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Abstract

was not clarified up to now.

in patients with CRC with overexpression of FGF9 (P < 0.02).

in CRC.

Background: Fibroblast growth factor 9 (FGF9) or Glia activating factor (GAF) is categorized in the paracrine class of the FGF family,
whichisinvolved in various cancer developmentand progressions. Interestingly, the invasion role of FGF9 in colorectal cancer (CRC)

Objectives: In the present investigation, the lymphatic and vascular invasion characteristic of FGF9 was figured out in fresh frozen
(FF) tissue samples and paired Formalin-fixed, paraffin-embedded (FFPE) tissues.

Methods: The present invasion study according to FGF9 expression evaluation was performed on 80 cancerous resected fresh tissues
and 40 paired paraffined block specimens parallel with 80 adjacent non-tumoral tissue samples. RNA extraction and cDNA synthesis
were performed; qRT-PCR at mRNA level was applied. FGF9 expression correlation with clinical parameters was defined by the Mann-
Whitney U-test. ROC curve and Kaplan-Meier analyses were designed to show the value of prognostic biomarker of FGF9.

Results: Accordingly, 52% of fresh tissue samples and 51% of FFPE specimens were upregulated in comparison with corresponding
normal tissues. A significant correlation was seen between FGF9 expression level and tumor stage (P < 0.0017, P < 0.03), lymph
node metastasis (P < 0.001, P < 0.047), and vascular invasion (P < 0.004, P < 0.047) in fresh tissue samples and paraffined blocks,
respectively. ROC was created to distinguish stage I and II from III and IV in FF and FFPE samples, respectively (P < 0.002, P < 0.031).
Likewise, the AUC evaluation in both fresh and paraffined samples was similar. The overall survival was lower in 3 years of follow-up

Conclusions: Altogether, it can be deduced that lymphatic and vascular invasion correlated with FGF9 upregulation since FGF9 can
be used as an effective prognostic biomarker according to pathologic results even in paraffined block samples or FF tissue specimens

Keywords: FGF9, Colorectal Cancer, Lymphatic Invasion, Biomarker

1. Background

Despite recent advances in diagnosis and treatment
of colorectal cancer (CRC), this disease is still classified as
a serious gastrointestinal carcinoma, accounting for 551
269 deaths in 2018 (1). The prevalence of CRC was esti-
mated at 33.3% worldwide, and it was classified as one of
the top 5 cancers associated with mortality in both men
and women. Also, CRC is the third cancer with the highest
rate of incidence and the second cancer with the highest
rate of mortality (2).

Therapeutic strategies for advanced stages of CRC have

led to a 5-year survival rate below 50% in developing coun-
tries (3). Since certain prognostic markers allow physicians
toselect the primary therapeutic strategies (3, 4), the grade
of invasion is an informative characteristic that should be
recognized as a primary parameter in CRC progression (5).
At the beginning of metastasis, lymphatic invasion leads to
the migration of malignant cells to lymphatic vessels (6).
Therefore, the detection of lymph node involvement and
vascular invasion in tumor formation, which was previ-
ously described by Goldhisrch in patients with breast can-
cer, can be incorporated in interventional programs (7).
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Growth factors are recognized parameters in cancer
progression and development. Fibroblast growth factors
(FGFs) are among these important growth factors. FGFs
are divided into 3 groups of paracrine, intracrine, and en-
docrine, which play critical roles in tumor progression, pri-
mary tumor development, and tissue repair (8, 9). FGF9,
a member of the paracrine family, is mainly secreted by
the Homo sapiens glioma cell line and is known as a glia-
activating factor (10). FGF upregulation has been discussed
and confirmed in various cancers, such as lung, prostate,
and gastric cancers (9, 11, 12). For marker selection, archival
formalin-fixed, paraffin-embedded (FFPE) tissue samples
have been used based on the fresh frozen (FF) specimen
reactivity in quantitative real time-polymerase chain reac-
tion (qQRT-PCR) assays. Although FF samples are reported to
be morereliable for expression experiments, simple collec-
tion and storage of FFPE tissues make them a valuable op-
tion for molecular investigations (13).

2. Objectives

This study aimed at evaluating lymphatic and vascu-
lar invasion during FGF9 overexpression in FF tumor tis-
sues and FFPE specimens based on clinical and patholog-
ical data to make comparisons with the normal adjacent
tissues and to determine if FGF9 can be considered a prog-
nostic biomarker for CRC stages.

3. Methods

3.1. Study Population

This study was conducted on 80 FF specimens and
paired 40 FFPE tissue samples collected from patients, who
were referred to Taleghani Hospital affiliated to Shahid
Beheshti University of Medical Sciences (Tehran, Iran) for
tumor resection surgery, in addition to 80 adjacent non-
tumor tissue samples. The specimens were selected by
defining adequate RNA extraction in patients without a
history of radiotherapy or chemotherapy in their medi-
cal reports. Also, 25 normal individuals visiting the gas-
trointestinal clinic for screening programs were included
in this study based on their colonoscopy reports. Patients
with a non-CRC cause of death or loss to follow-up were ex-
cluded from the study.

The clinicopathological data of the participants were
confirmed by two senior pathologists. Ethical approval
was obtained from the Medical Ethics Committee of the
Department of Cancer Prevention of Research Center
for Gastroenterology and Liver Diseases (RCGLD) (code:
IR.SBMU.RIGLD.REC.1396.180). Informed consent forms
were collected following the Declaration of Helsinki (14).

Written informed consent was obtained from all partici-
pants, whose information was included in this study. All
resected tissues were directly added to liquid nitrogen and
stored at-80°C.

3.2. Sample Preparation

RNA extraction from tissue samples was performed by
using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
based on the manufacturer’s protocol. In brief, tissue spec-
imens were homogenized in 1 mL TRIzol reagent. Then,
0.2 mL of chloroform was mixed for protein extraction
and 0.5 mL isopropanol was used for precipitation. The
quantity and quality with the amount of total extracted
RNA were measured by using Nanodrop (Nanodrop Tech-
nologies Inc., Wilmington, DE, USA) (15). For FFPE RNA ex-
traction, 10 pum sections of thick blocks were added to 1.5
mL microtubes. For deparaffinization, 1 mL of xylene was
added to the tubes for 10 minutes. To confirm complete de-
paraffinization, xylene was added once again; then, 1 mL of
absolute ethanol was added twice for 20 minutes (16). Next,
total RNA extraction was performed, using the RNeasy FFPE
Kit(Qiagen, Germany). The total extracted RNA density was
examined by a Nanodrop system (Thermo Fisher Scientific,
Waltham, MA, USA).

3.3. cDNA Synthesis and qRT-PCR Assay

The cDNA was synthesized from 500 ng of mRNA ac-
cording to the Takara protocols (Takara, Dalian, Liaoning,
China). The qRT-PCR assay was conducted in 40 cycles at
94°C for 30 seconds, at 60°C for 30 seconds, and at 72°C for
30 seconds on aretrogene (Applied Biosystems, Foster City,
CA, USA) with 1.0 uL of 0.1 diluted and synthesized cDNA
and SYBR Green Real-Time PCR Master Mix (Takara, Dalian,
Liaoning, China).

The internal controls for normalizing the expres-
sion levels included p-globin (forward primer, 5-
TGCTGTCTCCATGTTTAGTGTATCT-3’ and reverse primer,
5-TCTCTGCTCCCCACCTCTAAGT-3') and GAPDH (forward
primer, 5-GCTCTCTGCTCCTCCTGTTC-3’ and reverse primer,
5"-ACGACCAAATCCGTTGACTC-3’). Also, the sequence of de-
signed primers using Primer3 for FGF9 was as follows:
FGF9 forward primer, 5-GCAGTCACGGACTTGGATCAT -3’
and FGF9 reverse primer, 5-TCCAGAATGCCAAATCGGCT-3’).

3.4. Statistical Analysis

The FGF9 mRNA expression was analyzed based on the
relative quantification (RQ) by the 222 method. Upreg-
ulation was confirmed in patients with RQ above the esti-
mated median, and downregulation was confirmed in pa-
tients, whose RQ was below the estimated median. All ex-
pression experiments were performed in duplicate. The
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overall survival (OS) of patients with cancer was deter-
mined as the time from the primary diagnosis of cancer
until death because of relapse or metastatic outcomes. All
data related to the association between FGF9 expression
and clinicopathological parameters were measured, us-
ing SPSS version 21 (SPSS Inc., Chicago, IL, USA) and Mann-
Whitney U test in GraphPad Prism 8.0 (GraphPad, CA, USA).
Descriptive analyses were performed to present the data
as mean = standard deviation (SD). The receiver operat-
ing characteristic (ROC) curve was also plotted to assess
the prognostic value of FGF9 as a biomarker. Moreover, the
Kaplan-Meier survival curve was used to determine the ef-
fect of FGF9 expression on the mortality rate. The level of
statistical significance was set at P < 0.05.

4. Results

4.1. FGF9 Upregulation in CRC Patients

The FGF9 upregulation was significant in FF cancer tis-
sues and FFPE specimens in comparison with the normal
adjacent tissue samples from patients with CRC (P < 0.033
and P < 0.0007, respectively) (Figure 1). Nearly 52% of FF
samples and 51% of FFPE specimens showed higher FGF9
expression levels than the median level and were catego-
rized in the high-expression group. The rest of the speci-
mens, which showed expression levels under the median
level (48% and 49%, respectively), were classified in the low-
expression group.

4.2. Association of FGF9 Expression with the Clinicopathologi-
cal Data

Subsequent analyses of FFPE and FF tissue samples
were carried out to define the effects of clinical parameters
on CRC progression. A significant association was found
between the FGF9 expression in FFPE and FF specimens and
tumor, node, metastasis (TNM) stage (P < 0.003 and P <
0.013, respectively), lymph node invasion (P < 0.047 and P
< 0.0001, respectively), and vascular invasion (P < 0.047
and P < 0.004, respectively). Other clinical data, such as
gender and age were also significant in the FF specimens
(P< 0.0052 and P < 0.01, respectively), but not in the FFPE
specimens. However, other clinical data, including the tu-
mor size, pathologic tumor differentiation, and involved
tumor region showed no significant relationship with the
FGF9 expression in the FFPE or FF samples (Table 1).

The FGF9 mRNA expression in FF tissue samples and
FFPE specimens was measured by the qRT-PCR assay, and
the plotted diagram specified the elevated RQ in FF sam-
ples versus FFPE samples (Figure 2). Next, a correlation
analysis was carried out to determine the r-value. The anal-
ysis of correlations clarified the relationship between the
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two types of samples. The Pearson’s coefficient was es-
timated at 0 to 1, which shows that variables tended to
change together; however, the correlation was not signif-
icant (r=0.06,P < 0.68) (Figure 3).

4.3. FGF9 Measurement as a Prognostic Biomarker of CRC Stage

The FGF9 expression was determined as a prognostic
biomarker by plotting the ROC curve for both types of spec-
imens. The AUC for CRC stages I and II and CRC stages III
and IV in terms of FGF9 expression was 72.47% in FF tis-
sue samples with a sensitivity of 78.57% and specificity of
66.67% (P < 0.007). The corresponding AUC in the FFPE
samples was 69.38% with a sensitivity of 58.82% and speci-
ficity of 78.26% (P < 0.03). Therefore, it can be deduced that
FGF9 is a prognostic biomarker for distinguishing the CRC
stages. The FF and FFPE specimens were not significantly
differentaccording to the ROC curve analysis; however, the
FF tissue samples were more sensitive for discrimination of
CRC stages (Figure 4).

4.4. Invasion in Patients with CRC and 0S

The expression level of FGF9 was examined concern-
ing OS in all FF and FFPE samples. The results revealed
that CRC cases with high expression levels of FGF9 had
shorter survival than those with low FGF9 expression (log-
rank HR: 2.47; 95% CI:1.094 - 5.253; P < 0.02). Also, regard-
ing the association between invasion and FGF9 expression,
the Kaplan-Meier and log-rank tests were used for patients
with lymphatic and vascular metastasis; lack of invasion
was reported in paired FF and FFPE samples. The results re-
vealed that OS was remarkably longer in patients with CRC
with no invasion, compared to patients with vascular and
lymph node metastasis (log-rank HR: 0.32; 95% CI: 0.1151 -
0.9446; P < 0.038) (Figure 5).

5. Discussion

In the present study, we evaluated lymph node metas-
tasis and vascular invasion according to the expression
level of FGF9 and clinicopathological features, using RT-
PCR assays. The results demonstrated that FGF9 overex-
pression was significant in tumoral FF and FFPE samples in
comparison with the normal adjacent tissues and normal
controls (data not shown). The FGF9 upregulation in both
types of samples was within a similar range. The archived
paraffin blocks provided consistent data, which could be
used for molecular experiments in retrospective studies.

As shown in Table 1, the upregulation of FGF9 mRNA ex-
pression was correlated with a higher stage of CRC, lymph
node metastasis, and vascular invasion, which were the
main causes of rapid tumor growth in the progression of
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Figure 1. Over expression of FGF9 (A) tissue resected fresh (FF) and (B) paraffined (FFPE) specimens. * Dct, Delta CT; * T, Tumor specimen; * N, AD] normal specimen.
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Figure 2. Log2 expression level of FGF9 compared in FF (Fresh Frozen) and FFPE (For-
malin Fix Paraffin Embeded) tissues.

cancer. In this regard, Ohgino et al. (13) evaluated FGF9
expression in non-small cell lung cancer cells, using im-
munohistochemistry. The results indicated FGF9 upregu-
lation in only 10% of specimens with poor prognosis. Also,
the association of FGF9 expression with the stage of disease
and lymph node metastasis was indicated in patients with
lung cancer (16, 17). Moreover, a study compared FGF9 up-

FGF9

eo®
o °,
FF o
o N X
I T T T T T T T e.l
10 -5 [

r=0.06
*p<0.68

FFPE

Figure 3. FGF9 expression correlation between FF and FFPE tumoral tissue samples.

regulation between the samples of patients with prostate
cancer and control samples by qRT-PCR assay and Western
blotting. The results showed that cancer progression and
metastasis both had a relationship with FGF9 expression
(18,19). Also, Jibiki et al. examined the correlation between
FGF expression and clinicopathological parameters both
serologically and pathologically and found that lymphatic
invasion was associated with FGF expression (20).

Based on the molecular analyses, there are major ob-
stacles in the diagnosis and prognosis of CRC, which have
not been resolved because of the special nature and char-
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Table 1. Association of FGF9 Expression with Clinical Parameters in FF and FFPE Specimens of CRC Patients®

Parameters FFPE Samples, Mean + SD of RQ P-Value FF Samples, Mean + SD of RQ P-Value

Sex 0.62 0.0052
Male 537+ 4.22 0.73 £ 1.002
Female 3.87 +3.89 0.68 + 0.66

Age 0.81 0.01°
<50 438 +4.20 0.47 £ 0.52
> 50 6.26 £ 4.51 0.83+0.98

Tumor size 0.71 0.56
<s 2.84 +2.91 0.69 = 0.89
>5 6.51+ 5.00 0.96 £ 1.10

TNM stage 0.003" 0.013"
Iand I 261271 0.66 + 0.72
Il and IV 8.25 1 8.02 0.79 £115

Lymphnode metastasis 0.047° < 0.0001°
No (No) 2.57 +2.76 0.10 £ 0.24
Yes (N1, N2, N3) 8.45 £ 8.26 0.78 =117

Vascular invasion 0.047" 0.004°
No 2.85 £ 2.91 0.61+ 0.73
Yes 9.01+£ 9.62 0.85 +1.25

Differentiation 0.63 036
Well + moderate 4.75 £ 3.87 0.67 £ 0.78
Poor 7.60 £ 6.50 0.87 £1.03

Abbreviations: AUC: area under curve; cDNA, complementary DNA; CRC, colorectal cancer; FF, fresh frozen; FGF: fibroblast growth factor; FGF9, fibroblast growth factor
9; FFPE, formalin-fixed, paraffin-embedded; LncRNA, long non-coding RNA; ROC, receiver operating characteristic; TNM, tumor, node, metastasis.

#Mann-Whitney U-test.
bSigniﬁcant atP< 0.05.
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Figure 4. ROC curve illustrates the prognostic significance of FGF9 in FF samples
and paraffin blocks.
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acteristics of CRC (21-24). Early detection of CRC can reduce
the mortality of this disease, which is one of the deadli-
est cancers worldwide. Therefore, accurate biomarkers are
needed to reduce the late prognosis problem of CRC. In
previous studies, FGFs and their dependent pathways were
considered appropriate targeted therapy for various can-
cers (25,26). In other words, when FGFs were secreted from
epithelial cells, growth improvement was observed.

According to the ROC curve for biomarker selection,
FGF9 could be considered a major prognostic biomarker
with an AUC of 72% in FF samples and 69% in FFPE samples
from patients with CRC. To the best of our knowledge, RNA
isolation from FF tissue samples can provide extremely re-
producible information. Besides, FF samples have been ap-
proved for their sensitivity and specificity in molecular ex-
periments. In the present study, we found that the speci-
ficity of the FFPE solid base for the measurement of gene
expression must be considered, using the traditional RNA
extraction and cDNA synthesis methods.
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Figure 5. Kaplan-Meier analysis demonstrates the overall survival of CRC patients according to (A) FGF9 expression and (B) Lymphatic and Vascular Invasion

In the present study, the ROC curve analysis showed
that both FF tissue samples and FFPE specimens could be
used for CRC diagnosis; however, for more sensitive results
to distinguish between high and low CRC grades, FF tis-
sues were more beneficial. The FGF9 overexpression and
lymphatic and vascular metastasis were significantly asso-
ciated with the OS rate in patients with CRC (27). In this
regard, White et al. conducted an animal survey based on
FGF9 upregulation (28). Ohgino et al. (13) also suggested
that FGF9 could be considered a candidate driver onco-
gene; the microarray analysis of FGF9 expression indicated
a significant correlation with survival in CRC.

In conclusion, FGF9 upregulation was associated with
tumor stage and invasion and led to the rapid devel-
opment and progression of CRC. For invasion detection,
FGF9 could be used as a suitable biomarker to reduce the
prognosis time for survival improvement; therefore, FGF9
might be used in routine invasion detection. The findings
revealed that archived FFPE specimens could facilitate ret-
rospective studies of intriguing gene expressions in the fu-
ture.
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