy cycles among the AML patients with posaconazole 
prophylaxis. However, 18/34 patients (53%) in the control group 
died within 3 months of completion of their chemotherapy 
cycles. The 3-month mortality rate was significantly higher in 
control group (p<0.001).  

Discussion

Antifungal prophylaxis in hematology patients is important and 
reduces the use of antifungal therapy for suspected or proven 
IFIs, total mortality, and fungal infection-related mortality and 
minimizes the costs of management of either suspected or 
proven IFIs [15]. 

This study showed that antifungal prophylaxis with posaconazole 
significantly reduced IFIs and the need for antifungal treatment. 
Several recent studies supported the finding that posaconazole 
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Table 1. Characteristics of the patients and controls.
Patient characteristics Control group Posaconazole group p-value

Period June 2006-January 2009 December 2010-May 2012

AML diagnosis 34 84  

New diagnosis / Relapse 31 (91%)/3 (9%) 68 (81%)/16 (19%) p=0.274

Female / Male 11/23 45/39 p=0.059

Age, median (min-max) 48.5 (24-79) 49.5 (20-71) p=0.863

Remission induction / Salvage chemotherapy 31 (91%)/3 (9%) 68 (81%)/16 (19%) p=0.274

Discontinuation of prophylaxis - 9 (11%) -

Need for antifungal treatment 34/34  9/84 p<0.001

Duration of prophylaxis, days (min-max) - 28 (7-60) -

Duration of neutropenia, days (min-max) 17 (13-25) 20 (14-27) p=0.299

Empirical approach / Preemptive approach   
IFI 

17/17 
34/34

5/4 
4/84

p<0.001
p<0.001

Alive / Exitus 16/18 84/0 p<0.001
Remission induction: 3+7 (idarubicin plus cytarabine), Salvage chemotherapy: etoposide-mitoxantrone-cytarabine.

AML: Acute myeloid leukemia, IFI: invasive fungal infection. 
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prophylaxis reduces the incidence of IFIs and invasive aspergillus 
in patients with AML/MDS or hematopoietic cell transplantation 
recipients when tested against comparable antifungal agents 
[16,17,18]. Prophylactic posaconazole was associated with 
statistically significantly fewer febrile days, shorter duration 
of hospitalization, and longer fungal-free survival; however, 
overall and attributable mortality did not differ [19]. In a study 
of 424 AML or MDS patients by Cho et al. [20], 140 received 
posaconazole and 284 received fluconazole prophylaxis. 
Fungal infection-free survival was significantly higher in the 
posaconazole group (74.7% vs. 87.1%, p=0.028). Investigators 
in Singapore created a network meta-analysis of randomized 
controlled trials evaluating posaconazole, concluding that it 
significantly reduced all-cause deaths compared to a fluconazole 
and itraconazole solution [21]. 

In patients receiving mold-active systemic antifungal prophylaxis 
with posaconazole, breakthrough IFIs occurred in 7.5% of 
patients [22]. Breakthrough infections are a major problem in 
patients receiving long-term prophylaxis [23]. Hoenigl et al. 
[24] proposed that GM testing is a useful diagnostic method 
for diagnosing breakthrough invasive aspergillosis in patients 
receiving mold-active prophylaxis and empirical therapy. 
In the study by Auberger et al. [25], breakthrough IFIs due 
to non-Aspergillus species, especially Mucorales spp., were 
noticed in a considerable proportion of patients at a high risk 

for IFIs receiving posaconazole prophylaxis. Bose et al. [26] 
reported that life-threatening Fusarium spp. infection may 
occur in immunocompromised patients despite prophylactic 
posaconazole. 

It is assumed that azole-resistance could become a major 
problem in the future. Hamprecht et al. reported the first 
culture-proven case of invasive aspergillosis caused by azole-
resistant Aspergillus fumigatus in a patient with AML in 
Germany, and this aspergillosis presented as a breakthrough 
infection under posaconazole prophylaxis [15]. Data from 
previous studies indicated that posaconazole is well tolerated, 
even following long-term administration. Several studies have 
shown that the most commonly reported adverse events were 
fever, nausea, diarrhea, vomiting, and headache [1,4,27,28,29]. 
In our study, posaconazole was discontinued within 7-14 days 
in 9/84 patients (11%) patients due to mucositis and diarrhea 
after chemotherapy. In our experience, prophylactic antifungal 
treatment is infrequently interrupted due to mucositis. 
Girmenia et al. [30] reported that posaconazole suspension 
might be used without the stringent need for monitoring 
plasma posaconazole concentrations in patients without 
diarrhea. 

BAL GM has been recently explored as an additional method 
to diagnose invasive pulmonary aspergillosis. In those studies, 
the sensitivity of detection ranged from 57% to 88% and the 

Table 2. The clinical characteristics of seven patients with mucositis under posaconazole prophylaxis.
Patient Age Sex Disease 

status
GM
positivity

Clinic
status

IPA Antifungal
treatment

IFI Outcome

1 65 M New diagnosis
AML

Serum: -
(GM: -)

Diarrhea, grade 
III-IV
Mucositis

- Conv. Amp-B
(4 days)

Possible Alive

2 44 M New diagnosis
AML

Serum: +
(GM: 1.26)
BAL -
(GM: 0.92)

Mucositis 
Diarrhea

+ Conv. Amp-B
(11 days)

- Alive

3 61 M New diagnosis
AML

Serum: -
(GM: -)

Fever (continued)
Extensive mucositis

- Conv. Amp-B
(8 days)

- Alive

4 43 F Relapsed
AML

Serum: - 
(GM: -)

Fever (20 day)
Diarrhea
Pleural effusion
S. hominis

- Fluconazole
(4 days)

- Alive

5 59 F New diagnosis
AML

Serum: +
(GM: 1.42)
BAL: +
(GM: 2)

Diarrhea, grade III - Itraconazole (1 day)
Liposomal Amp-B (10 days)
Voriconazole (10 days)

Probable Alive

6 41 M Relapsed
AML

Serum: -  
(GM: -)

Diarrhea, grade IV - Fluconazole (16 days) - Alive

7 27 M New diagnosis
AML

Serum: -
(GM: -)

Mucositis - Fluconazole (14 days) - Alive

AML: Acute myeloid leukemia, GM: galactomannan, BAL: bronchoalveolar lavage, IPA: invasive pulmonary aspergillosis, IFI: invasive fungal infection.
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specificity ranged from 87% to 95.8% [31]. In this study, there 
was no difference for serum and BAL GM positivity between 
the two groups. We found similar GM positivity within the 
two groups. We think that the low number of patients in 
the control group could be responsible for this result. On the 
other hand, it was shown that prophylaxis with posaconazole 
negatively affected GM test performance. It was shown that 
the serum GM test was unreliable in asymptomatic patients 
under anti-mold prophylaxis [32,33,34]. Previous exposure to 
antifungal agents should be considered when interpreting GM 
results. 

Study Limitations

The present study has some limitations. First, it is a retrospective 
study. Second, our control group was historical with a small 
sample size of controls, which was not matched numerically 
with the posaconazole prophylaxis group even at the minimum 
required optimal ratio of 1:1 to ensure reliable statistical 
analysis. Third, we did not measure plasma posaconazole levels. 
Finally, our study is a single-center study. In spite of these 
limitations of our study, we think that our results demonstrate 
the advantage of posaconazole prophylaxis in a real-life 
setting.

Conclusion

This study showed that antifungal prophylaxis with a second-
generation azole (posaconazole) can significantly reduce the 
need for antifungal treatment without the risk of increasing 
the rate of adverse events. 
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Chronic basophilic leukemia (CBL) is an extremely rare type of 
leukemia. A literature review revealed six cases reported as primary 
CBL and five patients with secondary CBL. Patients with primary 
CBL may present with symptoms not related to leukemia. Dysplastic 
changes in peripheral blood and bone marrow were described and 
demonstrated in cases of primary and secondary CBL. The literature 
review also revealed that differential counts made by automated 
blood cell counters may not characterize cells as basophils in patients 
with primary and secondary CBL and may mislead physicians in 
making a differential diagnosis. For these reasons, laboratory studies 
for the diagnosis of CBL are required, including metachromatic 
staining by toluidine blue and antigen expressions by flow cytometric 
analysis, to detect the nature of the neoplastic cells as basophils for a 
reliable diagnosis of CBL. The literature review failed to reveal specific 
cytogenetic findings in patients with primary and secondary types of 
CBL.

Keywords: Myelodysplastic syndrome, Dysplasia, Interleukin-6, 
Chronic myeloid leukemia, Chronic basophilic leukemia, Mast cell 
leukemia 

Kronik bazofilik lösemi (KBL) son derece nadir bir lösemi tipidir. 
Literatürün gözden geçirilmesi ile primer KBL olarak altı olgu ve 
sekonder KBL olarak beş olgu rapor edildiği görüldü. Primer KBL’li 
hastalar, lösemi ile ilgili olmayan yakınmalar ile başvurabilirler. Primer 
ve sekonder KBL hastalarının periferal kan ve kemik iliği yaymalarında 
anormal değişiklikler tanımlandı ve gösterildi. Literatür taraması, 
primer ve sekonder KBL hastalarında otomatik kan hücre sayıcıları 
tarafından yapılan ayırıcı sayımların hücreleri bazofil olarak karakterize 
edemeyeceğini ve doktorları ayırıcı tanıda yanıltabileceğini ortaya 
koymuştur. Bu nedenle güvenilir bir KBL tanısı için neoplastik hücre 
türünün bazofil olarak saptanması, toluidine mavisi ile metakromatik 
boyanmayı ve membranlarındaki antijen ekspresyonlarını akım 
sitometrik analizi ile yapan kanıtlayıcı laboratuvar incelemelerini 
gerektirir. Literatürün gözden geçirilmesi primer ve sekonder KBL 
hastalarında özel sitogenetik bulgular olmadığını göstermiştir.

Anahtar Sözcükler: Myelodisplastik sendrom, Displazi, Interleukin-6, 
Kronik myeloid lösemi, Kronik bazofilik lösemi, Mast hücre lösemi 
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PERSPECTIVES IN HEMATOLOGY

Introduction

Basophils are one of the members of granulocytes in the myeloid 
lineage and are formed by proliferation and differentiation of 
committed myeloid progenitors. Basophils in peripheral blood (PB) 
or tissues range in size from 10 to 15 µm and have nuclei that are 
purplish or dark blue and cytoplasmic granules of dark blue to purple 
and even blackish color as seen on Wright-stained PB and bone 
marrow (BM) smears [1]. A review of the international literature 
revealed 6 cases reported as primary chronic basophilic leukemia 
(CBL) [2,3,4] and 5 cases reported as chronic myeloid leukemia 
(CML) with transformation to CBL, as a secondary CBL [5,6,7,8,9]. 
The purpose of this review is to remind readers of the importance 
of diagnostic problems as automated blood cell counters (ABCCs) 
may not characterize cells as basophils in patients with primary 
and secondary CBL, but may simply flag them [3,4,9]. The literature 

review failed to reveal lymphoma or non-hematologic neoplasia 
with transformation to secondary CBL.

Age and sex distribution, splenic size, presenting symptoms, results 
of complete blood counts, and cytogenetic and molecular studies 
in patients with primary and secondary CBL are shown in Table 1 
and Table 2, respectively.

Presenting Symptoms

Presenting symptoms may not be related to leukemia, as in Case #6 
with primary CBL (Table 1). The patient presented with recurrent 
occurrence of febrile episodes and abdominal pain at about 
8-week intervals, associated with simultaneous cyclic oscillation 
in neutrophil leukocyte counts and in the levels of C-reactive 
protein (CRP) when leukocyte counts climbed to the peak level 
and remained with the consumption of analgesics-antipyretics in 
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Table 1. Characteristics of chronic and accelerated phases of primary chronic basophilic leukemia patients [2,3,4,5].

Characteristics Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
(Accelerated 
phase of Case 6)

Age/Sex 30/Male 67/Male 52/Male 32/Male 81/Male 68/Female At the age of 73

Presenting 
symptoms

Polyurea, 
Diabetes 
insipidus,  
Polydisplasia, 
Pituitary 
lesion

Progressive 
fatigue, 
Severe motor 
neuropathy

Progressive 
fatigue,  
Epigastric pain,  
Pruritis 
urticaria, 
Weight loss

Progressive fatigue Decrease 
in appetite, 
Weight loss

Febrile episodes 
occuring with 
8-week intervals 
with abdominal 
pain, Weight loss

Febrile episodes 
when basophil 
count >40x109/L 
with abdominal 
pain

Splenomegaly Absent Marked Absent Marked 3-4 cm Absent 4 cm

Hemoglobin (g/dL) 11.1 12.6 13.2 9.1 10.5 11.2 5.7-7.1

WBC (x109/L) 9.9 9.3 52.0 47.5 50.0 59.1 59-315

Platelet (x109/L) 200 319 227 240 874 226 134-41

BM blast (%) 7 2 8 5 NR <1 6

BM basophil (%) 15 26 20 NR 40 75 51

BM eosinophil (%) 3 3 6 6 15 8.5 13

BM dysplasia Atypical 
mega-
karyocytic 
hyperplasia

Atypical 
mega-
karyocytic 
hyperplasia

Atypical  
mega-
karyocytic 
hyperplasia

Dysmegakaryopoiesis See text See text See text

PB basophil (%) NR NR NR NR 38 70 54-65

PB dysplasia NR NR NR NR See text See text See text

Toluidine blue NP NP NP NP NP Positive Positive

Antigen 
expression by flow 
cytometry

NP NP NP NP CD11a, CD11b, 
CD13, CD18, 
CD33, CD45, 
CD123

CD10 (dim), 
CD11c (dim), 
CD13, CD15, 
CD22 (dim), CD25, 
CD33, CD38, 
CD45, CD123, 
MPO, IgDR

CD10 (dim), CD11c 
(dim), CD13, CD15, 
CD22 (dim), CD25, 
CD33, CD38, 
CD45, CD123, 
MPO, IgDR, CD117

Cytogenetic 
findings

+8, 11q- -7, -7/-4 46, XY 46, XY 46, XY, t(5;12) 
(q31;p13)

47, XX, der(6) 
t(6;?)(q25-27;?) 
+mar(16)

47, XX, der(6) 
t(6;?)(q25-27;?) 
der(17) t(17;?) 
(p13;?) +mar(16)

Molecular genetic 
studies

- - - - Absence of 
JAK2, (V617F) 
mutation, 
BCR/ABL 
rearrange-
ment by PCR

IL-6 gene 
expression 
in neoplastic 
basophils and 
absence of 
JAK2 mutation 
detected by real 
time PCR

Heterozygote 
substitution 
of C1650A>T 
(K550N) on exon 
11, wild type 
sequence on exons 
9, 13, 17. Absence 
of PIF1L1-PDGFRA 
rearrangement

IL-6 (pg/mL) NP NP NP NP NP 15.8 38.5

Tryptase (μg/L) NP NP NP NP NP NP 42.9-51.2

Treatments ALLO-SCT Hydroxyurea 
prednisone

Imatinib ALLO-HSCT Hydroxyurea Hydroxyurea Hydroxyurea,  
Imatinib,  
Etoposide, 
Leukapheresis,  
Prednisone CTX, 
RBC transfusion

Follow-up 
(months)

35, alive 48, dead 2, alive 10, dead 9, dead >50, alive 5, dead

CBL: Chronic basophilic leukemia, WBC: white blood cells, BM: bone marrow, PB: peripheral blood, NR: not recorded, NP: not performed, IL-6: interleukine-6, ALLO-SCT: allogeneic-
human stem cell transplantation, RBC: red blood cells, PCR: polymerase chain reaction.
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2 h. Physicians were misled in making a differential diagnosis of 
familial Mediterranean fever because they relied on differential 
counts made by ABCCs [4]. However, manual differential counts 
made on PB smears during a febrile episode revealed that the ABCCs 
wrongly characterized 70% of basophils as neutrophils; this was 
confirmed by toluidine blue stain and antigen expression by flow 
cytometric analysis. Marked elevation in plasma interleukin-6 (IL-
6) level of 15.8 pg/mL (normal: <5.8 pg/mL) was detected during 
the febrile episode. Real-time polymerase chain reaction showed 
IL-6 gene expression in neoplastic basophils, revealing that IL-6 
was released from neoplastic basophils infiltrating the BM [4] 
(Table 1). IL-6 production and release by normal human basophils 
has not been reported in the literature [10]. 

Values of PB and BM Basophil Percentages in the Diagnosis of CBL 

As shown in Tables 1 and 2, BM basophil percentages of 15%, 
26%, and 20% in 3 of 4 patients with primary CBL were reported 
by Pardanani et al. [2]. These values are almost equal to the 
BM basophil percentage of ≥20% in 11% of 25 patients in the 
accelerated phase of CML reported by Kantarjian et al. [11] and 
also BM basophil percents greater than 1% (range 1 to 27%) in 
34 cases and median 19% (range 14 to 27%) in 6 patients (in 4 
of whom toluidine blue staining was positive) were reported by 
Hoyle et al. [12] in their series of 750 patients with acute myeloid 
leukemia. However, the BM basophil percentages in patients 
reported by Pardanani et al. [2] were markedly lower compared 
to the BM basophil percentages (40%,75%) of two patients in the 
chronic phase [3,4] and the value recorded (51%) in a patient in 
the accelerated phase of primary CBL [5] (Table 1). BM basophil 
percentages of 55%, 51.4%, 63%, 72%, and 66% in six patients with 
secondary CBL were also respectively recorded (Table 2) [6,7,8,9].

Dysplastic Changes in Primary CBL

In Case #5, a patient with primary CBL, dysplasia in the PB smear 
included hypogranular basophils with small and fine granulations 
and nuclear hyperlobation. In the BM smear, an increase in 
cellularity and megakaryocytes and hypogranular, agranular, 
and hypersegmented forms of basophils and eosinophils with 
coarse granulations and nuclear hyperlobation in addition to 
megakaryocytes with many small and hypolobated forms were 
reported [3].

In Case #6, a patient with primary CBL in the chronic phase, 
dysplasia appeared as basophils with coarse basophilic granules, 
occasionally hypersegmented or giant segmented, and band forms 
of basophils in PB smear [4].

In the BM smear, an increase in cellularity, megakaryocytes, 
eosinophils, and prominent basophilic hyperplasia with the 
presence of all stages of maturation that resulted in marked 
neutrophilic suppression and mild suppression in erythroid 
lineages were noted. Three-lineage dysplasia manifested 
as hyposegmented basophils, giant segmented bands, and 
metamyelocyte forms of basophils and hypogranular basophilic 
metamyelocytes were noted. Dysplasia seen in eosinophils 
included binuclear metamyelocyte and myelocyte forms of 

eosinophils and large eosinophilic myelocytes. Occasional 
binuclear (Figure 1A) and multinuclear red cell precursors 
were also noticed. In addition, binuclear agranular immature 
megakaryocytes, mononuclear giant forms of megakaryocytes, 
and megakaryocytes with nuclear hyperlobation were observed. 
Toluidine blue stain showed red (metachromatic) granular 
staining in about 75% of non-erythroid granular cells in the 
marrow fields (Figure 1B).

Dysplastic Changes in the Accelerated Phase of Primary CBL

Clinical and hematologic features of the accelerated phase of 
primary CBL were only observed by Cehreli et al. [5] in their 
patient in the chronic phase of primary CBL (Case #6) after 
53 months of hematologic remission; this is shown as Case #7 
in Table 1. She presented with symptoms of anemia and was 
found to have relapse of her CBL and development of systemic 
mastocytosis (SM) as a secondary neoplasia. Three months 
later, the patient showed a rapid downhill clinical course when 
transformation of primary CBL to the accelerated phase with 
simultaneous occurrence of mast cell leukemia (MCL) was 
detected [5]. She experienced febrile episodes with abdominal 
pain during the accelerated phase of primary CBL with MCL. 
Although mast cells and eosinophils were shown to produce 
IL-6 [10], no febrile episodes were observed despite increases 
in mast cell (MC) counts to 3x109/L and eosinophil counts to 
5.3x109/L unless her basophil counts climbed to >40x109/L when 
prominent elevation in IL-6 level (38.5 pg/mL) was found. In 
a Wright-stained BM smear, basophilic hyperplasia with the 
presence of all stages of maturation that resulted in marked 
suppression in neutrophilic and erythroid lineages in addition to 
aggregates of MCs with a new and undefined MC morphology 
were demonstrated. MCs have round or oval nuclei, one or more 
nucleoli in immature forms, and mixed orange and dark purplish 
to black round cytoplasmic granules (Figure 2A). Tryptase 
immunohistochemical staining of the PB smear showed round, 
brown, granular cytoplasmic staining in the aggregates of the 
cells, confirming that these cells demonstrated tryptase activity 
and represented MCs (Figure 2B), because β-tryptase is a natural 
serine protease and is the most abundant mediator stored in the 
granules of MCs [13]. Three-lineage dysplasia manifested as giant 
hypersegmented basophils, giant binuclear metamyelocytes, 
binuclear hypogranular basophilic metamyelocytes, binuclear 
erythroblasts, and Pelger-Hüet anomalies were noted. 
Additionally, marked pyknosis, manifested as a decrease in both 
cellular and nuclear sizes, resulted in dense chromatin clumping, 
inducing a nuclear appearance that resembled a chromatin mass. 
Pyknotic myelocytes, metamyelocytes, binuclear basophilic 
metamyelocytes, and drum stick-like nuclear sticks in both 
pyknotic eosinophils and basophils were observed (Figure 2A). 
Dysplastic changes in the megakaryocytic lineage were similar 
to those seen in the chronic phase of the patient [4]. 

Marked pyknotic changes in the accelerated phase of primary CBL 
[5] have not been reported in patients with the chronic phase of 
primary CBL [3,4] as well as in patients with the accelerated [5,7,8] 
and chronic phase [9] of secondary CBL in the literature.

Cavit Çehreli, Diagnostic Problems in Chronic Basophilic Leukemia
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Dysplastic Changes in the Chronic and Accelerated Phases of 
Secondary CBL

Case #5 in Table 2 was the only patient in the chronic phase of 
secondary CBL presenting with dysplasia. Diagnosis of CML may 
possibly be made when transformation of CML to CBL occurs; in 
this case, the patient had marked basophilia with the presence of 
40% and 66% basophils in PB and BM, respectively, and antigen 
expressions by flow cytometric analysis revealed the nature of 
cells as basophils. Dysplasia included cytoplasmic hypogranulation 
or agranulation and nuclear hypersegmentation, eosinophils 
with abnormal granulation and nuclear hyperlobation, and 
dyserythropoiesis [9]. No dysplastic findings have been reported in 
patients in the accelerated phase of secondary CBL [6,7,8] (Table 2).

Confirmatory Laboratory Studies

Both basophils and MCs have electron-dense cytoplasmic granules 
and produce numerous mediators such as histamine common to 
both cells. They also both show metachromatic staining with 
basic dyes, toluidine blue, and Alcian blue [1]. Toluidine blue stain 
showed a red (metachromatic) granular cytoplasmic staining in 
both basophils and MCs (Figure 1B) [4,5,14,15]. Peroxidase stain 
showed black granular cytoplasmic staining in basophils, but MCs 
do not contain myeloperoxidase and showed negative activity 
by peroxidase stain (Figure 2C) [16]. Flow cytometric analysis of 
mononuclear cells (MNCs) of the BM using monoclonal antibodies 
against the following antigens in Cases #6 and #7 showed that 
antigen expressions were positive for CD10 (dim), CD11c (dim), 
CD13, CD15, CD22 (dim), CD25, CD33, CD38, CD45, CD123, 

Table 2. Characteristics of secondary chronic basophilic leukemia patients reported in the literature [6,7,8,9].

Characteristics Case 1 Case 2 Case 3 Case 4 Case 5

Age/Sex 45/Male 57/Female 61/Male 49/Male 45/Male

Phase of CBL Accelerated Accelerated Accelerated Accelerated Chronic

Presenting symptoms Fatigue,  
Gas,  
Fullness

Tiredness,  
Weight loss,  
Abdominal pain,   
Night sweats

Fatigue,  
Productive cough

Weakness,  
Myalgia,  
Intermittent fever

Fatigue,   
Weight loss

Splenomegaly Massive Massive Massive NR 3-4 cm

Hemoglobin (g/dL) 7.7 7.7 6.7 9.1 5.1

WBC (x109/L) 223 190 175 42 173

Platelet (x109/L) 16 162 NR 12 NR

BM blasts (%) 11 5.8 NR 7 9

BM basophils (%) 55.2 51.4 63 72 66

BM eosinophils (%) 2 5 NR NR 8

BM dysplasia NR NR NR Large basophilic granules See text

BM cellularity and 
findings

Hypercellular,  
BDSM

Hypercellular,  
BDSM

Increased, 
BDSM

90-100%,   
BDSM

Hypercellular

PB basophils (%) 75 71 NR 90 40

PB dysplasia NR NR NR NR NR

Toluidine blue NP NP Metachromatic staining Metachromatic staining NP

Antigen expression by 
flow cytometry

NP NP NP NP CD11b, CD13, CD33, CD34, 
CD117, CD123, HLA.DR, 
CD45, CD7 (aberrant)

Cytogenetic findings Insufficient 
analysis

Insufficient 
analysis

[46, XY, t(8;21), t(9;22)/48, 
XY, +8, t(8;21), t(9;22) 
+Ph’/49, XY, +8, t(8;21), 
t(9;22), 9q+, +Ph’]

Diagnosis CML Ph’ t(9;22),  
Diagnosis of CBL, extra 
chromosomes (8, 10, 17, X)

46, XY, t(9;22)

Interval between CML 
and CBL (months)

12 31 4.5 48 -

Treatments Busulfan,  
Supportive 
care

Busulfan,  
Splenic 
irradiation,  
Supportive care

Hydroxyurea, +3 cycles 
CHOP

ALLO-HSCT Resistant to Gleevec, 
aggressive treatment

Follow-up (months) 3, dead 1, dead 4, dead Died after ALLO-HSCT NR

CBL: Chronic basophilic leukemia, WBC: white blood cells, BM: bone marrow, PB: peripheral blood, NR: not recorded, NP: not performed, ALLO-HSCT: allogeneic-human stem cell 
transplantation, BDSM: basophils at different stages of maturation, CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone.
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immunoglobulin D (IgD) receptor, and myeloperoxidase and 
negative for HLA-DR, CD7, CD34, CD71, and CD117 with aberrant 
expression of CD10 [17,18], thus revealing that the neoplastic cells 
were basophils.

Expression of the IgD receptor on normal basophils was 
demonstrated by Chen and Cerutti [19] and was also shown on 
neoplastic basophils by Cehreli et al. [4,5].

Importance of Confirmatory Laboratory Studies for the Diagnosis 
of CBL

Tang et al. [3] and Vaidya et al. [9] reported that automated 
hematology analyzers did not characterize cells as basophils, 
but simply flagged them. Flow cytometric immunophenotyping 
became particularly important in confirming the nature of cells 
as basophils [9]. Cehreli et al. [4,5] reported that ABCCs, even 
with advanced technology, wrongly characterized basophils as 
neutrophils, misleading physicians in making differential diagnosis 
when the physicians relied on differential counts made by ABCCs. 
These reported observations suggest that manual differential 
counts should be seen before making a decision for diagnosis and 
also confirmed by metachromatic staining with toluidine blue stain 
in PB or BM smears and antigen expressions by flow cytometric 
analysis in BM MNCs to make an accurate diagnosis of CBL. The 
authors also proposed that neoplastic basophils with coarse, dark 
purple basophilic granules as demonstrated in Figure 1A may 
possibly mimic neutrophils with toxic granules [5]. Neutrophils 
usually contain light purplish-blue fine granules on Wright-stained 
PB smears (Figure 1A). Interestingly, in 1932, Kugel and Rosenthal 
[20] found that during bacterial infections fine neutrophilic 
granules are replaced by large, dark, irregular basophilic granules, 
which are called toxic granules, compared to the fine granules of 
the neutrophils.

Oscillation in Leukocyte Counts

Similar to cyclic oscillations in leukocyte (neutrophil) counts 
reported in patients with CML [21,22], cyclic oscillations in basophil 
counts with simultaneous elevations in CRP levels and association 
with febrile episodes were only demonstrated by Cehreli et al. [5] 
in patients with primary CBL [4], but not reported in patients with 
primary [3] and secondary CBL [6,7,8,9].

Literature findings reveal that the diagnosis of CBL is mainly based 
on basophil morphology and increase in PB and BM basophil 
percentages. The literature also suggests that higher BM and 
PB basophil percentages are required to establish a satisfactory 
morphologic diagnosis of CBL. Based on the reported literature 
findings [2,3,4,5,6,7,8,9], diagnostic criteria for CBL as shown in 
Table 3 can be proposed.

Differential Diagnosis

The presence of an increase in megakaryocytes with atypical 
megakaryocytic hyperplasia and BM basophil percentages of 
less than 40% in 3 of four patients (Cases #1-3), the absence 
of diagnostic confirmatory laboratory studies (Table 1), and an 
abnormal pattern of perivascular atypical MC infiltration detected 
by tryptase immunohistochemical staining (Cases #2 and #4) 
suggesting concurrent MC disease were reported as primary CBL by 
Pardanani et al. [2]. These findings created diagnostic problems in 
classifying the cases as primary CBL as described by Pardanani et al. 
[2] because according to the proposed diagnostic criteria for CBL 
(Table 3) BM basophil percentages were less than ≥40%, increased 
megakaryocytes with dysplasia have been described in patients with 
essential thrombocythemia and chronic idiopathic myelofibrosis 
[23], and presence of abnormal pattern of perivascular atypical MC 
infiltration detected by tryptase immunohistochemical staining in 
the BM biopsy is one of the diagnostic criteria for SM [24]. 

Figure 1. A) Showing hyposegmented basophils (1, 2, 6), binuclear erythroblast (3), giant forms of basophilic bands (4, 5), large 
eosinophilic myelocyte (7), erythroblast with dysplastic nucleus (8), giant basophilic hypogranular metamyelocyte (9), giant binuclear 
basophilic metamyelocyte (10), basophilic myelocyte (11), neutrophilic band (12), segmented neutrophil (13) in chronic phase of primary 
chronic basophilic leukemia (Wright’s stain, 100x); B) Demonstrating red color (metachromatic) granular cytoplasmic staining in 70% 
nucleated cells of the bone marrow (toluidine blue stain, 100x). 

Cavit Çehreli, Diagnostic Problems in Chronic Basophilic Leukemia
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Dysplastic changes described in two patients in the chronic phase 
of primary CBL [3,4] and in a patient in the accelerated phase of 
primary CBL [5] (Table 1) in addition to a patient in the chronic 
phase of secondary CBL [9] (Table 2) were not specific for CBL and 
have been described in patients with myelodysplastic syndrome 
(MDS) [25,26]. In MDS, dysplastic changes are accompanied by 
specific cytogenetic abnormalities [25], whereas cytogenetic studies 
specific for primary and secondary CBL have not been reported in 
the literature [2,3,4,5,6,7,8,9]. Additionally, laboratory studies with 
metachromatic staining by toluidine blue stain in both primary and 
secondary CBL [4,5,7,8] and antigen expressions detected by flow 
cytometric analysis in both primary and secondary CBL [3,4,5,9] 
are confirmatory for diagnosis of CBL (Tables 1 and 2), but have 
no diagnostic value in patients with MDS [25,26]. Patients in the 
chronic and accelerated phases of CML associated with both PB 

Table 3. Proposed diagnostic criteria for chronic basophilic 
leukemia.
  Diagnostic criteria

CBL - Hypercellularity of bone marrow,  
- Increase in megakaryocytes, 
- Eosinophilia, 
- Blasts <10%,   
- BM and PB basophils ≥40%, 
- Prominent basophilic hyperplasia with presence 
of all stages of maturation that result in moderate 
to marked suppression in neutrophilic lineage

Primary CBL  No previous hematologic neoplasia

Secondary CBL  Known previous hematologic neoplasia
CBL: Chronic basophilic leukemia, BM: bone marrow, PB: peripheral blood.

Cavit Çehreli, Diagnostic Problems in Chronic Basophilic Leukemia

Figure 2. A) Demonstrating hypersegmented basophil (1), basophilic myelocyte (2), giant binuclear basophilic metamyelocyte (3), 
pyknotic eosinophil and basophil with drum-stick like nuclear sticks (4, 10), normal basophilic metamyelocyte (6), pyknotic myelocyte, 
metamyelocytes, binuclear basophilic metamyelocyte and basophilic myelocyte (5, 7, 11, 12, 16), agranular and hypogranular 
metamyelocyte (8, 9), binuclear hypogranular metamyelocyte (13), basophilic myelocyte (14), Pelger-Hüet anomaly (15) and aggregates 
of mast cells having mixed orange and dark purplish to black color round cytoplasmic granules (17) in accelerated phase of primary 
chronic basophilic leukemia with mast cell leukemia (Wright’s stain, 100x); B) Showing tryptase activity in the round, brown color 
of cytoplasmic granules of mast cells demonstrated by immunohistochemical staining for tryptase. (tryptase immunohistochemical 
staining, 100x); C) Demonstrating black granular cytoplasmic staining by peroxidase stain in myeloperoxidase-positive basophils and 
absence of staining in aggregates of cells representing myeloperoxidase-negative mast cells in the bone marrow (peroxidase stain, 100x).     
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and BM basophil percentages of ≥40% [6,7,8,9], patients with 
autoinflammatory diseases manifesting with recurrent attacks 
of fever and abdominal pain [27] and additionaly, chronic 
myeloproliferative disorders [28], mastocytosis variants [29], 
Castleman’s disease [30] and the possibility of underlying CBL [4,5] 
should be considered in the differential diagnosis in the patients 
presented with progressive leukocytosis associated with eosinophilia 
and elevations in IL-6 and CRP levels.

Conclusion

ABCCs may not characterize cells as basophils in patients with 
primary and secondary CBL [3,4,5,9] and may mislead physicians in 
making a differential diagnosis [4]. The new generation of blood cell 
counters could be designed to contain toluidine blue stain for the 
detection of neoplastic basophils, and MCs with atypical or new MC 
morphology will be beneficial in leading physicians to make a reliable 
differential diagnosis, like ABCCs containing methylene blue stain for 
reticulocyte counts. Diagnosis, treatment, and follow-up should be 
performed with the guidance of manual differential counts in cases 
of primary and secondary CBL. The frequency and type of dysplastic 
changes [3,4] observed, especially during the accelerated phase of 
primary CBL [5] (Figures 1 and 2), are comparable to those seen 
in patients with MDS and may create problems in the differential 
diagnosis of MDS [25,26].
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Objective: We aimed to find the incidence and risk factors of 
hematologic adverse effects of piperacillin-tazobactam (TZP).

Materials and Methods: Adult patients who used TZP for more than 
10 days were included in the study.

Results: The incidence of leukopenia, neutropenia, and eosinophilia 
in 110 TZP therapy episodes was found to be 16.3%, 10%, and 10%, 
respectively. Lower Charlson Comorbidity Index score, lower initial 
leukocyte count, combination of TZP with another antibiotic, and total 
duration of TZP therapy were found to be independent risk factors for 
leukopenia, while initial higher eosinophil count (IHEC) and usage of 
TZP for >20 days were independent risk factors for neutropenia and 
IHEC and total duration of TZP therapy were independent risk factors 
for eosinophilia.

Conclusion: Longer duration of therapy, combination with other 
antibiotics, younger age with fewer comorbidities, and IHEC could 
result in hematologic adverse effects in patients treated with TZP. 
Patients with IHEC may be more prone to allergic reactions, so 
immunological mechanisms may facilitate the development of 
hematological adverse effects of TZP.

Keywords: Neutropenia, Leukopenia, Eosinophilia, Piperacillin-
tazobactam, Adverse effects

Amaç: Piperasilin-tazobaktamın (TZP) hematolojik istenmeyen etki 
insidansını ve risk faktörlerini bulmayı amaçladık.

Gereç ve Yöntemler: On günden uzun süre TZP kullanan erişkin 
hastalar çalışmaya dahil edildi.

Bulgular: Yüz on tedavi epizodunda lökopeni, nötropeni ve eozinofili 
insidansları sırasıyla %16,3, %10 ve %10 olarak bulundu. Charlson’ın 
Komorbidite İndeksi’nin düşük olması, başlangıç lökosit sayısının 
düşük olması, TZP ile başka antibiyotiğin kombine kullanılması ve 
TZP’nin toplam tedavi süresi; başlangıç eozinofil sayısının yüksek 
olması (BESYO) ve 20 günden uzun süreli TZP kullanımı; BESYO ve 
TZP’nin toplam tedavi süresi sırasıyla lökopeni, nötropeni ve eozinofili 
için bağımsız risk faktörleri olarak bulundu.

Sonuç: TZP ile tedavi edilen hastaların tedavi süresinin uzun 
olması, kombine antibiyotik tedavisi almaları, daha genç yaşta daha 
az komorbiditelerinin olması ve BESYO hematolojik istenmeyen 
etkilerin gelişmesine neden olabilir. BESYO olması hastaların alerjik 
reaksiyonlara daha yatkın olmasına neden olabilir, bu nedenle 
immünolojik mekanizmalar TZP kullanımıyla hematolojik istenmeyen 
etkilerin gelişmesini kolaylaştırabilir.

Anahtar Sözcükler: Nötropeni, Lökopeni, Eozinofili, Piperasilin-
tazobaktam, İstenmeyen etkiler
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Introduction

Piperacillin-tazobactam (TZP) is a broad-spectrum semisynthetic 
antibiotic. It has increased activity against  Pseudomonas 
aeruginosa  when compared with other penicillins [1]. 
It is commonly used in nosocomial infections and many 
other conditions that require broad-spectrum antibiotics, 
such as febrile neutropenia. Adverse effects of TZP include 

hypersensitivity reactions and gastrointestinal, renal, and 
hematologic effects. Although the most frequently reported 
hematologic adverse effect of TZP is reversible neutropenia, 
Coombs-positive hemolytic anemia and thrombocytopenia 
are also reported [1,2]. After the observation of fever and 
neutropenia in some patients who received prolonged TZP 
therapy, we aimed to identify the incidence and risk factors for 
the development of these adverse effects.
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Materials and Methods

Patient Selection 

Adult patients (aged >18 years) who were given original TZP for 
more than 10 days at our faculty from January 2013 to December 
2014 were included in the study. Usual adult doses were used 
and TZP was adjusted to renal function if necessary. Patients 
with HIV infection and hematologic malignancy,  patients 
with leukopenia and neutropenia, and patients using systemic 
steroid therapy or chemotherapy within the last 3 months 
were excluded from the study. If the duration between two 
episodes of TZP therapy exceeded 1 month, those episodes were 
evaluated separately.

Data Collection 

Patient information was recorded on previously prepared forms by 
reviewing medical records. The Charlson Comorbidity Index (CCI) 
was calculated for all patients.

Definitions 

Leukopenia was defined as absolute leukocyte count of <4000 
cells/mm3. Anemia was defined as hemoglobin level of <13.5 
g/dL in males or <12 g/dL in females, or a decline of 2 g/dL 
in patients with low hemoglobin levels at the beginning of 
therapy. Thrombocytopenia was defined as absolute platelet 
count of <150,000 cells/mm3, neutropenia was defined as 
absolute neutrophil count of <2000 cells/mm3, eosinophilia was 
defined as absolute eosinophil count of ≥500 cells/mm3, and 
hypereosinophilia was defined as absolute eosinophil count of 
≥1500 cells/mm3.

Statistical Analysis 

Statistical analyses were performed using SPSS 21 (IBM Corp., 
Armonk, NY, USA). The univariate analyses were investigated 
using chi-square tests, Fisher’s exact test, Student’s t-test, and 
Mann-Whitney U tests as appropriate. For multivariate analysis, 
the possible factors identified with univariate analyses were 
further entered into logistic regression analysis to determine 
independent risk factors for leukopenia, neutropenia, and 
eosinophilia. Hosmer-Lemeshow goodness-of-fit statistics were 
used to assess model fit and p<0.05 was considered statistically 
significant.

Results

One hundred and ten  TZP therapy episodes of  102 patients 
were included in the study. The epidemiological, clinical, 
and laboratory  data of the patients are  given in  Table 
1. Total TZP dose and duration of TZP therapy had no significant 
effect  on the development of  anemia  or  thrombocytopenia. 
However, they were detected as significant risk factors for the 

development of  leukopenia  (16.3%), neutropenia  (10%), and 
eosinophilia (10%).

Drug fever appeared in five of the 11 neutropenic patients 
and in six of the 18 patients with leukopenia who were 
afebrile beforehand. All of the patients were alive until the 
end of TZP therapy. Therapy was continued with another 
antibiotic in 8 patients with leukopenia and in 5 patients with 
neutropenia. Body mass index was normal in all patients who 
developed leukopenia and neutropenia.

Characteristics of patients and statistical analysis with and 
without leukopenia, neutropenia, and eosinophilia during TZP 
therapy are given in Table 2. In multivariate analysis, lower 
CCI score, lower initial blood leukocyte count, combination 
of TZP with another antibiotic, and total duration of TZP 
therapy were found to be independent risk factors for 
leukopenia; initial higher blood eosinophil count (IHEC) 
and use of TZP for >20 days were found to be independent 
risk factors for neutropenia; and IHEC and total duration of 
TZP therapy were found to be independent risk factors for 
eosinophilia. The characteristics of leukopenia, neutropenia, 
and eosinophilia episodes are given separately in Tables 3, 4, 
and 5, respectively.

Table 1. Characteristics of patients within 110 therapy 
episodes.

Characteristic Number (%)

Female sex, n (%) 47 (42.7)

Mean age (years), mean ± SD 59.5±16

Charlson Comorbidity Index, mean ± SD 4.07±2.19

Reason for piperacillin-tazobactam usage

Lower respiratory tract infections, n (%) 60 (54.5)

Bone and joint infections, n (%) 26 (23.6)

Skin and soft tissue infections, n (%) 18 (16.3)

Other infections, n (%) 6 (5.4)

Mean duration of therapy (days), mean ± SD (total) 21±14

Mean dose of therapy (g), mean ± SD (total) 244±149

Combination antibiotic therapy with, n (%) 63 (57.2)

Ciprofloxacin 37 (58.7)

Glycopeptides 17 (26.9)

Others  9 (14.2)

Leukopenia developed during treatment, n (%) 18 (16.3)

Neutropenia developed during treatment, n (%) 11 (10)

Eosinophilia developed during treatment, n (%) 11 (10)

Hypereosinophilia developed during treatment n (%) 1 (0.9)

Anemia developed during treatment, n (%) 21 (19)

Thrombocytopenia developed during treatment, n (%) 7 (6.3)

SD: Standard deviation.
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Discussion

The incidence of leukopenia and neutropenia in patients treated 
with TZP for more than 10 days were found to be 16.3% and 10% 
respectively in our study. Incidence of neutropenia was found between 
0.04% and 34% in previous studies [3,4,5]. The difference between 
neutropenia incidences may have resulted from the definitions of 
neutropenia, duration of TZP therapy, and study design. The total dose 
and duration of TZP therapy were also found to be the most frequently 
determined risk factors in the development of these adverse effects in 
previous studies [4,5,6]. The mechanisms and causes of TZP-induced 
leukopenia or neutropenia have not been clearly determined. It has 
been shown that TZP causes reversible proliferation arrest in myeloid 
cells with cumulative doses [7,8,9]. 

Duration of TZP therapy was detected as a significant risk factor for 
the development of leukopenia (21 days), neutropenia (19 days), and 
eosinophilia (13 days) in our study. Also in a study of  41 patients 
with bone-related infections, neutropenia developed in patients who 
used TZP for more than 18 days [4]. In another study that compared 
risks of neutropenia in patients treated with either TZP or ticarcillin-
clavulanate, the risk of neutropenia was higher when children were 
treated with TZP than with ticarcillin-clavulanate  and use of TZP 
for more than 2 weeks was found to be related to increased risk of 
neutropenia [5].

In some studies patients who developed neutropenia were 
found to be younger, as in our study [4,9].  However, these 
studies  could not  explain  the mechanism  behind this. We could 
find no other study identifying lower CCI as a risk factor for 
developing leukopenia or neutropenia during TZP therapy in 
adult patients. This situation  could be explained by the role 
of  immunological mechanisms in the hematologic adverse effects 
of TZP. Hypersensitivity responses against antimicrobial agents may 
be more effective in younger patients with better  immune systems 
and no comorbid conditions. Additionally, we found IHEC as another 
independent risk factor for the development of neutropenia with TZP 
therapy. Patients with higher eosinophil counts were probably allergic 
to something previously and could be more prone to allergic reactions 
to antibiotics such as TZP as well; this could also be the reason for 
neutropenia and leukopenia. In another study, immunoglobulin G 
antibodies directed against penicillins and neutrophils were described 
and the authors concluded that an immune-mediated pathogenesis 
was highly probable in developing neutropenia with penicillin use 
[10].

Combination antibiotic therapy was found to be a risk factor for 
the development of leukopenia but not neutropenia in our study, 
and it was found as a risk factor also in developing neutropenia 
in another study [4].  Although the hematologic  adverse effects 
of  ciprofloxacin, which was the agent most frequently combined 
with TZP in our study,  are  mild  and  rarely  seen  [11],  bone marrow 
suppression associated with ciprofloxacin use was shown. Combination 
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antibiotic therapy with TZP should be limited to patients with 
severe life-threatening Pseudomonas aeruginosa infections and 
especially those with immunocompromising conditions because 
of the increased rate of adverse effects, including leukopenia, 
and the lack of evidence of either improved efficacy or decreased 
resistance [12].

Study Limitations

Our study is novel in several ways: it includes the largest patient 
sample among studies on the same subject, we evaluated the 
hematologic adverse effects of TZP as a whole, and finally 
we analyzed the independent risk factors for development of 
leukopenia, neutropenia, and eosinophilia.

Table 3. Characteristics of the 18 episodes of leukopenia.

Sex Age, year Time to onset of leukopenia, day Total dose, g Initial leukocytes count, 
x109/L

Nadir of leukocytes count, 
x109/L

F 34 15 180 11.7 2.7

F 76 17 204 5.7 3.7

M 47 10 120 8.9 3.4

F 70 8 96 7.2 3.2

M 46 30 360 13.8 3.2

F 40 15 180 9.8 2.6

M 30 25 300 8.0 3.9

M 69 21 252 7.3 3.2

M 73 21 252 11.8 3.4

M 63 33 396 11.9 3.1

F 60 20 240 6.6 3.4

M 70 29 348 5.2 3.8

M 69 40 480 4.8 3.9

M 22 14 168 6.9 3.1

M 51 20 240 8.0 2.3

M 60 20 240 6.9 3.9

M 32 23 276 6.4 3.8

F
Mean ± SD

18
51.66±18.72

21
21.22±8.04

252
254.66±96.48

15.9
8.71±3.12

3.9
3.36±0.48

SD: Standard deviation, M: male, F: female.

Table 4. Characteristics of the 11 episodes of neutropenia.

Sex Age, year Time to onset of 
neutropenia, day

Total dose, g Initial neutrophils count, 
x109/L

Nadir of neutrophiles count, 
x109/L

M 60 25 300 9.9 0.8

M 47 10 120 6.4 0.5

F 70 8 96 6.2 1.4

M 46 30 360 10.5 1.1

M 73 23 276 9.4 1.2

M 63 24 288 8.1 0.8

F 60 20 240 4.3 1.9

M 51 21 252 3.7 1.3

M 60 23 276 4.5 1.9

F 18 21 252 11.0 1.6

F 19 6 72 9.7 1.5

Mean ± SD 51.54±18.39 19.18±7.7 230.18 ±92.45 7.6±2.68 1.27±0.45

SD: Standard deviation, M: male, F: female.

Benli A, et al: Piperacillin-Tazobactam Myelosuppression



295

Turk J Hematol 2018;35:290-295

Conclusion

It should be kept in mind that if TZP therapy is extended for 
more than 2-3 weeks, a patient could develop leukopenia, 
neutropenia, or eosinophilia, especially in cases of combination 
antibiotic therapy and in younger patients with fewer 
comorbidities. Although the consequences of TZP-induced 
hematologic adverse effects were not devastating, duration of 
hospital stay after the beginning of TZP was longer in patients 
with leukopenia and neutropenia. Therefore, younger patients 
with fewer comorbidities and patients with IHEC should 
particularly be monitored more frequently with complete blood 
counts. Although combination antibiotic therapy was not 
found as a risk factor for neutropenia, it was a risk factor for 
leukopenia and should be avoided unless necessary.
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Table 5. Characteristics of the 11 episodes of eosinophilia.

Sex Age, year Time to onset 
of eosinophilia, 
day

Total dose, g Initial eosinophils count, 
x109/L

Nadir of eosinophils count, 
x109/L

F 58 1 12 0.3 0.6

M 74 4 24 0.4 0.9

M 65 31 372 0.1 2

F 52 32 384 0.218 1.62

M 30 3 36 0.1 0.7

M 42 7 42 0.748 0.577

M 53 28 336 0.1 1.4

M 74 29 348 0.2 0.5

F 18 3 36 0.126 0.8

M 50 7 84 0.5 0.6

M 76 5 60 0.2 0.5

Mean ± SD 53.81±15.59 13.63±13.12 157.63±161.93 0.272±0.204 0.927±0.512

SD: Standard deviation, M: male, F: female.
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A 14-year-old boy was referred to the neuromuscular clinic 
for the investigation of hyperCKemia (serum creatinine kinase: 
4000 IU/L; normal range: 0-170), detected during laboratory 
examinations. He was the first child of consanguineous parents. 
His psychomotor development was normal and he had no past 
symptoms of a neuromuscular disease. Detailed history taking 
did not reveal any signs of involuntary movements, bradykinesia, 
or social problems. Neurologic examination showed normal 
muscle power in the upper and lower extremities and no signs 
of muscle atrophy. Deep tendon reflexes could not be elicited. 

Nerve conduction studies were normal but electromyography 
revealed combined neurogenic and myogenic potentials in the 
lower extremity muscles. A muscle biopsy did not show any 
pathology and was interpreted as normal. Targeted customized 
Mendeliome panel [1] next-generation sequencing revealed a 
homozygous splice site mutation in the vacuolar protein sorting-
associated protein (VPS13A), NM_015186.3, c.6095+1G>C.

HyperCKemia is a condition characterized by elevated 
levels of the enzyme creatinine kinase in the blood. Chorea-

Figure 1. Peripheral blood smear of the patient showing acanthocytosis.
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acanthocytosis is an autosomal recessive disease caused by 
mutations in the VPS13A gene, which encodes the protein 
chorein. The disease is characterized by chorea, dystonias mainly 
involving the face, parkinsonism, vocal tics, epilepsy, social 
disinhibition, and distal muscle wasting. The mean age of onset 
is 35 years [2]. Neuropsychiatric symptoms are also common 
and may precede movement disorders. Acanthocytes usually 
constitute 5% to 50% of circulating red blood cells. They may 
also be absent or may appear late in the course of the disease 
[3]. Most patients have elevated serum creatinine kinase levels 
but the cause of this creatinine kinase elevation is unknown. 
Nerve conduction studies may be normal, but may show 
sensory axonal neuropathy in some cases. Electromyography 
may show myogenic or neurogenic potentials. Retrospectively, 
after the genetic diagnosis, we could confirm the presence 
of acanthocytes (Figure 1). Our patient had no neurological 
complaints and no neurological abnormalities. Thus, peripheral 
blood smears may give important diagnostic clues in cases 
of idiopathic hyperCKemia. Whole exome sequencing is 
also a preferable diagnostic modality in cases of idiopathic 
hyperCKemia, but there are challenges in the counseling of 
the family in a clinically asymptomatic case in the context of a 
progressive neurologic disorder.
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A 66-year-old female patient presented with a 9-month 
history of abdominal colic and fatigue that prompted an 
abdominal computed tomography scan and gastrointestinal 
endoscopy with negative assessments. The hemoglobin 
level was 72-81 g/L with an increase in serum ferroprotein. 
Bone marrow (Figure 1A) and peripheral blood smears 
(Figure 1B) revealed extensive erythrocytes with coarse 
basophilic stippling. It was suggested that there may have 
been an accumulation of heavy metal in her body. The level 
of lead in her blood and urine was increased to 1036 µg/L 
(permissible: <400 µg/L [1]) and 246 µg/L (permissible: <70 
µg/L [1]), respectively. Her blood mercury level was below the 

permissible level (permissible: <15 µg/L [2]). Therefore, she 
was initially diagnosed with chronic lead poisoning. Further 
history revealed that she had been taking an adulterated 
dietary supplement called “Fengwangjiang” from unverified 
sources for more than the past 1 year. Bone marrow smears 
showed 4+ iron stores (Figure 1C) and ring sideroblasts (Figure 
1D), indicating ineffective heme synthesis. She complied with 
the doctor’s order to stop taking the dietary supplement and 
received lead-chelation therapy during hospitalization, and 
her symptoms improved. Basophilic stippling provides a clue 
to the underlying diagnosis and an understanding of the 
underlying pathogenesis.

Figure 1. (A) Bone marrow smears and (B) peripheral blood smears revealing extensive erythrocytes of coarse basophilic stippling (1000x, 
Wright-Giemsa stain). Bone marrow smears showed 4+ iron stores (C) and ring sideroblasts (D) (1000x, iron stain).
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LETTERS TO THE EDITOR

Sheffield Teaching Hospitals, Royal Hallamshire Hospital, Academic Department of Gastroenterology, Sheffield, England
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Herediter Hemorajik Telenjiektazi Hastalarında İnce Barsak Endoskopisinin Önemi

The Impact of Small Bowel Endoscopy in Patients with Hereditary 
Hemorrhagic Telangiectasia

To the Editor,

We have read with interest the article entitled “Thalidomide 
for the Management of Bleeding Episodes in Patients with 
Hereditary Hemorrhagic Telangiectasia: Effects on Epistaxis 
Severity Score and Quality of Life” [1].

This article highlights the use of thalidomide in the management 
of patients with hereditary hemorrhagic telangiectasia (HHT) 
who present with epistaxis. The prevalence of HHT is thought to 
be between 1.5 and 2 cases per 10,000 people [2]. HHT can be 
associated with other bleeding complications such as bleeding 
from the gastrointestinal tract and in particular the small bowel 
(SB). The existence of small bowel angioectasias (SBAs) has 
been reported to vary between 56% and 91% in the literature 
[3,4,5,6]. The study by Ingrosso et al. [6] also reported that 
patients with SBAs were considerably older.

We carried out a study at our tertiary center for the 
management of patients with HHT where 10 patients (60% 
males) with genetically confirmed HHT were referred for the 
management of gastrointestinal-related complications. The 
impact of small bowel capsule endoscopy (SBCE) and double 
balloon enteroscopy (DBE) was evaluated. The mean age at first 
SB endoscopy was 62.6±14.4 years (mean ± standard deviation).

Patients had a total of 39 gastroscopies, 16 colonoscopies, and 6 
push enteroscopies. Seven patients underwent SBCE: 6 (85.7%) 
had proximal, 1 (11.1%) had mid, and 3 (33.3%) had distal SBAs. 
Two patients had a colon capsule that showed angioectasias.

Several DBEs were carried out for 6 patients (median 4; SD ±6) 
with a mean of 130.5±133.3 days between DBEs. Fifty-seven SBAs 
were treated with argon plasma coagulation (APC) on average at 
each DBE. These procedures take an average of 75 minutes. Mean 
hemoglobin before and after the procedure was 9.8 and 10.2 g/
dL, respectively (p=0.1). Six patients were transfusion-dependent 
initially but 4 improved following intervention.

Need for transfusion resolved in 1 patient when started 
on lanreotide (a long-acting somatostatin analog), regular 

endoscopy, and APC, and in 2 patients upon starting DBEs 
and APC. One patient passed away from pneumonia. Another 
patient was switched unsuccessfully from octreotide to 
lanreotide. She stopped being transfusion-dependent with 
regular gastroscopies and APC. Another patient was unwilling 
to undergo further endoscopies due to multiple comorbidities. 
He improved on lanreotide. In 2 patients, anemia remains 
persistently problematic. One of them is also on dalteparin 
for superior mesenteric venous thrombosis. The other patient 
has recurrent epistaxis, which makes it harder for him to have 
further endoscopies. 

SBCE is a useful screening tool in patients with HHT to assess SBAs. 
Although classed as invasive endoscopy, DBEs and APC can have 
a significant impact on mortality and quality of life in patients 
with HHT. Pharmacotherapy such as somatostatin analogs can 
additionally help to improve transfusion requirements. They 
have a good safety profile [7], unlike thalidomide, which can 
result in teratogenicity [8], peripheral neuropathy (50%) [9], 
and thromboembolism [10]. 
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Interleukin-2-330T/G and Interleukin-10-1082A/G Genetic 
Polymorphisms and B-Cell Non-Hodgkin Lymphoma
İnterlökin-2-330T/G ve İnterlökin-10-1082A/G Genetik Polimorfizmi ve B-Hücreli Non-
Hodgkin Lenfoma

 Beuy Joob1,  Viroj Wiwanitkit2

1Sanitation 1 Medical Academic Center, Bangkok, Thailand
2Honorary professor, Dr DY Patil University, Pune, India

To the Editor, 

We read the publication “Association of Interleukin-2-330T/G 
and Interleukin-10-1082A/G Genetic Polymorphisms with B-Cell 
Non-Hodgkin Lymphoma (B-NHL) in a Cohort of Egyptians” 
with great interest [1]. Abdel Rahman et al. [1] concluded 
that “The present study highlights the possible involvement 
of the [interleukin (IL)] IL-2-330T/G genetic polymorphism 
in the susceptibility to [B-NHL] B-NHL in Egypt, especially 
indolent subtypes. Moreover, IL-10-1082A/G is not a molecular 
susceptibility marker for B-NHL in Egyptians” [1]. In fact, the 
role of polymorphism of IL is widely mentioned in relationship 
to NHL susceptibility [2]. We agree with the observation of 
Abdel Rahman et al. [1]. The differences of the effects of IL-
2-330T/G and IL-10-1082A/G can be explained by molecular 
quantum calculations of molecular weight changes. This is the 

same phenomenon as seen in other polymorphisms and it can 
affect the clinical appearance of many medical disorders, such 
as the effect of CTLA-4 A49G polymorphism on autoimmune 
blood disease [3]. For IL-2-330T/G and IL-10-1082A/G, the 
change of molecular weight is equal to -107.07 and +16 per 
molecule, respectively. This means that a molecule with IL-
2-330T/G requires more molecular mass and a molecule with 
IL-10-1082A/G requires less molecular mass to complete a 
biological process compared to a naïve molecule.
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On Being a “Physician Patient” with His Own Experimental 
Therapeutic Drug
Deneysel Tedavi Edici İlaç ile “Doktor Hasta” Birlikteliği Üzerine
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Hacettepe University Faculty of Medicine, Department of Hematology, Ankara, Turkey

To the Editor,

We have read with great interest the paper by Patıroğlu et al. 
[1] on the mucosal healing effects of Ankaferd BloodStopper 
(ABS), recently published in this journal. They suggested that 
ABS could be effective for the management of chemotherapy-
induced mucositis. We would like to share our own experience 
with ABS on the burn-induced skin wounds of a patient.

The patient herein is a physician and the senior author of this 
paper (İ.C.H.). He is also the mentor of the first author (R.Ç.). The 
experimental therapeutic drug is ABS, which was developed as a 
medicine with numerous clinical studies (https://www.ncbi.nlm.
nih.gov/m/pubmed/?term=ankaferd), mostly authored by İ.C.H. 
himself. ABS is the first topical hemostatic agent acting on red 
blood cells and fibrinogen gamma interactions to be tested 
in clinical trials [2]. ABS is a drug officially approved for the 
management of clinical hemorrhages in Turkey [3]. However, 
ABS has never been used in humans for the therapy of burns 
until İ.C.H. had his left forearm severely burned by a boiling tea 
kettle. In his physical examination, the burnt areas had acutely 
developed heavy erythematous lesions, which then complicated 
into several bullous lesions.

At the time of the burn accident, ABS for burn wound 
management had only been demonstrated in rats [4,5]. The burns 
were induced in Wistar albino rats by Kaya et al. [4] they showed 
that ABS decreases the inflammation and wound diameters and 
increases the wound contraction and tissue fibrosis in rats with 
burn injuries. The results of another rat study demonstrated 

that ABS has a positive effect on second-degree thermal burn 
healing [6]. 

The emergency state of the severe burn lesions and the 
availability of ABS at the time of the accident enabled us to 
apply it topically to the burn lesions of İ.C.H. The burn lesions 
were clearly regressed and wound healing occurred with no 
complications upon the usage of ABS in our physician patient 
(Figure 1).

In the history of medical science, there are many inventors 
that applied their own therapeutic tools for the management 
of their own diseases, such as Dr. Barry J. Marshall. He drank 
Helicobacter pylori bacteria himself and developed stomach 
ulcers within a few days. He later successfully treated himself 
with antibiotics and went on to win the Nobel Prize [7].  
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Figure 1. The senior author’s burn wounds before and after 
treatment with Ankaferd BloodStopper.

https://orcid.org/0000-0001-5687-8531
https://orcid.org/0000-0003-2020-2745


303

LETTERS TO THE EDITORTurk J Hematol 2018;35:300-314

The conclusions that were drawn from our unique clinical story 
are as follows:

- Medical inventors and researchers are enthusiastic for the use 
of their experimental drugs in clinical situations.

- The weakest aspect of evidence-based medicine is the ‘lack 
of evidence’ in the related particular clinical problem. This 
represents a great challenge, particularly for real-life medical 
emergencies.

- Sometimes medical doctors have to make clinical decisions 
despite the lack of solid scientific evidence in the presence of 
urgent medical needs.

- Rat and animal studies may be the only source of evidence for 
human use in some medical emergencies. 

- Nevertheless, the best clinical practice should rely on the 
best current evidence obtained through randomized controlled 
clinical trials.

Keywords: Ankaferd, Burn, Physician patient, Mucosal healing

Anahtar Sözcükler: Ankaferd, Yanık, Doktor hasta, Mukozal 
iyileşme 

Informed Consent: Informed consent was obtained from the 
patient included in the study.

Conflict of Interest: No benefits in any form have been received 
or will be received from a commercial party related directly or 
indirectly to the subject of this article.

References
1. Patıroğlu T, Şahin NE, Ünal E, Kendirci M, Karakükcü M, Özdemir MA. 

Effectiveness of Ankaferd BloodStopper in prophylaxis and treatment of 
oral mucositis in childhood cancers evaluated with plasma citrulline levels. 
Turk J Hematol 2018;35:85-86.

2. Haznedaroglu BZ, Beyazit Y, Walker SL, Haznedaroglu IC. Pleiotropic cellular, 
hemostatic, and biological actions of Ankaferd hemostat. Crit Rev Oncol 
Hematol 2012;83:21-34.

3. Gorgulu S, Norgaz T, Sipahi I. Ankaferd blood stopper as a new strategy 
to avoid early complications after transradial procedures: a randomized 
clinical trial. J Interv Cardiol 2018;31:511-517.

4. Kaya H, Gokdemir MT, Sogut O, Demir T, Koçarslan S. Effects of folk 
medicinal plant extract Ankaferd Blood Stopper on burn wound healing. 
Acta Medica Mediterr 2013;29:497-502.

5. Akalin C, Kuru S, Barlas AM, Kismet K, Kaptanoglu B, Demir A, Astarci HM, 
Ustun H, Ertas E. Beneficial effects of Ankaferd Blood Stopper on dermal 
wound healing: an experimental study. Int Wound J 2014;11:64-68.

6. Ozcan E, Senol S, Tokgoz Y, Kuloglu T. The regenerative effects of 
hemostatic plant extract in second degree burn wound. Ulutas Med J 
2017;3:78-84.

7. Marshall BJ. The 1995 Albert Lasker Medical Research Award. 
Helicobacter pylori: the etiologic agent for peptic ulcer. JAMA 
1995;274:1064-1066.

Hematology Laboratory Survey
Hematoloji Laboratuvar Anketi

 Rujittika Mungmunpuntipantip1,  Viroj Wiwanitkit2

126 Medical Center, Clinic of Hematology, Bangkok, Thailand
2Dr. DY Patil University, Pune, India

To the Editor, 

We read the publication “Results of the Hematology Laboratory 
Survey: What Has Changed in Eight Years?” with great interest. 
Kozanoğlu et al. [1] noted that “Hematology laboratories have 
not been defined in the Turkish Medical Laboratories Regulation 
(2010, 2013), which regulates procedures and principles 
regarding the planning, licensing, opening, regulating, 
classifying, monitoring, controlling, and terminating of 
activities of medical laboratories”. We would like to share ideas 
from our country in Indochina. In Thailand, there is no isolated 

hematology laboratory. All clinical hematology investigation 
is performed by a standard clinical laboratory medicine center 
[2]. Routine laboratory survey and quality surveillance for 
accreditation is the basic requirement. This might be a good 
way for quality control of laboratory processes. Indeed, there 
is a need for clinical pathologists or clinical hematologists for 
the management of a hematology laboratory. This is necessary 
for the assurance of the quality of laboratory diagnoses. The 
concept of isolated hematology and combination with other 
clinical laboratories in a single laboratory medicine unit is an 
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interesting topic for further discussion of the advantages and 
disadvantages.

Keywords: Hematology, Laboratory, Survey

Anahtar Sözcükler: Hematoloji, Laboratuvar, Anket
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Reply to the Authors

To the Editor,

We read the letter from Mungmunpuntipantip and Wiwanitkit regarding our publication on “Results of the Hematology Laboratory 
Survey: What Has Changed in Eight Years?”

First of all, we would like to thank the authors, that they have shared their experiences and ideas from their country. We understood 
that all clinical hematology investigation was performed by a standard clinical laboratory medicine center in Indochina and also, 
there is no isolated hematology laboratory in their country. 

We all agree that the concept of isolated hematology and combination with other clinical laboratories in a single laboratory medicine 
unit is an interesting topic for further discussion on advantages and disadvantages. Many hematology laboratories have closed 
and/or were included into a central laboratory system after starting new regulations in Turkey. The authors also agree with us that 
there is a need for the clinical hematologist for management of the hematology laboratory. However, after the new regulations in 
our country, the managers of hematology laboratories became biochemistry specialists. But it is very important to evaluate specific 
tests in the hematology laboratory and to integrate them with the clinical status of patients. Therefore, the removal of clinical 
hematologists from hematology laboratories was a significant disadvantage. The routine laboratory survey and quality surveillance 
for accreditation is the basic requirement not only for hematology laboratories but also in all laboratories. However, after the new 
regulations implemented, only the quality issues will not be sufficient to solve problems related to hematology laboratories in Turkey. 

Best Regards,

İlknur Kozanoğlu, Türkan Patıroğlu, Klara Dalva, Gülderen Yanıkkaya Demirel, Teoman Soysal, Muzaffer Demir
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Successful Treatment of Recurrent Gastrointestinal Bleeding Due 
to Small Intestine Angiodysplasia and Multiple Myeloma with 
Thalidomide: Two Birds with One Stone
İnce Barsak Anjiyodisplazi ve Multipl Miyeloma Bağlı Gelişen Tekrarlayan Gastrointestinal 
Kanamanın Talidomid ile Başarılı Tedavisi: Bir Taşla İki Kuş

 Ida Hude1,  Josip Batinić1,2,  Sandra Bašić Kinda1,  Dražen Pulanić1,2,3

1University Hospital Center Zagreb, Department of Internal Medicine, Division of Hematology, Zagreb, Croatia
2University of Zagreb Faculty of Medicine, Zagreb, Croatia
3Josip Juraj Strossmayer University of Osijek Faculty of Medicine, Osijek, Croatia

To the Editor,

Gastrointestinal angiodysplasia (GIA) is the most common 
digestive tract vascular malformation, often causing recurrent 
gastrointestinal bleeding. Despite association with certain 
hereditary diseases [1,2,3], most GIAs are acquired, associated 
with aortic stenosis, hemodialysis, malignancies, or liver 
cirrhosis or idiopathic, and they appear among the elderly (>60 
years) [4]. Advances in endoscopy brought about management 
improvements, but due to numerous lesions disseminated over 
the digestive tract, treatment of GIA remains a clinical challenge. 
Novel studies suggested that the use of thalidomide might be 
beneficial in these patients due to its antiangiogenic properties 
[5,6]. Thalidomide and its modern analogues currently represent 
a backbone treatment of another disease: multiple myeloma 
(MM) [7]. Here we would like to present a case of successful MM 
and GIA treatment with thalidomide.

Our male patient, born in 1947 and suffering from arterial 
hypertension, benign prostate hyperplasia, and chronic 
obstructive pulmonary disease, was diagnosed with symptomatic 
iron deficiency anemia in 2012. He underwent an extensive 
gastroenterological workup, which revealed multiple small 
intestine GIAs causing recurrent bleeding. Several attempts at 
endoscopic argon-plasma coagulation in the following years 
were not able to control the disease and the patient required 
regular blood transfusions (every 3-4 weeks) and parenteral iron 
supplementation. The patient was referred to a hematologist in 
2016 for further assessment. Bleeding disorders were excluded 
(Table 1), but advanced immunoglobulin G kappa MM was 
found (ISS 1, with 20%-25% clonal plasma cells in the bone 
marrow and multiple osteolytic lesions), with no signs of 
bone marrow or gastrointestinal amyloidosis. Treatment with 
cyclophosphamide (500 mg/week), thalidomide (100 mg/day), 
and dexamethasone (40 mg/week) together with monthly 
zoledronate was initiated in March 2016. Cyclophosphamide 
was discontinued after 3 applications due to development of 

paroxysmal atrial fibrillation, requiring thromboprophylaxis 
with enoxaparin. Six months after treatment initiation the 
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Table 1. Relevant laboratory findings at baseline and during 
thalidomide treatment.
Key laboratory 
findings

Baseline
(2/2016)

8/2016 2/2017 11/2017

Hemoglobin (g/L) 77 95 117 127

MCV (fL) 71 84.1 85.7 90.9

Fe (µmol/L) 2 5 5 19

Ferritin (µg/L) <5 25.1 23.8 184.8

PT 1.13 NA NA NA

aPTT (s) 22.7 NA NA NA

Fibrinogen (g/L) 4.0 NA NA NA

VWF (%) 154 NA NA NA

FVIII (kIU/L) 2.80 NA NA NA

FXIII (kIU/L) 0.85 NA NA NA

Total serum protein 
(g/L)

72 66 67 68

Total serum IgG  
(g/L)

18.93  
(high)

11.8 
(normal)

13.09 
(normal)

14.37 
(normal)

M protein by 
immunofixation 
-serum IgG kappa

Present Present Present Present

Serum free light-
chains (mg/L), kappa

26.3 13.2 19.6 20.5

Serum free light-
chains (mg/L), 
lambda

21.0 10.2 14.6 17.7

Kappa/lambda ratio 
serum

1.25  
(normal)

1.29 
(normal)

1.34 
(normal)

1.16 
(normal)

M protein-urine NA NA Negative Negative

Bone marrow 
plasma cell count 
(%)

20-25 <5 NA NA

MCV: Mean cell volume, PT: prothrombin time, aPTT: activated partial thromboplastin 
time, VWF: Von Willebrand disease, Fe: serum iron, FVIII: factor VIII, FXIII: factor XIII, 
IgG: immunoglobulin G, NA: not applicable.
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patient achieved a very good partial remission (vgPR) of MM. 
Owing to age, comorbidities, and the patient’s preferences, he 
was considered transplant-ineligible and so thalidomide (100 
mg/day) and dexamethasone (20 mg/week) were continued. 
The patient has had no apparent bleeding since March 2016, he 
has been transfusion-free since October 2016, and he received 
the last parenteral iron supplementation in October 2017, so 
GIA endoscopy was not repeated. MM evaluations revealed 
continuous vgPR after 22 months of treatment; the patient 
is asymptomatic, suffers no side effects, and continues with 
thalidomide maintenance (Table 1).

The efficacy of thalidomide as a first-line treatment in 
combination regimens and as maintenance therapy for MM 
is well established [8]. Despite the irrefutable success of some 
novel therapeutic agents, such as proteasome inhibitors and 
next-generation immunomodulatory drugs, thalidomide still 
represents a valid treatment choice, especially in countries with 
limited healthcare resources. Thalidomide has an emerging role 
in GIA treatment, with shown efficacy in a small randomized 
trial [5] and multiple case reports (nicely reviewed by Bauditz 
[6]). Certain patients, especially those with several susceptible 
conditions as in the case presented here, seem to achieve utmost 
clinical benefit and improvement in quality of life. The optimal 
dosage of thalidomide in GIAs is currently not defined, and the 
side-effect profile might limit its long-term use for disease 
control. Nevertheless, its efficacy and side-effect manageability 
make further research worthwhile.

Keywords: Thalidomide, Angiodysplasia, Recurrent bleeding, 
Multiple myeloma, Antiangiogenic
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Treatment of Chronic Back and Chest Pain in a Patient with Sickle 
Cell Disease Using Spinal Cord Stimulation
Orak Hücre Hastasında Kronik Sırt ve Göğüs Ağrısının Spinal Kord Stimülatörü ile Tedavisi

 Damla Yürük1,  İbrahim Aşık2

1Bursa Yüksek İhtisas Training and Research Hospital, Clinic of Algology, Bursa, Turkey
2Ankara University Faculty of Medicine, Department of Algology, Bursa, Turkey 

To the Editor,

Pain with sickle cell disease can occur in two forms: acute 
or chronic. Acute pain is often treated with analgesics 
in emergency services or at home and can intermittently 
relapse. In the later stages of the disease, chronic pain occurs 
due to central sensitization. Here we report a patient with 
sickle cell pain who was treated with a spinal cord stimulator 
(SCS).

Our patient was a 28-year-old female. She was admitted to the 
hospital due to painful crises and had a history of operations 
due to vertebral fracture, femoral head osteonecrosis, and 
pulmonary hypertension. Her back and chest pain was ranked 
as 9 on a numeric rating scale when she was referred to the 
pain clinic. Non-enhancing areas involving vertebral bodies at 
dorsal and lumbar levels, suggestive of infarcts, were shown 
by magnetic resonance imaging (Figure 1). Pain control could 
not be achieved medically; all nonsteroidal anti-inflammatory 
drugs and opioids had been unsuccessful. After evaluation by 
the local pain council of the hospital, the patient underwent 
implantation of an SCS.

In the operating room she was placed in the prone position. 
Under fluoroscopic guidance a 15-gauge Tuohy needle was 
inserted into the T6-T7 interlaminar space. Eight-electrode leads 
were inserted through the needle and advanced until the tip lay 
at the T1-T4 epidural level (Figure 2). Parameters of stimulation 
were pulse width of amplitude 2.5 mA and frequency of 10 kHz. 
Following more than 60% pain relief throughout the trial period, 
the lead was connected to an implantable pulse generator, 
which was placed into the left buttock. During 1-year follow-up 
of the implantation of the high-frequency SCS, excellent pain 
relief continued with improvement of both the patient’s pain 
and her ability to perform activities of daily living.

SCS has become popular in recent years. It is a neuromodulator 
and manages cases of certain chronic pain for which other 
procedures have failed, including failed back syndrome [1], 
ischemic limb pain [2], angina pectoris [3], and painful peripheral 

neuropathies [4]. The mechanism of pain relief by the SCS is 
still not clear [5]. According to the gate control theory, in the 
peripheral nerve system the afferent activity of large fibers or 
small fibers is controlled by the dorsal column cells, associated 
with central transmission of pain. When a surplus of large-fiber 
activity occurs, this gate closes [6]. The pathophysiology of 
sickle cell disease could also be related to autonomic nervous 
system efficiency [7]. Constriction or obstruction of a blood 
vessel usually causes a reduction in blood flow and oxygen 
delivery to the tissues and thus insufficient perfusion [8]. Small 

Figure 1. Magnetic resonance imaging shows multiple infarcts 
involving vertebral column T2 and T1 sagittal images. Non-
enhancing areas involving vertebral bodies at dorsal and lumbar 
levels suggest infarcts.

Figure 2. Plain X-ray demonstrating placement of spinal cord 
stimulator electrodes at the level of T1-T4.
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fibers, which carry nociceptive information in the sympathetic 
pain pathway, can be blocked by a high-frequency SCS.

The present report describes the first patient with intractable 
pain due to sickle cell disease who was treated with a high-
frequency SCS successfully. For patients in whom  all available 
treatments have failed or who have an increased risk for more 
invasive surgical interventions, the SCS might be a therapeutic 
alternative.

Keywords: Chronic pain, Sickle cell disease, Spinal cord 
stimulation

Anahtar Sözcükler: Kronik ağrı, Orak hücre hastalığı, Spinal 
kord stimülatörü
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Simultaneous Presence of Follicular Lymphoma, Diffuse Large 
B-cell Lymphoma, and Hodgkin-like Lymphoma 
Eş Zamanlı Folliküler Lenfoma, Diffüz Büyük B Hücreli Lenfoma ve Hodgkin-Benzeri 
Lenfoma Varlığı

 Alexandra Papoudou-Bai1,  Leonidas Marinos2,  Konstantina Papathanasiou4,  Panagiotis Kanavaros3,  Eleni Kapsali4

1University of Ioannina Faculty of Medicine, Department of Pathology, Ioannina, Greece  
2Evangelismos General Hospital, Clinic of Hematopathology, Athens, Greece
3University of Ioannina Faculty of Medicine, Department of Anatomy-Histology-Embryology, Ioannina, Greece
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To the Editor,

Follicular lymphoma (FL) is a relatively indolent B-cell lymphoma 
that may transform to a higher-grade lymphoma, most commonly 
diffuse large B-cell lymphoma (DLBCL) [1]. On the other hand, the 
occurrence of Hodgkin lymphoma (HL) subsequent to FL as well 
as composite lymphomas that are composed of HL and FL have 
rarely been recorded [1,2,3,4,5]. To the best of our knowledge, 
this is the first reported case of the simultaneous presence of 
FL, DLBCL, and Hodgkin-like lymphoma in a lymph node. A 

65-year-old man developed a palpable mass in his left axilla, 
which grew larger in a period of 2 months. The patient reported 
no other symptoms and had no notable medical history. Biopsy 
of the left axillary lymph node revealed grade 3A-FL with areas 
of DLBCL. DLBCL was also observed in the biopsy of a mass of the 
thoracic wall, which was near the enlarged axillary lymph node. 
Moreover, in the lymph node, Hodgkin and Reed-Sternberg (HRS) 
cells were identified in extrafollicular areas and some neoplastic 
follicles (Figure 1). Although some scattered eosinophils, plasma 
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cells, and histiocytes were observed in the cellular background of 
the extrafollicular HRS cells, the extent of this cellular infiltrate 
was less than what would be expected for typical HL (Figure 1). 
Immunohistochemistry revealed that the follicular neoplastic 
cells were CD20+, CD10+, BCL6+, BCL2+, PAX-5+, CD30-, CD15-, 
and MUM1- (Figure 1). The HRS cells were CD30+, CD15+ (20%), 
CD20-, CD10-, BCL6-, MUM1+, CD3-, CD4-, CD8-, and weakly 
PAX-5+ (Figure 1). A few reactive follicles with CD10+, BCL6+, 
and BCL2- germinal center cells were also observed. EBER-in situ 
hybridization demonstrated Epstein-Barr virus (EBV) positivity 
in some cells in a few neoplastic follicles (Figure 1), but not in 
the DLBCL component or in the HRS cells. The above findings 
were consistent with the simultaneous presence of FL, DLBCL, 
and Hodgkin-like lymphoma. Computed tomography (CT) and 
positron-emission tomography (PET)/CT and bone marrow (BM) 
biopsy were performed. The lymphoma was assigned stage IV 
because of BM infiltration. The BM lymphoid infiltration was 
diffuse (15%-20% of the total BM nucleated cells) and composed 
of medium-sized lymphoid cells with immunophenotype 
of CD20+, CD10+, BCL6+, PAX-5+, MUM1-, and CD30-. In 
addition, some cells with the morphology of Hodgkin cells 
and immunophenotype of CD30+, CD15+, CD45+, CD20-,  
CD10-, BCL6-, and PAX-5- were also identified in the lymphoid 
infiltration. The patient subsequently underwent six cycles of 

rituximab-CHOP chemotherapy without adverse effects. After 
treatment, the CT scans and PET/CT results were consistent with 
complete response and BM biopsy showed no lymphoma. He is 
currently in regular follow-up. In our case, the DLBCL component 
may correspond to transformation of the FL component, and the 
EBV-negative Hodgkin-like component may arise from the EBV-
negative intrafollicular HRS cells that we detected in the lymph 
node. The occurrence of HL subsequent to FL as well as composite 
lymphomas consisting of HL (with classical immunophenotype) 
and FL without EBV association were rarely reported [2,3,4]. In 
contrast, Menon et al. [5] described transformation of FL to EBV-
positive Hodgkin-like lymphoma. Interestingly, in keeping with 
the findings of Menon et al. [5], we also observed EBV-positive 
cells in a few neoplastic follicles. This suggests that EBV infected 
the cells secondarily in the neoplastic follicles. In conclusion, this 
is the first reported case of the simultaneous presence of FL, 
DLBCL, and EBV-negative Hodgkin-like lymphoma.
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Figure 1. a) Synchronous presence of follicular lymphoma (FL) 
with Hodgkin-like lymphoma (hematoxylin and eosin staining, 
200x); b) Hodgkin cells admixed with scattered eosinophils, plasma 
cells, and histiocytes (hematoxylin and eosin staining, 600x);  
c) CD30+ Hodgkin and Reed-Sternberg cells in the extrafollicular 
areas surrounding a neoplastic follicle (immunohistochemical 
staining, 100x); d) synchronous presence of FL with Hodgkin-
like lymphoma, where the neoplastic follicles express the BCL2 
protein (immunohistochemical staining, 100x); e) Epstein-Barr 
virus (EBER)-positive cells in the neoplastic follicles (in situ 
hybridization, 100x); f) diffuse large B-cell lymphoma (hematoxylin 
and eosin staining, 400x). 
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Skeletal Muscle Diffuse Large B-Cell Lymphoma in the Gluteal 
Region
Gluteal Bölgede İskelet Kası Diffüz Büyük B Hücreli Lenfoma

  Nereyda Gonzalez-Benavides,   Jesus Alberto Cardenas-de la Garza,   Candelario Rodriguez-Vivian,   Jorge Ocampo-Candiani, 
 Oliverio Welsh 

Autonomous University of Nuevo León, Dr. Jose E. Gonzalez Faculty of Medicine and University Hospital, Department of Dermatology, Monterrey, Mexico

To the Editor,

Diffuse large B-cell lymphoma (DLBCL) is the most common 
form of non-Hodgkin lymphoma (NHL) [1]. Approximately 30% 
of NHL cases arise from an extranodal site, including the skin, 
testes, lungs, bones, gastrointestinal tract, and central nervous 
system [1,2]. Primary skeletal muscle lymphomas are rare and 
account for 0.5% of NHL cases [3]. 

A 60-year-old male presented with a 5-month history of 
a rapidly growing mass in his left buttock accompanied by 
intense pain and impaired mobilization. He denied weight loss, 
fever, or night sweats. Physical examination revealed a firm, 
tender left buttock mass, measuring 19x13 cm (Figure 1a). No 
palpable lymph nodes were detected. Laboratory tests were 
unremarkable. Abdominal and pelvic contrast-enhanced CT 
scan showed a soft tissue tumor in the left gluteal region, 
affecting the psoas, gluteus maximus, and minor muscles 
with left retroperitoneal and inguinal lymphadenopathy. 
Two deep punch biopsies were performed. Histopathological 
examination revealed diffuse atypical lymphocyte infiltration 
involving the dermis, subcutaneous tissue, and muscle. 

Immunohistochemical staining was positive for CD20, 
with focal positivity of 20% for MUM1, and negative for 
CD10 and BCL6. The Ki-67 proliferation index was 80%. 
The final diagnosis was DLBCL, activated B-cell subtype. Six 
cycles of chemotherapy with rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone (R-CHOP) were 
started. He obtained complete clinical remission (Figure 1b) 
with no recurrence.

Extranodal lymphomas (ENLs) are defined as those with no/
minimal nodal involvement associated with a dominant 
extranodal component [4]. However, the definition of primary 
lymphoma remains a controversial issue, especially in patients 
where both nodal and extranodal sites are involved. The Lugano 
classification designates extranodal disease as single extranodal 
lesions without nodal involvement or patients with state I or II 
nodal disease with a clinically dominant extranodal component 
[5,6,7]. ENLs may arise from any site devoid of lymphocytes and 
almost half represent DLBCL [6]. 

Involvement of the skeletal muscles in NHL is unusual and 
has been reported to occur in 1.1% of patients. The most 

Figure 1a. Diffuse large B-cell lymphoma in the gluteal region 
before treatment.

Figure 1b. After 6 cycles of R-CHOP chemotherapy.
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common route of muscle involvement is hematogenous, 
lymphatic, or by contiguous spread, or, very rarely, as a 
primary extranodal disease [4]. The most commonly affected 
muscles are those of the extremities, pelvis, and gluteal 
regions [6]. In a retrospective study from the Mayo Clinic 
of over 7000 cases of lymphoma, primary muscle lymphoma 
accounted for only 0.1%, as diagnosed over a 10-year period 
[8].

The main symptoms include the presence of a mass with 
progressive enlargement, pain, and swelling [9]. Imaging 
studies show diffuse enlargement of the muscle involving 
multiple compartments, distinguishing it from soft 
tissue sarcomas that usually involve one compartment 
[9]. Magnetic resonance imaging may aid in diagnosis 
and enables evaluation of tumor extension and adjacent 
structure involvement. However, histological analysis and 
immunohistochemistry is necessary to confirm the diagnosis 
[10]. 

Differential diagnosis includes soft tissue sarcoma, metastatic 
carcinoma, and neurogenic tumors such as malignant peripheral 
nerve sheath tumors [6]. No specific guidelines for the treatment 
of skeletal muscle ENLs are available. R-CHOP chemotherapy is 
usually the preferred regimen [7]. Due to the scarce number of 
reports, information on the precise prognosis of primary skeletal 
ENLs is not available.
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Early Direct Antiglobulin Test Negativity after Bendamustine and 
Rituximab Treatment in Chronic Lymphocytic Leukemia: Two Cases
Bendamustin ve Rituksimab Tedavisi ile Erken Direkt Antiglobülin Testi Negatifliği Elde 
Edilen İki Kronik Lenfositik Lösemi Olgusu

  Rafet Eren,   Elif Suyanı

University of Health Sciences, İstanbul Training and Research Hospital, Clinic of Hematology, İstanbul, Turkey  

To the Editor,

Autoimmune hemolytic anemia (AIHA) can emerge at any stage 
of chronic lymphocytic leukemia (CLL); furthermore, patients 
can present with AIHA before diagnosis [1]. Although direct 
antiglobulin test (DAT) positivity is one of the hallmarks of 
AIHA, it was also demonstrated to be associated with advanced 
disease [2] and poor prognosis [3] independent of hemolytic 
anemia in CLL patients [3]. Here we present two CLL patients 
with AIHA whose DAT results became negative shortly after 
receiving bendamustine-rituximab (BR) chemotherapy.

Case 1

A 69-year-old male patient who was being followed without 
treatment for CLL in Rai stage 2 for 6 months presented with 
abdominal pain and jaundice. Laboratory tests were as follows: 
leukocytes: 55,140/µL, lymphocytes: 51,240/µL, hemoglobin: 
5.3 g/dL, platelets: 46,000/µL, indirect bilirubin: 2.89 mg/dL, 
haptoglobin: 2 mg/dL, lactate dehydrogenase (LDH): 1585 U/L, 
and DAT positive for Immunoglobulin G (IgG) (no titer provided). 
Imaging studies showed compressing conglomerate lymph node 
masses in the abdomen. The patient was started on steroid and 
BR treatments. The hemoglobin value rose to normal levels and 
DAT became negative after 3 cycles of BR. The patient received 
6 cycles of BR chemotherapy and steroids were interrupted at 
the 5th month of treatment. The patient has been followed in 
remission for 1 year. 

Case 2

A 75-year-old female patient who was being followed without 
treatment with the diagnosis of CLL in Rai 0 stage for 8 years 
was admitted due to weakness and fatigue. Laboratory tests 
were as follows: leukocytes: 78,840/µL, lymphocytes: 67,020/µL, 
hemoglobin: 6.3 g/dL, platelets: 255,000/µL, indirect bilirubin: 
2.58 mg/dL, LDH: 504 U/L, haptoglobin: 1 mg/dL, corrected 
reticulocyte count: 5.2%, and DAT positive for IgG (4+). The 
patient was started on steroid treatment and subsequently BR 
therapy was added due to increased lymphocyte doubling time. 
After the first cycle, the DAT titer dropped to 3+. Hemoglobin 

value rose to normal levels and DAT became negative after 3 
cycles of BR. Steroids were ceased at the 7th month of treatment; 
The patient completed 6 cycles of BR and has been followed in 
remission for 1 year. 

While the standard approach in CLL patients with AIHA is steroids, 
systemic chemotherapy is recommended in refractory cases and 
in patients requiring treatment for CLL [1]. Although first-line 
therapy in CLL patients is the fludarabine-cyclophosphamide-
rituximab regimen, the wide use of BR chemotherapy, especially 
in advanced-age patients, has brought up the application of 
this combination in patients with AIHA [4,5]. In a recent study 
including 26 CLL patients who had AIHA and received BR, the 
response rate was 81% for AIHA and 77% for CLL [4]. Similarly, 
our patients also responded well in terms of CLL and AIHA. The 
most striking point was that DAT became negative in a short 
period of time (after 3 cycles of BR). 

In conclusion, in addition to being a plausible option in 
advanced-age CLL patients, BR seems to be an important 
treatment of choice in terms of eliminating the poor prognostic 
factor of DAT positivity and assuring safe cessation of steroid 
treatment due to rapid achievement of DAT negativity.
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Demodicidosis Accompanying Acute Cutaneous Graft-Versus-Host 
Disease after Allogeneic Stem Cell Transplantation
Allojeneik Kök Hücre Nakli Sonrası Akut Graft Versus Host Hastalığına Eşlik Eden 
Demodisidoz

 Pelin Aytan1,  Mahmut Yeral1,  Çiğdem Gereklioğlu2,  Nazım Emrah Koçer3,  Nurhilal Büyükkurt1,  İlknur Kozanoğlu1, 
  Hakan Özdoğu1,  Can Boğa1
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To the Editor,

A 39-year-old female with acute myeloid leukemia was 
admitted to our transplantation clinic with face eruption 
without any pruritus. The eruption had occurred 28 days 
after she underwent an allogeneic hematopoietic stem cell 
transplantation (SCT). She was allografted with 6.12x106 non-
manipulated CD34+ cells from a fully matched sibling donor 
after a conditioning regimen including busulfan (12.8 mg/
m2), fludarabine (150 mg/m2), anti-thymocyte globulin (30 
mg/kg), and total body irradiation (400 Gy/day). Graft-versus-
host disease (GVHD) prophylaxis comprised methotrexate at 
12 mg/day for 3 days and cyclosporine A at 75 mg twice 
daily. No recent changes had been made to the medication. 
Neutrophil and thrombocyte engraftment both occurred on 
day 11. The toxicity related to the regimen was mild, being 
assigned the first grade for oral mucosa according to the 
Bearman scale [1]. The findings of the physical examination 
were patchy and confluent erythema of the face, suspicious 
for cutaneous acute GVHD. There were no other skin changes 
except that of the palms and soles. Neither intestinal nor 
hepatic acute GVHD occurred. Laboratory evaluation revealed 
a white blood cell count of 12,000/µL, a hemoglobin level of 
11.5 g/dL, a platelet count of 158,000/µL, and an absolute 

neutrophil count of 8400/µL. A 4-mm skin punch biopsy was 
performed [2]. There were lymphocytes and polymorphic 
neutrophils that attacked hair follicles and two Civatte 
bodies. Histochemically Demodex folliculorum was diagnosed 
with PAS staining within the hair follicles (Figures 1A and 
1B). Even with lymphocytes attacking hair follicles and 
Civatte bodies suggesting GVHD, Demodex folliculitis can 
mimic acute GVHD (Figures 1C and 1D). Demodicidosis was 
treated successfully with local 1% metronidazole and 5% 
permethrin. Methylprednisolone was also administered from 
the beginning of the symptoms and the dosing was reduced 
by 8 mg every week. The skin eruptions on the face and the 
neck resolved on day +52. 

Demodex folliculitis after allogeneic SCT is seen rarely and, as 
far as we know, our case is the sixth reported case [3,4,5,6]. 
The most important differential diagnosis of Demodex 
folliculitis within the first 100 days after allogeneic SCT is 
acute GVHD. The infestation by Demodex sp. can be associated 
with immune suppression. The differential diagnosis of facial 
erythema after bone marrow transplantation includes acute 
GVHD, drug eruptions, systemic lupus erythematosus, viral 
exanthema, toxic erythema of chemotherapy, drug-induced 
photosensitivity, and photodermatitis [3]. In our case there 
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were eruptions on the cheek, forehead, and jaw regions, 
which can be distinguished in both acute GVHD and Demodex 
folliculitis. However, the development of palmar erythema of 
the upper extremities is not a feature of demodicidosis. As 
confirmed by pathological examination, there were findings 
of both acute GVHD (presence of Civatte bodies, lymphocyte 
exocytosis, diffuse basal vacuolization in the epidermis) and 
demodicidosis (presence of Demodex folliculorum).

It should not be forgotten that GVHD may be associated with 
demodicidosis and Demodex infestation should be remembered 
in the differential diagnosis of eruptions in patients with 
hematological malignancies receiving chemotherapy and after 
SCT. For this reason, when the diagnosis of acute GVHD is 
ambiguous, an early skin biopsy has to be done after allogeneic 

SCT because early therapy for a possible Demodex infestation 
would prevent the progression of GVHD. 

Keywords: Demodex folliculitis, Acute graft-versus-host disease, 
Post-transplantation
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Figure 1. A) Demodex mite; B) Civatte body in the follicular 
epithelium containing Demodexand lymphocyte exocytosis; C) 
Civatte body in the epithelium far from the follicle; D) diffuse 
basal vacuolization in epidermis (periodic acid-schiff staining, 
magnification 40x) (159x119 mm; 72x72 DPI).
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