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Diffüz Büyük B-Hücreli Lenfomada Germinal Merkez Fenotipinin Belirlenmesinde GCET1, 
HGAL (GCET2) ve LMO2’nin Değeri

Objective: Diffuse large B-cell lymphoma (DLBCL) is a biologically 
heterogeneous disease that is classified into germinal center B-cell (GCB) 
and non-GCB subtypes, which are prognostically different. The Hans 
algorithm is the most widely used tool based on CD10, BCL6, and MUM1 
expression, but some cases with the non-GCB phenotype are still known 
to be misclassified. In this study, we investigate the extent to which 
GCET1, HGAL, and LMO2 protein expressions reflect GCB phenotype 
together with their roles in determining the GCB phenotype of DLBCL 
and their contributions to the performance of the Hans algorithm.   

Materials and Methods: Sixty-five cases of DLBCL-not otherwise 
specified, 40 cases of follicular lymphoma (FL), and 19 non-GC-derived 
lymphoma cases were included in this study. The DLBCL cases were 
grouped as CD10+ (Group A) or only MUM1+ (Group B), and the remaining 
cases constituted the intermediate group (Group C). GCET1, HGAL, and 
LMO2 expressions were evaluated.  

Results: In the FL group, GCET1, HGAL, and LMO2 were positive in 
85%, 77.5%, and 100% of the cases, respectively. Among the non-GC-
derived lymphoma cases, all three markers were negative in cases of 
small lymphocytic lymphoma, plasmablastic lymphoma, peripheral T-cell 
lymphoma, and anaplastic large cell lymphoma. GCET1 and HGAL were 
negative in cases of marginal zone lymphoma (MZL) and mantle cell 
lymphoma (MCL). Two of the 3 MZL and 2 of the 4 MCL cases were positive 
for LMO2. In the DLBCL group, the number of cases with GCET1, HGAL, 
and LMO2 positivity was 18 (90%), 17 (85%), and 20 (100%), respectively, 
in Group A and 0 (0%), 2 (13.3%), and 2 (13.3%), respectively, in Group B. 
Considering these rates, when the cases in the intermediate group were 
evaluated, it was concluded that 13 cases typed as non-GCB according 
to the Hans algorithm may have the GCB phenotype.  

Conclusion: GCET1, HGAL, and LMO2 are highly sensitive markers for 
determining the germinal center cell phenotype and can increase the 
accuracy of the subclassification of DLBCL cases, especially for cases that 
are negative for CD10.   

Keywords: Diffuse large B-cell lymphoma, Immunohistochemistry, 
GCET1, GCET2 (HGAL), LMO2, Hans algorithm    

Amaç: Diffüz büyük B-hücreli lenfoma (DBBHL), germinal merkez 
B (GMB) hücre ve non-GMB hücre olmak üzere prognostik olarak 
farklı alt grupları olan biyolojik olarak heterojen bir hastalıktır. CD10, 
BCL6 ve MUM1 ekspresyonuna göre yapılan Hans algoritması ile 
GMB olgularının bazıları yanlış sınıflandırılmaktadır. Çalışmamızda, 
immünohistokimyasal olarak GMB hücre belirteçleri olan GCET1, 
HGAL ve LMO2’nin folikül merkez hücre fenotipini ne derecede 
yansıttığını, DBBHL’de GMB hücre fenotipini belirlemedeki rolünü ve 
Hans algoritmasına katkısını araştırmaktayız.  

Gereç ve Yöntemler: Altmış beş adet DBBHL-NOS, 40 adet foliküler 
lenfoma (FL) ve 19 adet non-GM kökenli lenfoma olgusu çalışmaya 
alındı. DBBHL olguları CD10+ (Grup A), sadece MUM1+ (Grup B) ve 
kalanlar ara grup (Grup C) olarak gruplandı. GCET1, HGAL ve LMO2 
ekspresyonları değerlendirildi.   

Bulgular: FL grubunda, GCET1, HGAL ve LMO2 sırasıyla %85, %77,5, 
%100 olguda pozitif saptandı. Küçük lenfositik lenfoma, plazmablastik 
lenfoma, periferik T-hücreli lenfoma ve anaplastik büyük hücreli 
lenfoma olgularında 3 antikor da negatifti. Marjinal zon lenfoma 
(MZL) ve mantle hücreli lenfoma (MHL) olgularında GCET1 ve HGAL 
negatifken; LMO2, 2 MZL ve 2 MHL’de pozitif bulundu. DBBHL 
olgularında, Grup A’da GCET1, HGAL and LMO2 pozitif olgu sayısı 
sırasıyla 18 (%90), 17 (%85), 20 (%100) iken, Grup B’de sırasıyla 0 
(%0), 2 (%13,3), 2 (%13,3) idi (p<0,001). Bu oranlar göz önüne alınarak 
ara gruptaki olgular değerlendirildiğinde, Hans algoritmasına göre 
non-GMB olarak tiplendirilen 13 olgunun GMB fenotipli olabileceği 
sonucuna varıldı.  

Sonuç: GCET1, HGAL ve LMO2, GMB fenotipini belirlemede duyarlı 
belirteçler olup, DBBHL’lerin (özellikle CD10 negatif olguların) doğru 
tiplendirilmesine katkı sağladıkları düşünülmüştür.   
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is a mature B-cell 
neoplasm accounting for 40% of all non-Hodgkin lymphomas. 
Most of these patients respond to chemotherapy, but fewer 
than 50% of them can be cured [1,2]. The International 
Prognostic Index (IPI), which is based on clinical parameters, has 
been used to assess the risk profiles of patients [3]. However, 
because of differences in survival among patients with the same 
IPI scores, there are ongoing efforts to discover new molecules 
that may allow the identification of the subtypes of DLBCL and 
develop targeted therapies. Gene expression profiling (GEP) has 
been performed to investigate the relationship between the 
molecular characteristics of DLBCL and prognosis [4,5,6,7]. In 
such studies, DLBCL cases are divided into the three molecular 
subgroups of germinal center (GC)  B-like (GCB), activated B-like 
(ABC), and type 3 (unclassified) [4,5,7]. Patients treated with 
cyclophosphamide, doxorubicin, vincristine, and prednisone 
(CHOP) or other CHOP-like treatment regimens were shown to 
have better survival independently of their IPI scores among 
patients with GCB-like DLBCL [3,4,5]. New genetic classifications 
of DLBCL consisting of various genetic alterations showing 
different outcomes were also recently described [8,9,10,11].

As GEP studies and molecular analyses are expensive and cannot 
be applied routinely worldwide, immunohistochemical methods 
were also developed for target molecules [12,13,14,15,16,17,18]. 
Among these methods, an algorithm including CD10, BCL6, 
and MUM1 antibodies, known as the Hans algorithm, was the 
first algorithm to investigate the correlation between gene 
expression profiles and antigen expressions. It is the most widely 
used algorithm for determining the molecular subtypes of 
DLBCL. However, although the majority of the cases diagnosed 
in this way correlate well with the GEP profile, some cases 
categorized into the ABC subgroup with the Hans algorithm are 
found to be misclassified [12].

GEP studies have shown that the GC expressed transcript 1 
(GCET1), human germinal center-associated lymphoma (HGAL), 
and LIM domain only 2 (LMO2) genes were highly expressed in  
GC lymphocytes and GC-derived lymphomas, whereas they were 
not expressed in activated peripheral blood B-cells [4,5,19,20]. 
New algorithms including  GCET1 and LMO2 antibodies have 
been reported to have higher correlations with GEP results than 
the Hans algorithm [15,17,18].

In this study, we aim to evaluate the additive value of GCET1, 
HGAL, and LMO2 in the determination of GCB phenotypes in 
DLBCL-not otherwise specified (NOS) cases, and especially for 
triple-negative or CD10-MUM1+BCL6+ cases. 

Materials and Methods

Case Selection

In order to investigate the extent to which GCET1, HGAL, and 
LMO2 antigen expressions reflect GCB phenotype, we retrieved 
samples from 59 lymphoma cases for the control group, 
consisting of 40 nodal follicular lymphoma (FL) cases (20 high-
grade/grade 3 and 20 low-grade/grade 1-2 cases) and 19 non-
GC-derived lymphoma cases including 4 mantle cell lymphoma 
(MCL), 3 marginal zone lymphoma (MZL), 5 small lymphocytic 
lymphoma (SLL), 3 plasmablastic lymphoma (PBL), 2 peripheral 
T-cell lymphoma (PTCL), and 2 anaplastic large-cell lymphoma 
(ALCL) cases. A total of 65 DLBCL-NOS cases diagnosed between 
2010 and 2016 were also included in the study. A standard 
immunohistochemical panel including CD3, CD20, CD10, BCL6, 
MUM1, BCL2, CD5, CD23, C-myc, and EBER in situ hybridization 
was applied for all of the DLBCL-NOS cases. Twenty-five of them 
were classified as being of the GCB phenotype and 40 of them 
as the non-GCB phenotype according to the Hans algorithm 
[12] (Figure 1). Extranodal cases, cases that had transformed 
from low-grade lymphoma, and cases with accompanying HIV 
positivity were excluded.

We reviewed all of the archived glass slides, revised the 
diagnoses according to the 2022 classification of the World 
Health Organization [21], and determined the morphological 
subgroups as follows: centroblast-dominant (centroblast ratio 
of >50%), immunoblast-dominant (immunoblast ratio of 
>50%), and anaplastic. We also reevaluated the CD10, BCL6, and 
MUM1 expressions from the archive slides. 

Besides the outputs of the Hans algorithm, we created new 
subgroups. Based on the reliability of CD10 positivity in reflecting 
GCB phenotypes, the CD10-positive cases were defined as 
Group A, MUM1-positive cases (CD10-BCL6-) as Group B, and 
all remaining cases not included in the aforementioned groups 
as Group C (intermediate group, with triple-negative or  only 
BCL6+ or BCL6+MUM1+ cases as the majority of misclassified 
cases are of these types) [12,18].

Immunohistochemical Analysis

Immunohistochemical studies were performed using sections 
of formalin-fixed paraffin-embedded tissues representing 
the tumor, each 2-3 µm in thickness, with an automated 

Figure 1. Hans algorithm.
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immunostainer (Benchmark XT/ISH Staining Module, Ventana 
Medical Systems, Oro Valley, AZ, USA). Details regarding 
antibodies, sources, clones, pretreatments, and dilutions are 
summarized in Table 1. Palatine tonsil tissue was used as a 
positive control. Cytoplasmic staining of GCB cells was accepted 
as positive for GCET1 and HGAL, and nuclear staining of GCB 
cells and endothelial cells was accepted as positive for LMO2.

Immunohistochemical Evaluation and Hierarchical Clustering 

For all cases, the percentage of positively stained cells was 
calculated. Based on percentages of positive staining for 
all three antibodies in Groups A and B, receiver operating 
characteristic curve analysis was used to obtain cut-off values 
for differentiating the GCB and non-GCB phenotypes (Figure 
2). These cut-off point values were calculated using the Youden 
index (Y = sensitivity + specificity - 1), as this method can be 
applied to find optimal cut-off values with the highest sensitivity 
and specificity when there is no particular requirement for 
sensitivity and/or specificity. The calculated cut-off values 
used to define the immunoreactivity as positive were ≥30% for 
GCET1, ≥20% for HGAL, and ≥50% for LMO2.    

The Cluster 3.0 and Treeview 3.0 programs were used 
for hierarchical clustering to integrate and visualize all 
immunohistological staining results for the DLBCL cases, as 
described previously by Eisen et al. [22]. This method was used 
previously in the literature for the correlation and visualization 
of immunohistochemical results [23,24,25].

Statistical Analysis

IBM SPSS Statistics 21.0 (IBM Corp., Armonk, NY, USA) was 
used for all statistical analysis. The Student t-test, Mann-
Whitney U test, chi-square test, or Fisher exact test was used to 
compare continuous and categorical variables. Values of p<0.05 
were considered statistically significant. Receiver operating 
characteristic curve analysis was used to obtain cut-off values. 
The cut-off point values were calculated using the Youden index 
(Y = sensitivity + specificity - 1).

Results

Control Group

Among the cases sampled in the control group, the patients’ 
ages at the time of diagnosis ranged from 30 to 89 years, with a 
mean age of 53.8 years. The M/F ratio was 1, with 20 male and 
20 female patients. Age and gender did not differ significantly 
between the low-grade and high-grade FL groups (p=0.447 and 
p=0.206, respectively). The FL infiltration pattern was follicular 
in 26 (65%) cases, focally follicular (predominantly diffuse) in 
12 (30%) cases, and combined follicular and diffuse in 2 (5%) 
cases. There were no cases with a solely diffuse pattern.

CD10 was negative in 4 (10%) cases, which were all grade 3. 
There was no significant difference in the CD10 expressions of  
grade 1-2  and grade 3 cases (p=0.106). BCL6 was evaluated for 
35 cases and was found to be positive in all of them.

The percentages of neoplastic cells positive for GCET1, HGAL, 
and LMO2 ranged from 0% to 100%, 0% to 100%, and  50% 
to 100% with medians of 80%, 70%, and 90%, respectively. 
GCET1, HGAL, and LMO2 staining did not differ significantly 
between grades (p=0.306, p=0.368, and p=0.343, respectively) 
or infiltration patterns (p=0.474, p=0.265, and p=0.778, 
respectively). 

When the obtained cut-off values were applied to these cases, 
GCET1, HGAL, and LMO2 were positive in 34 (85%), 31 (77.5%), 
and 40 (100%) of the cases, respectively. All four cases that 
were negative for CD10 were positive for LMO2, and 3 of them 
were positive for GCET1 and HGAL. GCET1, HGAL, and LMO2 
were found to have high sensitivity in all grades and infiltration 
patterns (Figure 3).

Table 1. Antibodies, sources, clones, pretreatments, and 
dilutions.

Antibody 
(Clone) Source Dilution Retrieval Incubation time/

temperature

GCET1  
(RAM341) Abcam 1/100 EDTA 120 min/37 °C

HGAL 
(MRQ-49) Cell Marque 1/200 Citrate 120 min/37 °C

LMO2 
(SP51) Cell Marque 1/200 EDTA 120 min/37 °C

Figure 2. Receiver operating characteristic (ROC) curve showing 
the performances of GCET1, HGAL, and LMO2 in the separation of 
germinal center B-cell (GCB) and non-GCB phenotypes of Group 
A and B cases by immunohistochemistry.
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Among the cases of non-GC-derived NHL in the control group, 
GCET1, HGAL, and LMO2 were negative in all cases of ALCL, PTCL, 
SLL, and PBL (Figure 4). While GCET1 and HGAL were negative in 
all cases of MZL and MCL, LMO2 was positive in 2 of 3 MZL cases 
and 2 of 4 MCL cases. However, the expression was focal and/or 
weak in comparison to endothelial cells (Figure 4).

Diffuse Large B-cell Lymphoma

Among the cases of DLBCL included in this study, the mean 
age of the patients was 58 years (range: 17-82 years). Twenty-
nine (44.6%) patients were female and 36 (55.4%) were male. 
Patients with the GCB phenotype were younger than those 
with the non-GCB phenotype, although the difference was not 
statistically significant (median age: 54 vs. 64 years, p=0.147). 

Among the 65 DLBCL cases, 38 (58.4%) were classified as 
centroblast-dominant, 23 (35.3%) as immunoblast-dominant, 
and 4 (6.2%) as anaplastic. CD10 and BCL6 expressions were 
more common in the centroblast-dominant group, whereas 
MUM1 was expressed more commonly in the cases with 
immunoblast-dominant or anaplastic morphology (Table 2).

Among the Group A cases positive for CD10 and BCL6, 17 (85%) 
cases had a centroblast-dominant morphology (p=0.004). In 
contrast, the majority of the cases (12 of 15, 60%) in Group B 
had an immunoblast-dominant or anaplastic morphology. All 
Group C cases with BCL6 positivity and all but one of the triple-
negative cases had a centroblast-dominant morphology. The 
morphology was heterogeneous in Group C cases showing BCL6 
and MUM1 positivity, as 11 cases had an immunoblast-dominant 

or anaplastic morphology and 9 cases had a centroblast-
dominant morphology.

Among all considered DLBCL cases, GCET1, HGAL, and LMO2 
positivity was observed in 23 (35.4%), 35 (53.8%), and 41 
(63.1%) cases, respectively. Among the cases classified according 
to the Hans algorithm, GCET1, HGAL, and LMO2 were positive 
in 22 (88%), 21 (84%), and 25 (100%) of the GCB-DLBCL cases 
and 1 (2.5%), 14 (35%), and 16 (40%) of the non-GCB-DLBCL 
cases, respectively. The difference between GCB and non-GCB 
cases was statistically significant for each marker (p<0.001). The 
differences in the expressions of GCET1, HGAL, and LMO2 among 
morphological subgroups were also statistically significant 
(Table 2). The morphological and immunohistochemical features 
of the DLBCL cases are provided in the Supplemental Table.

A diagram tree was created using the hierarchical clustering 
method to analyze the immunoreactivity of CD10, BCL6, MUM1, 

Figure 3. Follicular lymphoma (FL): Hematoxylin and eosin (H&E)-stained sections of low-grade FL samples showing a follicular pattern 
(H&E, 40x; H&E, 400x) (A) and a diffuse pattern (H&E, 100x; H&E, 1000x) (B) consisting of predominantly centrocytic cells. H&E-stained 
sections of FL samples of grade 3 showing a follicular pattern and consisting of predominantly centroblastic cells (H&E, 100x; H&E, 400x) 
(C). CD10, GCET1, HGAL, and LMO2 positivity was observed in the neoplastic cells of FL samples (left to right, respectively; 200x, 200x, 
100x, and 100x for A; 200x for all in B; 100x, 100x, 200x, and 400x for C).

Table 2. Morphological findings for 65 cases of diffuse large 
B-cell lymphoma.

Centroblast-
dominant (n=38), 
n (%)

Immunoblast-
dominant/anaplastic 
(n=27), n (%)

p

CD10 17 (44.7) 3 (11.1) 0.004

BCL6 31 (81.6) 14 (51.9) 0.01

MUM1 13 (34.2) 23 (85.2) <0.001

GCET1 20 (52.6) 3 (11.1) 0.001

HGAL 30 (78.9) 5 (18.5) <0.001

LMO2 32 (84.2) 9 (33.3) <0.001
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GCET1, HGAL, and LMO2 among the DLBCL cases (Figure 5). 
GCET1 clustered with CD10, while HGAL clustered with LMO2 
and BCL6; they all formed a branch in the diagram associated 
with the GCB phenotype. The similarity was closest between the 
CD10 and GCET1 staining results. MUM1, associated with the 
non-GCB phenotype, formed a separate branch.

GCET1, HGAL, and LMO2 positivity was detected in 18 (90%), 
17 (85%), and 20 (100%) of the 20 cases in Group A and in 
0 (0%), 2 (13.3%), and 2 (13.3%) of the 15 cases in Group B, 
respectively (Figure 6). The differences in GCET1, HGAL, and 
LMO2 expressions between Groups A and B were statistically 
significant (p<0.001). The sensitivity, specificity, false negativity 
and false positivity, and positive and negative predictive values 
of GCET1, HGAL, and LMO2 in determining GCB phenotype 
alone or together are summarized in Table 3. HGAL had the 
highest false-positive rate and GCET1 had the lowest. When 
GCET1 and HGAL were used together, the sensitivity increased 
to 95% and the false-negative rate decreased to 0%. When all 
three antibodies were used together, the sensitivity increased to 
100%, but the false-positive rate also increased (16.7%). 

The intermediate group (Group C) included CD10-negative cases. 
Among the cases with positivity for only BCL6 (n=5), all but one 

Figure 4. Histomorphology and GCET1, HGAL, and LMO2 
immunoreactivity in non-germinal center-derived lymphomas 
(400x for all). All three markers are negative in the cases of small 
lymphocytic lymphoma (SLL), plasmablastic lymphoma (PBL), 
anaplastic large-cell lymphoma (ALCL), and peripheral T-cell 
lymphoma (PTCL). Examples of GCET1 and HGAL negativity and 
LMO2 positivity in cases of marginal zone lymphoma (MZL) and 
mantle cell lymphoma (MCL) are given.

Figure 5. Hierarchical clustering analysis using 
immunohistochemical data in DLBCL cases. Positive staining is 
indicated as red and the lack of staining as green. The branching 
pattern of the dendrogram reflects similarities in the patterns 
of reactivity of the antibodies, with short branches denoting a 
high degree of similarity in expression patterns. HGAL clusters 
with LMO2 and BCL6, groups with GCET1 which clusters with 
CD10, associated with the GCB phenotype, on one branch of the 
dendrogram. MUM1 associated with the non-GCB phenotype, is 
on a separate branch.
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were GCET1/HGAL-positive and all were LMO2-positive. They all 
had centroblast-dominant morphologies. Both morphological 
features and immunohistochemical findings supported the GCB 
phenotype, in line with the Hans algorithm. Triple-negative 
cases (n=5) were all negative for GCET1. Among them, only one 
case had an immunoblastic morphology and it was negative 
for all three considered markers. Therefore, this particular case 
was considered in the non-GCB group, in parallel with the Hans 
algorithm. The remaining four cases had centroblast-dominant 

morphologies and showed HGAL and/or LMO2 immunoreactivity 
(Figure 6).

The 20 cases with both BCL6 and MUM1 positivity, which 
belonged to the non-GCB group according to the Hans 
algorithm, showed positivity for GCET1, HGAL, and LMO2 in 
1 (5%), 8 (40%), and 11 (55%) cases, respectively. When the 
immunophenotypic and morphological features of this group 
were evaluated together, first of all, eight cases were found 

Table 3. Sensitivity, specificity, false negativity, false positivity, and positive and negative predictive values of GCET1, HGAL, and 
LMO2 in determining the germinal center B-cell phenotype alone or together.

GCET1 HGAL LMO2 GCET1
+
HGAL

GCET1
+
LMO2

HGAL
+
LMO2

GCET1
+
HGAL
+
LMO2

Sensitivity (%) 90 85 100 95 100 100 100

Specificity (%) 100 86.7 86.7 86.7 86.7 73.3 73.3

False positivity (%) 0 10.5 9.1 9.5 9.1 16.7 16.7

False negativity (%) 12 18.8 0 7.1 0 0 0

Positive predictive power (%) 100 89.5 90.9 90.5 90.9 83.3 83.3

Negative predictive power (%) 88 81.3 100 92.9 100 100 100

Figure 6. Examples of DLBCL cases belonging to Group A and Group B and Group C. (A-D) Hematoxylin and eosin-stained sections 
showing centroblastic morphology in Group A (H&E, x1000) (A) and immunoblastic morphology in group B (H&E, x1000) (B) and 
centroblastic morphology in group C (H&E, x400) (C-D). Immunohistochemical features: (A) CD10 positive (x200), MUM1 negative 
(x200), GCET1 (x200), HGAL (x200) and LMO2 (x400) positive (left to right, respectively), (B) CD10 negative, MUM1 positive, GCET1, HGAL 
and LMO2 negative (left to right, respectively) (x400 for all), (C) CD10 negative, BCL6 positive, MUM1 positive, GCET1 positive, HGAL 
negative, LMO2 positive (left to right, respectively) (x400 for all), (D) CD10, BCL6, MUM1 negative, GCET1 negative, HGAL, LMO2 positive 
(left to right, respectively) (x400 for all).
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to have immunoblast-dominant or anaplastic morphologies 
and these were all negative for GCET1, HGAL, and LMO2. Thus, 
in line with the Hans algorithm, these cases were considered 
in the non-GCB group. Second, three cases were positive 
only for LMO2. One of these had an anaplastic, one had an 
immunoblastic, and one had a centroblastic morphology. These 
findings were not found to be reliable for defining whether 
the cases belonged to the GCB or non-GCB group. Third, two 
cases had immunoblastic morphologies. Both were positive for 
HGAL and LMO2. Due to the high positive predictive value of 
the coexpression of HGAL and LMO2, they were considered to be 
in the GCB group, in contrast to the Hans classification. Fourth, 
six cases had centroblast-dominant morphologies. One of 
these cases was positive for only HGAL and the remaining were 
positive for both HGAL and LMO2. These cases were categorized 
within the GCB group, in contrast to the Hans classification. 
Finally, one case was positive for GCET1 and LMO2 and it had 
a centroblast-dominant morphology (Figure 6). Because of the 
specificity and high positive predictive value of GCET1, this case 
was thought to belong to the GCB group, in contrast to the 
Hans classification.

The findings of the GCET1, HGAL, and LMO2 results for the 
cases in Group C, the intermediate group, can be summarized 
as follows: First, these staining results were positive in  
CD10-MUM-BCL6+ cases,  supporting the GCB phenotype in 
line with the Hans algorithm. Second, nine of the 20 CD10-

BCL6+MUM+ cases, which belonged to the non-GCB group 
according to the Hans algorithm, were found to have the GCB 
phenotype. Third, four of the five CD10-BCL6-MUM- cases had 
centroblastic morphologies and were positive for GCET1, HGAL, 
and LMO2, supporting the GCB phenotype. Thus, when GCET1, 
HGAL, and LMO2 were applied as new GCB markers, a total of 
13 cases that belonged to the non-GCB group according to the 
Hans algorithm were reclassified as having the GCB phenotype. 

Discussion

DLBCL is a clinically and genetically heterogeneous disease that 
can be fully cured in fewer than half of all cases [26,27]. In 
GEP studies performed by cDNA microarray method, DLBCL 
cases were divided into the three different subgroups of GCB-
like, ABC-like, and type 3 (unclassified) [4,5,7]. As patients with 
the GCB-like phenotype were found to have more favorable 
clinical courses independently of their IPI scores, the molecular 
distinction between the DLBCL subgroups became important 
[4,5]. Advances in targeted therapy have further increased the 
importance of accurate molecular classification. The nuclear 
factor kappa B (NF-κB) pathway is activated in ABC-DLBCL 
and represents a target for therapeutic strategies [28,29,30]. 
Recently new genetic classifications of DLBCL consisting of 
various genetic alterations and showing different outcomes 
were described [8,9,10,11,27]. Five distinct DLBCL subsets were 

discovered by genomic clustering, including an ABC/GCB-
independent group with biallelic TP53 inactivation, CDKN2A 
loss, and associated genomic instability; two distinct subsets of 
GCB-DLBCLs with different outcomes and targetable alterations; 
and a previously unknown group of low-risk ABC-DLBCLs with 
extrafollicular/marginal zone origin [9,10]. In light of these 
studies, more targeted treatment options are sure to emerge in 
the future. Our understanding of high-grade B-cell lymphoma 
is still developing, but most cases of DLBCL-NOS broadly mirror 
the differentiation and maturation mechanisms active in normal 
B-cell development. Hence, the two main subtypes previously 
defined continue to be recognized, namely the GCB and non-
GCB subtypes [26].

The aim of previous studies reported in the literature has been 
the accurate determination of the molecular subgroups of 
DLBCL cases by using immunohistochemistry, which is more 
feasible in routine clinical practice than GEP analysis [4,5,31]. 
The Hans algorithm was the first and remains the most widely 
used algorithm to investigate correlations between GEP 
results and antigen expression [12]. Although there is a good 
correlation with GEP in a majority of cases, some of the cases 
that are considered as non-GCB according to the Hans algorithm 
(e.g., triple-negative or CD10-MUM1+BCL6+ cases) were found to 
be misclassified [12]. New algorithms including the GCET1 and 
LMO2 antibodies have been reported to have higher correlations 
with GEP results than the Hans algorithm [15,17,18].

GCET1 positivity in DLBCL ranges from 15% to 47% in the 
literature [18,32,33,34,35,36]. In the present study, GCET1 was 
found to be positive in 35.4% of cases, in accordance with the 
literature. Among the cases classified according to the Hans 
algorithm, 22 (88%) of 25 GCB cases and 1 (2.5%) of 40 non-
GCB cases were positive for GCET1. In the study conducted by 
Montes-Moreno et al. [32], GCET1 positivity was found in 21 
(68%) of 31 GCB cases and 3 (14%) of non-GCB cases, similar 
to the rates obtained in our study. Paterson et al. [33] reported 
that 47% of DLBCL cases were positive for GCET1, showing 
the highest concordance with CD10 in comparison to BCL6 
and MUM1. In our study, GCET1 and CD10 showed the highest 
concordance in hierarchical clustering analysis, as reported in 
the literature.

HGAL expression in DLBCL was reported at rates of 28% to 74% 
in the literature [23,34,35,36]. In the study by Natkunam et al. 
[23], HGAL was positive in 68% of DLBCL cases, and overall, 
61 (90%) of 68 GCB cases classified according to the Hans 
algorithm and 32 (47%) of the 68 non-GCB cases were positive 
for HGAL. In our study, HGAL was positive in 53.8% of DLBCL 
cases, including 21 (84%) of 25 GCB cases and 14 (35%) of 40 
non-GCB cases. In both the literature and the present study, 
the high HGAL expression rates among cases with the non-GCB 
phenotype are striking findings.
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LMO2 expression in DLBCL ranges between 15% and 82% in 
the literature [24,34,35,37]. Among cases classified according to 
the Hans algorithm, positive staining was reported in 61%-89% 
of GCB cases and 26%-50% of non-GCB cases [24,25,37]. In 
our study, LMO2 was positive in 63% of DLBCL cases, including 
100% of cases in the GCB group and 40% of those in the non-
GCB group, in line with the literature. LMO2 expression in the 
non-GCB group was high, similar to HGAL. 

DLBCL has three morphological subgroups: centroblastic, 
immunoblastic, and anaplastic [38]. Non-GCB cases show 
immunoblastic morphologies (immunoblast ratio of >50%) 
more frequently than GCB cases. Furthermore, CD10-positive 
cases do not show immunoblastic morphologies [13]. In 
line with the literature, CD10-positive cases did not show 
immunoblastic morphologies in our study. In addition, an 
immunoblastic morphology was seen in 60% of the non-GCB 
cases while it was seen in only 12% of GCB cases. GCET1, HGAL, 
and LMO2 expression levels in cases of DLBCL with centroblastic 
morphology were significantly higher in comparison to cases 
with immunoblastic or anaplastic morphology, as expected.

Considering the reliability of CD10 and only MUM1 positivity 
in reflecting the GC and ABC phenotypes, respectively, we 
calculated the sensitivity and specificity of GCET1, HGAL, 
and LMO2 in determining the GCB phenotype among CD10+ 
and MUM1+CD10-BCL6- cases. The remaining cases, which 
we considered together as the “intermediate group,” were 
evaluated based on those results. Among them, 13 of 25 cases 
were considered to belong to the GCB group in contrast to the 
results of the Hans algorithm. 

Among the 40 FL cases included in the present study, 34 (85%), 
31 (77.5%), and 40 (100%) were positive for GCET1, HGAL, and 
LMO2, respectively. Four cases that were negative for CD10 were 
all positive for LMO2, and three of them were positive for GCET1 
and HGAL. Our findings are in line with previous studies revealing 
the usefulness of these markers in reflecting the GC phenotype 
in CD10-negative FL cases [33,39,40,41,42]. Furthermore, GCET1 
and HGAL were negative in the considered MZL, MCL, ALCL, PTCL, 
SLL, and PBL cases, which were non-GC-derived lymphomas, 
supporting their specificity in the determination of the GC 
phenotype. These findings are also in line with the literature 
[23,24,32,33,36]. LMO2 was negative in the ALCL, PTCL, SLL, and 
PBL cases, but some of the cases of MZL and MCL had focal/
weak positivity. Both the literature and our findings show that 
LMO2 alone does not reflect the GC phenotype specifically and 
it should be used with other markers in the differential diagnosis 
of low-grade B-cell lymphomas [24,36]. 

In this study, GCET1, HGAL, and LMO2 were found to be useful in 
identifying the GC phenotype, and they also seem to be helpful 
in determining the GCB phenotype in cases showing the CD10-

BCL6+MUM1+ or triple-negative immunophenotype. The lack of 
confirmation of the molecular subtypes by GEP studies and the 
lack of clinical follow-up data are the limitations of our study. 
Hence, we cannot be certain about the additive effects of these 
markers in classifying the cell type of origin of DLBCL cases or 
their value in the risk stratification of patients. Nevertheless, 
the high expression levels of GCET1, HGAL, and LMO2 in the 
FL group and low or no expression in the non-GC-derived 
lymphoma group with cytomorphological correlations support 
our results.

Conclusion 

GCET1, HGAL, and LMO2 are sensitive markers for the GC 
phenotype and morphology. In combination with the CD10, 
BCL6, and MUM1 panel, these markers increase the accuracy of 
the subclassification of DLBCL cases into prognostically different 
molecular subgroups and allow the accurate categorization of 
patients for targeted therapies. 
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Supplement Table 1. Morphological/immunohistochemical features of DLBCL cases.

No Morphology Hans algorithm GCET1 HGAL LMO2

Group A

CD10(+)

BCL6(+)

MUM1(-) or(+)

1 CB 

GCB

+ + +

2 CB + + +

3 CB + + +

4 CB + + +

5 CB + + +

6 CB + + +

7 IB + + +

8 CB - - +

9 IB + + +

10 CB + + +

11 IB + - +

12 CB + + +

13 CB + + +

14 CB + + +

15 CB + - +

16 CB + + +

17 CB + + +

18 CB + + +

19 CB - + +

20 CB + + +

Group B

CD10(-)

BCL6(-)

MUM1(+)

1 CB 

  Non-GCB

- + -

2 IB - - -

3 CB - - -

4 AP - - +

5 IB - - -

6 IB - - -

7 IB - + -

8 AP - - -

9 IB - - -

10 IB - - -

11 IB - - +

12 CB - - -

13 IB - - -

14 IB - - -

15 IB - - -

Group C

CD10(-)

BCL6(+)

MUM1(-)

1 CB 

GCB

+ + +

2 CB - + +

3 CB + - +

4 CB + + +

5 CB + + +
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Supplement Table 1. Continued

No Morphology Hans algorithm GCET1 HGAL LMO2

Group C

CD10(-)

BCL6(+)

MUM1(+)

1 IB 

Non-GCB

- - -

2 AP - - +

3 IB - + +

4 CB - + -

5 CB - - -

6 AP - - -

7 IB - + +

8 IB - - +

9 IB - - -

10 IB - - -

11 CB - + +

12 CB - + +

13 CB - + +

14 IB - - -

15 IB - - -

16 IB - - -

17 CB + - +

18 CB - - +

19 CB - + +

20 CB - + +

Group C

CD10(-)

BCL6(-)

MUM1(-)

1 IB 

Non-GCB

- - -

2 CB - + -

3 CB - + +

4 CB - + +

5 CB - + +

CB: Centroblastic, IB: immunoblastic, AP: anaplastic, GCB: germinal center B




