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ABSTRACT

OBJECTIVE: The balance between malignant tumor cells and the connective tissue surrounding them determines the ag-
gressiveness of the tumor. We aimed to understand the effects of mesothelin (MSLN) and fibulinl (FBLN1) expressions on
survival in pancreas ductal adenocarcinoma (PDCA), and also whether these proteins have prognostic value for PDCA.

METHODS: Of 80 patients in total, 40 who underwent the Whipple procedure for diagnosed PDCA between 2009 and 2016,
and 40 patients with diagnosed pancreatitis as the control group, were included in the present study. Immunohistochemically,
MSLN, and FBLN1 expressions were evaluated retrospectively. We assessed the relationship between the degree of MSLN,
FBLN1 expression, clinical-pathological features, and survival rates in PDCA cases.

RESULTS: The median follow-up duration was 11.4 (3—41) months. All of the patients for MSLN and FBLN1 were immune
reactive. We detected a significant difference in MSLN expression between patients with PDCA and control groups, but not in
FBLN1 expression. MSLN, FBLN1 expressions were categorized as lower-higher (L/H) groupings. There was no difference in
the median overall survival (OS) of patients in the MSLN groups. The L-FBLN1 group had a median OS of 18 months (95% CI:
9.51-26.48) versus 14 months (95% CI: 13.021-14.97) in the H-FBLN1 group (interconnective tissue) (p=0.035). According
to Kaplan—Meier analysis, L-FBLN1 expression in the tumor microenvironment was associated with longer survival in PDCA.
The FBLN1 expression in the tumor microenvironment was shown to be significantly inversely related to OS (p=0.05).

CONCLUSION: The FBLN1 expression, which is in the tumor microenvironment of PDCA, may serve as a prognostic biomarker.
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Pancreas ductal adenocarcinoma (PDCA) is an
aggressive cancer and the fourth leading cause of
death worldwide [1]. Despite many targeted molec-
ular therapies available today, 5-year overall survival
rates are around 7—8%. Although 20-25% of the pa-
tients are resectable, their course often involves local
and distant metastases and relapses. PDCA consists

of 85% of cases [2].

Received: November 08, 2021

Tel: +90 424 233 35 55

Revised: December 23, 2021

Correspondence: Asude AKSQY, MD. Firat Universitesi Tip Fakultesi, Tibbi Onkoloji Anabilim Dali, Elazig, Turkiye.
e-mail: asudeaksoy@hotmail.com
© Copyright 2023 by Istanbul Provincial Directorate of Health - Available online at www.northclinist.com

RAS mutations, which are important oncogenes
in the etiopathogenesis of PDCA, Her2/Neu/ERB,
epidermal growth factor receptor (EGFR), fibroblast
growth factor (FGF), insulin growth factor-1, and many
other growth receptors are highly expressed in these pa-
tients, as they are in many cancers (2, 3].

The identification of molecular alterations and ac-
tivities that happen in the initiation and progression
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of PDCA, as well as early diagnosis and treatment of
PDCA, are important targets for PDCA treatment.

The connective tissue component surrounding pri-
mary tumor tissue may be responsible for the long-term
stability of certain cancers despite their aggressiveness
(3, 4]. Fibulin (FBLN), a constituent of the extracellu-
lar component, has been reported to serve as a tumor
suppressor gene in several carcinomas [5, 6]. Mesothe-
lin (MSLN), a surface antigen, is prominent in normal
peritoneal and pericardial cells. This glycoprotein has
been shown to be overexpressed in several malignancies,
especially ovarian cancer, mesothelioma, and pancreatic
cancer, and to have a prognostic value in cancerogenesis
through the Wnt pathway (7, 8]. The aim of this study
was to investigate how MSLN and FBLN1 expressions
affect survival in PDCA patients and whether these pro-
teins have prognostic value for PDCA.

MATERIALS AND METHODS

Patient Selection

The present study includes a total of 80 patients. Our
study was conducted by the departments of medical on-
cology, pathology, and histology, following the approval
of the Faculty of Medicine Board of Ethics at Firat
University (10.11.2016, no: 17/04). For all situations,
written informed permission was provided, which was in
accordance with the Statement of Helsinki.

This study includes 40 patients with PDCA who
underwent Whipple surgery between 2009 and 2016,
and 40 patients who were operated for non-malignant
reasons as the control group and whose last pathol-
ogy was pancreatitis. Case clinical information was
obtained from the hospital's computer data center,
and patients with missing medical data were excluded
from the study.

Patients’ Features

Patients’ baseline information (age, gender, staging,
dates of diagnosis and death/final control, patholo-
gy reports, pre-operative (pre-op) and post-operative
(post-op) computed tomography views, Carsinoembri-
onic antigen (CEA), and Cal9-9 readings as above and
below median values) were recorded. The American
Joint Committee on Cancer-8 guidelines were used to
stage patients diagnosed with PDAC [9]. The therapies
were planned in accordance with the standards of the
National Comprehensive Cancer Network [10]. This

Highlight key points

e The lower FBLN1 (in the acinar tissue) expression has a
favorable factor for estimating longer survival in pancreas
ductal adenocarcinoma.

e Low FBLN1 expression in the pancreatic ductal adenocarci-
noma tumor microenvironment indicates longer survival.

e Immunohistochemically, MSLN expressions can be evaluated
in the diagnosis of pancreas ductal adenocarcinoma.

study included patients with PDAC who had received
gemcitabine/5 FU, cisplatin-based cytotoxic drugs as

adjuvant CT and were diagnosed with local advanced
or advanced disease [9, 10].

Pathological Evaluation

Using polyclonal antibodies and immunological histo-
chemical techniques, we graded biopsy samples based on
the degree of MSLN and FBLN1 expression. The pa-
thologist used polylysine slices 5-6 m thick to convert
paraffin blocks to slides. After passing through a graded
alcohol series for antigen retrieval, embedded in paraffin
tissues in a citrate buffer solution at pH six, they were
cooked in a microwave oven (750W) for 7-5 min. After
blocking the base stain with Ultra V Block (TA-125-
UB, Lab Vision Corporation, USA), primary antibodies
(Anti-e NOS Antibody PA1712-1, Boster Bio, USA)
were incubated for 60 min. The tissues were treated for
30 min with a secondary antibody (anti-mouse/rab-
bit IgG with biotin, Diagnostic Bio Systems, KP 504,
Pleasanton, USA) and then for 30 min with Streptavidin
Alkaline Phosphatase (T'S-060-AP, Lab Systems).

The final preparations were evaluated and photo-
graphed by an independent pathologist using a Leica
DM500 microscope. The FBLN1 and MSLN antibody
control sample subjects were evaluated using endome-
trial carcinoma specimens. The severity (0: none, +0.5:
very few, +1: few, +2: moderate, +3: severe) and extent
of immunological response in the stain (0.1: 25%, 0.4
26-50%, 0.6: 51-75%, 0.9: 76—100%) were used to cal-
culate the histoscore. The histoscore was derived using
the formula (extent X severity). Based on values lower
(L) and higher (H) than that of the median, we separat-
ed the histoscore into two categories: Lower and higher
groups [11]. MSLN and FBLNT1 values were classified
into two groups based on whether they were lower or
higher than the median ([12.7 H-MSLN group, <2.7
L- MSLN group, <1.8 L-FBLNT1 group, and [11.8 H-
FBLNI1 group).
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TABLE 1. The relationships between FBLN1 and MSLN expressions and features of patients

Variables FBLN1 MSLN
L-FBLN1, n H-FBLN1, n p L-MSLN, n H-MSLN, n D
Age 1 0.545
<65 11 10 11 10
>65 10 9 8 11
Gender 1 1
Woman 8 7 7 8
Man 13 12 12 13
Stage 1 0.407
Local advanced 17 16 15 18
Advanced 3 3 4 2
PNI 0.596 1
©) 1 2 1 2
(+) 20 17 18 19
LVI 0.538 0.750
) 11 12 10 13
(+) 10 7 9 8
LVI: Lymphovascular invasion; PNI: Per neural invasion; (+): Present; (-): Absent; L: Low; H: High; MSLN: Mesothelin; FBLN: Fibulin.
Statistical Analysis A B
To analyze the data, we utilized the IBM Statistical
Package for the Social Sciences 24.0 (SPSS Inc., Chica-
go, IL, USA) software system from International Busi-
ness Machines (IBM). Every piece of data was calcu-
lated using the mean and standard deviation. The time
from diagnosis to death or the final visit was defined as
C D

median survival (OS). For evaluating OS, we utilized
Kaplan—Meier analysis and log-rank analysis. To identi-
fy the variables that influence OS, we performed multi-
variate and univariate analysis with the Cox proportion-
al hazards model. The parameters influencing the OS
were evaluated utilizing Spearmen/Pearson correlation
and the Student’s t-test. P<0.05 was accepted to be sta-
tistically significant.

RESULTS

Table 1 shows the demographic and histological charac-
teristics of the patients. The degree of FBLN1-MSLN
expression is unrelated to patients’ demographic or his-
tological characteristics.

In light microscopy examination of immune histo-
chemical staining in PDCA acinar cells compared to the

FIGURE. Histopatholiogical evaluation. (A) Mesothelin immune
reactivity in control pancreas tissue, (B) Mesothelin immune
reactivity in pancreas ductal adenocarcinoma, (C) Fibulinl
immune reactivity in control pancreas tissue, (D) Fibulinl im-
mune reactivity in pancreas ductal adenocarcinoma.

control group, MSLN immune reactivity was statistical-
ly significantly higher as shown in Figure 1A, B, but not
in FBLN1 immune reactivity, as shown in Table 2 and
Figure 1B-D.
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TABLE 2. Histoscore (area x intensity)
Groups Mesothelin Fibulinl
Acinar cells Cancer cells Acinar cells Cancer cells ICT acinar ICT malignant
Control 0.45+0.21 - 0.71+0.20 - 0.65+0.19
PDCA - 2.17+0.52 - 0.85+0.23 2.11+0.90°

Values are given as meanzstandard deviation. a: Compared to the control group, (p<0.05); ICT: Inter connective tissue; PDCA: Pancreas ductal adenocarcinoma.

Survival functions

A 1.0- Mesothelin expression
—1 MSLN low
-1 MSLN high
0.8
§ 0.6
e
a
£
O 0.4
0.2 ] MSLN low
MSLN high
0.0 p=0.648
T T T T T T
00.00 10.00 20.00 30.00 40.00 50.00

Time (month)

Survival functions

B 1.0 - Fibulin 1 expression
1 Fibulin 1 low
- Fibulin 1 high
0.8
§ 0.6
S
§ L
S
O 0.4+ o
Fibulin 1 low
0.2 1
Fibulin 1 high
0.0 p=0.035
T T T T T T
00.00 10.00 20.00 30.00 40.00 50.00

Time (month)

FIGURE 2. Overall survival graphics. (A) Overall survival graphic according to levels of mesothelin expression in pancreas ductal
adenocarcinoma, (B) Overall survival graphic according to level of fibulinl expression in connective tissue in pancreas ductal

adenocarcinoma.

Immune reactivity was statistically significantly higher
in the FBLN1 group than in the control group, as shown
in Table 2 and Figure 1B-D, but not in the FBLN1. In
contrast, FBLN1 immuno reactivity was significantly
more in connective tissue between PDCA cells than in
connective tissue between acinar structures (ICT) in the

control group (p=0.05) (Fig. 1C and D).

The median period of follow-up was 11.4 months
(range 3—41 months).

The H-MSLN group had a median OS of 14 months
(95% CI: 13.09-14.91), whereas the L-MSLN group had
amedian OS of 13 months (95% CI: 6.91-19.86). The Ka-

plan-Meier method and log-rank analyses showed no asso-

ciation between the MSLN groups (p=0.648) (Fig. 2A).

The median OS in the connective tissue was 14 months
(95% CI: 13.021-14.97) for the H-FBLN1 group and
18 months (95% CI: 9.51-26.48) for the L-FBLN1
group, as shown in Figure 2B. L-FBLN1 group had a
considerably longer OS, as seen in (p=0.035).

When the factors affecting OS were evaluated in
terms of MSLN and FBLN1 expressions in univariate
and multivariate analysis, it was observed that only the
age factor was effective as a favorable prognostic factor

on OS (p<0.05) as shown in Tables 3 and 4.
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TABLE 3. Statistical analysis of variables with MSLN affecting survival (n=40)

Variables Univariate analyses Multivariate analyses
(%) p p HR 95% CI
Age 62+11% 0.008 0.002 0.088 0.019-0.404
Gender 0.252 - - -
Woman 37.5
Man 67.5
Stage 0.038 0.986 0.00 0.00-0.00
Local advanced (II-III) 92.5
Advanced (1V) 7.5
MSLN 0.648 - - -
H-MSLN 52.5
L-MSLN 47.5
LVI 0.046 0.100 4.380 0.752-25.498
(+) 42.5
) 57.5
PNI 0.715 - - -
(+) 92.5
) 7.5
Pre-op CEA 2.50+15.81* 0.193 - - -
L-CEA 52.5
H-CEA 47.5
Post-op CEA 0.165 - - -
L-CEA 50
H-CEA 50
Pre-op Ca19-9 24.43+£21.96 0.038 0.145 2.852 0.697-11.670
L-Ca19-9 30
H-Ca19-9 70
Post-op Ca19-9 0.560 - - -
L-Ca19-9 52.5
H-Ca19-9 42.5
Status of CT 0.207 0.929 1.058 0.306-3.664
(+) 62.5
Q) 37.5
Status of RT 0.163 - - -
(+) 45
) 55

LVI: Lymphovascular invasion; PNI: Per neural invasion; CT: Chemotherapy; RT: Radiotherapy; CEA: Carsinoembrionic antigen; *: Median meaning; HR: Hazard ratio;
MSLN: Mesothelin; (+): Present; (-): Absent; Pre-op: Pre operatuar; Post-op: Post operatuar.

According to Spearman/Pearson correlation and Stu- DISCUSSION
dent’s t-test, there was no correlation between degrees of
MSLN, FBLN1 in acinar cells,and OS (r:0.094,p: 0.282), Tumor tissue is made up of tumor tissues surround-
(r: -0.233, p: 0.074), respectively, but there was a weak, ed, sustained, and nested by a mixture of cellular and
negative correlation between OS and the degree of FBLN1  non-cellular connective tissue components. The tumor
expression in connective tissue (r: ‘0.283,p=0.038). microenvironment plays an important role in tumor
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spread. Fibronectin, laminin, angiogenin, tropoelastin,
and proteoglycans are all found in the extracellular matrix
(ECM). The PDCA micro-environment has two essen-
tial components: Severe desmoplasia and severe immu-
nological suppression [4]. In studies, the FBLN family
has been established to have a significant role in the es-
tablishment of an ECM [12-14]. The 19 homologous
members of FGF have been proven to have proangiogen-
ic effects and limit tumor development rate in a variety
of cancer types as well as tissue healing [5, 15]. FBLN1
has four distinct splice variants and is also located on the
22nd chromosome. FBLN1 was activated when FGF re-
ceptors (FGFR) were phosphorylated. FBLN1 has been
known to play a role in the RAS-mitogen-activated pro-
tein (MAPK), phosphatidylinositol-3"-kinase (PI3K)-
Akt signaling (PI3K-Akt), signal transducer, and activa-
tor of transcription pathways [16]. According to recent
research, FBLN1 is overexpressed in various carcinomas
and is implicated in the tumor processing mechanism
(15, 17-19]. Preventing extracellular-signal-regulated
kinase (ERK) stimulation may suppress cancer cell mi-
gration and metastasis through fibronectin [20, 21]. Al-
though there is insufficient information about the role of
FBLN1 in PDCA, tumors, overexpressing FBLN1, act
as a tumor suppressor gene, which also offers good prog-
nostic properties [22—25].

In their researches, some academics came up with var-
ious outcomes. The overexpression of FBLN 1 inhibited
epithelial growth factor (EGFR) activation in non-small
cell lung cancer cell lines, according to Harikrishnan et al.
(26]. FBLN1 was down-regulated by promoter hyper-
methylation in gastric cancer cell lines [27]. The FGFR
inhibitors, such as erdafitinib, have been studied in clin-
ical and non-clinical studies in many solid malignancies
with different phase levels [28—-30]. Researchers have
created treatment alternatives by targeting the FGFR
with the down regulation of the FBLN (31, 32].

The demographic and histopathologic features of pa-
tients with low and high rates of FBLN1 expression (in
acinar) were not correlated in this study.

While FBLN1 levels were assessed directly for tumor
acinar tissue in the previous research, we assessed both
acinar and connective tissue in the tumor microenviron-
ment. We observed that patients with L-FBLN1 in the
tumor microenvironment had a longer duration of OS.
The tumor microenvironment has quite a desmoplas-
tic structure in PDCA. In this desmoplastic area, ECM
proteins are profoundly overexpressed, resulting in a poor
prognosis or even CT resistance. ECM proteins consist of

tumor growth factor-B (TGF-B), FBLN growth factor 2,
and connective tissue growth factor that support secretion
in molecular structures. TGF- plays an important role in
cancer initiation and progression. Tumor cell proliferation
rises as a result of nucleus-stimulated tumor cell transcrip-
tion. The activation of processing mechanisms induces in-
vasion in a hypoxic environment, increasing desmoplasia,
and the following pancreatic tumor tissue becomes more
aggressive. Indeed, these desmoplastic structural compo-
nents have been explored as a potential target of PDCA
in recent years [21, 25, 33]. In this study, PDCA patients
with L-FBLN1 expression had a less desmoplastic mi-
croenvironment and had a better prognostic pattern.

MSLN, a glycoprotein epithelial surface antigen, is a
tumor differentiation antigen that talks back to mesothe-
lium cells with the monoclonal antibody (mAb) K1.
MSLN is located on chromosome 16p13.3 and is made
up of 17 human exons. Experimental investigations
have demonstrated that this soluble molecule acts as a
megakaryotic potentiating factor [27]. MSLN is more
commonly expressed in mesothelioma and gastrointesti-
nal malignancies. It suppresses proapoptotic gene ex-
pression while promoting anti-apoptotic gene expression
(through the PI3K/Act and MAPK/ERK signal trans-
duction pathways), leading to IL-6 production and acti-
vating nuclear factor-B in the proliferation pathway [21].

As a result of these strategies, tumor cells gradually
multiply and evading apoptosis. There are conflicting re-
sults on this issue in the literature. In some studies, pa-
tients with advanced ovarian cancer and high-density
MSLN expression had a better prognosis, while patients
with other cancers with high-density MSLN expression
had a worse prognosis [34, 35]. The expression of MSLN
has been shown to be overexpressed in 80-85% of PDAC
patients. In our investigation, MSLN expression was
revealed to be diagnostic in PDAC. In ovarian cancer,
MSLN interacts with MUC 16 and uses this method to
communicate between cells [36]. In addition, MSLN was
also shown to have an influence on MUC 16 in PDCA
patients in a study conducted by Chen et al. [37] in 2013.
According to other researchers, MSLN overexpression
has not been shown to promote cellular proliferation or
serve as a tumor progression factor in cell line studies.
MSLN overexpression, it turns out and suppresses tumor
development in immune-compromised animals [38]. The
level of MSLN expression had no effect on survival in this
investigation. Clinical studies have also revealed that in-
creased MSLN expression in cancer patients is an unfa-
vorable prognostic factor for survival [8, 39].



320

NorTH CLIN ISTANB

There are various limitations to our study. To begin
with, the number of PDCA cases was restricted. Second,
in this investigation, we exclusively looked at MSLN and
FBLN1 using only immune histochemistry on tumor
tissue and the tumor microenvironment. If we could
have carried out the blood levels of MSLN and FBLN1,
we could have achieved statistical significance regarding
PDCAS proliferation processing mechanism.

Conclusion

The expression of MSLN in PDCATs acinar structures can
be used for diagnostic purposes, but that is not predictive.
L-FBLN1 expression in the tumor microenvironment
is a significant predictive factor for OS in patients with
PDCA.FBLN1 in the ECM may be a potential treatment
target for PDCA. More comprehensive studies to be done
in the future will further strengthen our judgment.

Ethics Committee Approval: The Firat University Clinical Research
Ethics Committee granted approval for this study (date: 10.11.2016,
number: 17/04).

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept — AA; Design — AA; Supervision
— AA, GA; Fundings — AA; Materials — AA, GA; Data collection and/
or processing — AA, GA, TK; Analysis and/or interpretation — AA, TK;
Literature review — AA, MK; Writing — AA, MK; Critical review — AA, MK.

REFERENCES

1. Eloranta S, Smedby KE, Dickman PW, Andersson TM. Cancer sur-
vival statistics for patients and healthcare professionals - a tutorial of
real-world data analysis. ] Intern Med 2021;289:12—28. [CrossRef]

2. Zagouri F, Sergentanis TN, Chrysikos D, Zografos CG, Papadimitrio
CA, Dimopoulos MA, et al. Molecularly targeted therapies in metastatic
pancreatic cancer: a systematic review. Pancreas 2013;42:760-73.

3. Grant T], Hua K, Singh A. Molecular pathogenesis of pancreatic can-
cer. Prog Mol Biol Transl Sci 2016;144:241-75. [CrossRef]

4. Ren B, Cui M, Yang G, Wang H, Feng M, You L, et al. Tumor microen-
vironment participates in metastasis of pancreatic cancer. Mol Cancer
2018;17:108. [CrossRef]

5. Marano E Zunino V, Frairia R, Arvat E, Castellano I, Bosco O, et
al. Fibulin-1 interacts with Sex Hormone Binding Globulin and is
linked to less aggressive estrogen-dependent breast cancers. Life Sci
2018;207:372-80. [CrossRef]

6. Zhu J, Chen R, Mo L, Tang H, Kuang Y, Fei W, et al. Expression of
fibulin-1 predicted good prognosis in patients with colorectal cancer.
Am J Transl Res 2015;7:339-47.

7. BabaK, Ishigami S, Arigami T, Uenosono Y, Okumura H, Matsumoto
M, et al. Mesothelin expression correlates with prolonged patient sur-
vival in gastric cancer. ] Surg Oncol 2012;105:195-9. [CrossRef]

8. Einama T, Kawamata F, Kamachi H, Nishihara H, Homma S, Mat-
suzawa E, et al. Clinical impacts of mesothelin expression in gastroin-
testinal carcinomas. World ] Gastrointest Pathophysiol 2016;7:218-22.

9. Chun YS, Pawlik TM, Vauthey JN. 8th edition of the AJCC cancer
staging manual: pancreas and hepatobiliary cancers. Ann Surg Oncol
2018;25:845-7. [CrossRef]

10. National Comprehensive Cancer Network (NCCN). Pancreatic Ade-
nocarcinoma, Clinical Practice Guidelines in Oncology. Version 2,
2021. Available at: https://www.ncen.org/professionals/physician_
gls/pdf/pancreatic.pdf. Accessed Feb 25, 2021.

11. Ali A, Brown V, Denley S, Jamieson NB, Morton JP, Nixon C, et al.
Expression of KOC, S100P, mesothelin, and MUCI in pancreaticobili-
ary adenocarcinomas: development and utility of a potential diagnostic
immunohistochemistry panel. BMC Clin Pathol 2014;14:35. [CrossRef]

12. Chronopoulos A, Robinson B, Sarper M, Cortes E, Auernheimer V,
Lachowski D, et al. ATRA mechanically reprograms pancreatic stellate
cells to suppress matrix remodeling and inhibit cancer cell invasion. Nat
Commun 2016;7:12630. [CrossRef]

13. Lee NV, Rodriguez-Manzaneque JC, Thai SN, Twal WO, Luque A,
Lyons KM, et al. Fibulin-1 acts as a cofactor for the matrix metallopro-
tease ADAMTS-1. ] Biol Chem 2005;280:34796—804. [CrossRef]

14. Gallagher WM, Currid CA, Whelan LC. Fibulins and cancer: friend or
foe? Trends Mol Med 2005;11:336—40. [CrossRef]

15. Qing J, Maher VM, Tran H, Argraves WS, Dunstan RW, McCormick
JJ. Suppression of anchorage-independent growth and matrigel inva-
sion and delayed tumor formation by elevated expression of fibulin-1D
in human fibrosarcoma-derived cell. Oncogene 1997;15:2159-68.

16. Farooq M, Khan AW, Kim MS, Choi S. The role of Fibroblast
Growth Factor (FGF) signaling in tissue repair and regeneration. Cells
2021;10:3242. [CrossRef]

17. Twal WO, Czirok A, Hegedus B, Knaak C, Chintalapudi MR, Okaga-
wa H, et al. Fibulin-1 suppression of fibronectin-regulated cell adhesion
and motility. J Cell Sci 2001;114:4587-98. [CrossRef]

18. Bardin A, Moll E Margueron R, Delfour C, Chu ML, Maudelonde
T, et al. Transcriptional and posttranscriptional regulation of fibu-
lin-1 by estrogens leads to differential induction of messenger ribo-
nucleic acid variants in ovarian and breast cancer cells. Endocrinology
2005}1462760—8. [CrossRef]

19. Pupa SM, Argraves WS, Forti S, Casalini P, Berno V, Agresti R, et al.
Immunological and pathobiological roles of fibulin-1 in breast cancer.
Oncogene 2004;23:2153—-60. Erratum in: Oncogene 2004;23:6325.

20. Hayashida Y, Lucas A, Rougeot C, Godyna S, Argraves WS, Rochefort
H. Estradiol and fibulin-1 inhibit motility of human ovarian- and
breast-cancer cells induced by fibronectin. Int ] Cancer 1998;75:654-8.

21. Iglesias M, Frontelo P, Gamallo C, Quintanilla M. Blockade of Smad4 in
transformed keratinocytes containing a Ras oncogene leads to hyperacti-
vation of the Ras-dependent Erk signaling pathway associated with pro-
gression to undifferentiated carcinomas. Oncogene 2000;19:4134-45.

22. Wlazlinski A, Engers R, Hoffmann MJ, Hader C, Jung V, Miiller M, et
al. Downregulation of several fibulin genes in prostate cancer. Prostate
2007;67:1770-80. [CrossRef]

23. CuiY, LiuJ, Yin HB, Liu YF, Liu JH. Fibulin-1 functions as a prognos-
tic factor in lung adenocarcinoma. Jpn J Clin Oncol 2015;45:854-9.

24. JieY, Gong]J, Xiao C, ZhengJ, Zhang Z, Li X, et al. The clinical value of
Fibulin-1 for prognosis and its prospective mechanism in intrahepatic
cholangiocarcinoma. HPB (Oxford) 2019;21:499-507. [CrossRef]

25. Xiao W, Wang J, Li H, Guan W, Xia D, Yu G, et al. Fibulin-1 is
down-regulated through promoter hypermethylation and suppresses
renal cell carcinoma progression. ] Urol 2013;190:291-301. [CrossRef]


https://doi.org/10.1111/joim.13139
https://doi.org/10.1097/MPA.0b013e31827aedef
https://doi.org/10.1016/bs.pmbts.2016.09.008
https://doi.org/10.1186/s12943-018-0858-1
https://doi.org/10.1016/j.lfs.2018.06.024
https://doi.org/10.1002/jso.22024
https://doi.org/10.4291/wjgp.v7.i2.218
https://doi.org/10.1245/s10434-017-6025-x
https://doi.org/10.1186/1472-6890-14-35
https://doi.org/10.1038/ncomms12630
https://doi.org/10.1074/jbc.M506980200
https://doi.org/10.1016/j.molmed.2005.06.001
https://doi.org/10.1038/sj.onc.1201385
https://doi.org/10.3390/cells10113242
https://doi.org/10.1242/jcs.114.24.4587
https://doi.org/10.1210/en.2004-1239
https://doi.org/10.1038/sj.onc.1207323
https://doi.org/10.1002/(SICI)1097-0215(19980209)75:4%3C654::AID-IJC26%3E3.0.CO;2-7
https://doi.org/10.1038/sj.onc.1203764
https://doi.org/10.1002/pros.20667
https://doi.org/10.1093/jjco/hyv094
https://doi.org/10.1016/j.hpb.2018.09.002
https://doi.org/10.1016/j.juro.2013.01.098

Aksoy et al., Fibulinl and mesothelin in the pancreas cancer

321

26.

27.

28.

29.

30.

31.

32.

Harikrishnan K, Joshi O, Madangirikar S, Balasubramanian N. Cell de-
rived matrix fbulin-1 associates with epidermal growth factor receptor
to inhibit its activation, localization and function in lung cancer calu-1
cells. Front Cell Dev Biol 2020;8:522. [CrossRef]

Cheng Y, Jin H, Liu X, Siu J, Wong Y, Ng E, et al. Fibulin 1 is down-
regulated through promoter hypermethylation in gastric cancer. Br J
Cancer 2008;99:2083—7. [CrossRef]

D’Angelo A, Bagby S, Galli IC, Bortoletti C, Roviello G. Overview of
the clinical use of erdafitinib as a treatment option for the metastatic
urothelial carcinoma: where do we stand. Expert Rev Clin Pharmacol
2020;13:1139-46. [CrossRef]

Bahleda R, Italiano A, Hierro C, Mita A, Cervantes A, Chan N, et al.
Multicenter phase I study of Erdafitinib (JNJ-42756493), oral pan-fi-
broblast growth factor receptor inhibitor, in patients with advanced or
refractory solid tumors. Clin Cancer Res 2019;25:4888—-97. [CrossRef]
Montazeri K, Bellmunt J. Erdafitinib for the treatment of metastatic
bladder cancer. Expert Rev Clin Pharmacol 2020;13:1-6. [CrossRef]
Haura EB, HicksJK, Boyle TA. Erdafitinib overcomes FGFR3-TACC3-
mediated resistance to Osimertinib. ] Thorac Oncol 2020;15:e154-6.
Palakurthi S, Kuraguchi M, Zacharek SJ, Zudaire E, Huang W, Bonal
DM, et al. The combined effect of FGFR inhibition and PD-1 blockade
promotes tumot-intrinsic induction of antitumor immunity. Cancer

Immunol Res 2019;7:1457—-71. [CrossRef]

33.

34.

35.

36.

37.

38.

39.

Whatcott CJ, Diep CH, Jiang P, Watanabe A, LoBello J, Sima C, et
al. Desmoplasia in primary tumors and metastatic lesions of pancreatic
cancer. Clin Cancer Res 2015;21:3561—8. [CrossRef]

Cheng WE Huang CY, Chang MC, Hu YH, Chiang YC, Chen YL, et
al. High mesothelin correlates with chemoresistance and poor survival
in epithelial ovarian carcinoma Br J Cancer 2009;100:1144-53.

Yen MJ, Hsu CY, Mao TL, Wu TC, Roden R, Wang TL, et al. Dif-
fuse mesothelin expression correlates with prolonged patient survival in
ovarian serous carcinoma. Clin Cancer Res 2006;12:827—31. [CrossRef]
Winter JM, Tang LH, Klimstra DS, Brennan Murray E Brody JR,
Rocha FG, et al. A novel survival-based tissue microarray of pancre-
atic cancer validates MUCI and mesothelin as biomarkers. PLoS One
2012}7:640157. [CrossRef]

Chen SH, Hung WC, Wang P, Paul C, Konstantopoulos K. Mesothe-
lin binding to CA125/MUC16 promotes pancreatic cancer cell motili-
ty and invasion via MMP-7 activation. Sci Rep 2013;3:1870. [CrossRef]

Zervos E, Agle S, Freistaedter AG, Jones GJB, Roper RL. Murine
mesothelin: characterization, expression, and inhibition of tumor
growth in a murine model of pancreatic cancer. ] Exp Clin Cancer Res
2016;35:39.

Kendrick ZW, Firpo MA, Repko RC, Scaife CL, Adler DG, Boucher
KM, et al. Serum IGFBP2 and MSLN as diagnostic and prognostic
biomarkers for pancreatic cancer. HPB (Oxford) 2014;16:670-6.


https://doi.org/10.3389/fcell.2020.00522
https://doi.org/10.1038/sj.bjc.6604760
https://doi.org/10.1080/17512433.2020.1823830
https://doi.org/10.1158/1078-0432.CCR-18-3334
https://doi.org/10.1080/17512433.2020.1702025
https://doi.org/10.1016/j.jtho.2019.12.132
https://doi.org/10.1158/2326-6066.CIR-18-0595
https://doi.org/10.1158/1078-0432.CCR-14-1051
https://doi.org/10.1038/sj.bjc.6604964
https://doi.org/10.1158/1078-0432.CCR-05-1397
https://doi.org/10.1371/journal.pone.0040157
https://doi.org/10.1038/srep01870
https://doi.org/10.1186/s13046-016-0314-2
https://doi.org/10.1111/hpb.12199



