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Abstract

BACKGROUND

Connective tissue growth factor (CTGF) is a mediator of transforming growth
factor-beta signaling and plays a key role in connective tissue remodeling, inflam-
matory processes and fibrosis in various illnesses including cancer.

AIM
To investigate the role of CTGF in colorectal cancer (CRC) progression and to
compare the CTGF expression with different clinicopathological parameters.

METHODS

Real-time polymerase chain reaction, immunohistochemistry and Western
blotting was performed to evaluate the CTGF expression and the results were
statistically analyzed against the clinicopathological variables of patient data
using STATA software version 16.

RESULTS
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CTGF expression levels in tumor specimens were significantly higher than their
paired normal specimens. The higher protein expression levels showed a
significant association with smoking, staging, tumor grade, invasion depth,
necrosis of tumor tissue, and both lymphovascular and perineural invasion. As
per the cox regression model and classification tree analysis, tumor-node-
metastasis stage and perineural invasion were important predictors for CTGF
expression and prognosis of CRC patients. Survival analysis indicated that CTGF
overexpression was associated with poorer overall and disease-free survival.

CONCLUSION

Expression of CTGF was increased in CRC and was linked with poor overall and
disease-free survival of CRC patients. These findings support prior observations
and thus CTGF may be a possible prognostic marker in CRC.

Key Words: Connective tissue growth factor; Quantitative real time polymerase chain
reaction; Immunohistochemistry; Western blotting; Colorectal cancer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study demonstrates that connective tissue growth factor is overexpressed
in colorectal carcinoma and is predominantly localized in the cytoplasm of the cell.
The expression pattern of this gene showed a substantial association with aggressive
phenotypes of colorectal cancer like late-stage tumor and lymph node metastasis. It
also showed a significant correlation with the overall and disease-free survival of
colorectal cancer patients, hence could act as a predictive biomarker for diagnostics
and prognostics of colorectal cancer.

Citation: Bhat IP, Rather TB, Maqgbool I, Rashid G, Akhtar K, Bhat GA, Parray FQ, Syed B,
Khan IY, Kazi M, Hussain MD, Syed M. Connective tissue growth factor expression hints at
aggressive nature of colorectal cancer. World J Gastroenterol 2022; 28(5): 547-569

URL: https://www.wjgnet.com/1007-9327/full/v28/i5/547 htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i5.547

INTRODUCTION

Colorectal cancer (CRC) ranks 3™ worldwide in terms of prevalence and is the second
most common type of cancer in terms of mortality, with bowel cancer being the fourth
most common cancer and rectal cancer being the eighth most common cancer in
world. In 2020, more than 1.9 million new CRC cases including the anus and 935000
deaths were expected, accounting for about one in every ten cases and deaths[1].
Transitioned countries have a four-fold higher incidence rate than transitional
countries, but there is less difference in death rates due to the higher fatality rate in
transitioning countries[2]. However, most of the cases and deaths are attributed to
modifiable risk factors, such as smoking, certain types of diets, high alcohol
consumption, sedentary lifestyle, and being over-weight or obese, and thus potentially
evadable. Other clinicopathological characteristics like age, family history of CRC or
personal history of inflammatory bowel disease or colon polyps and many other
inherent risk factors that cannot be modified have progressively been recognized as
contributing to a more individual prognosis prediction in CRC[3,4]. CRC is a disease
of modernity and heterogeneity: It has the highest rates of incidence and almost 60% of
cases are encountered in developed countries. In India, the age-standardized average
for CRC is poor, at 7.2 per 100000 for men and 5.1 per 100000 for women[3].

Connective tissue growth factor (CTGF) or CCN-family protein 2 (CCN2), is a
member of the CCN family. The acronym CCN was assigned to this family after the
initials of the first three proteins which include cysteine rich-61 (Cyr61/CCN1),
connective tissue growth factor (CTGF/CCN2) and nephroblastoma overexpressed
(Nov/CCNB3)[5]. WNT1 inducible signaling pathway proteins WISP1/CCN4,
WISP2/CCN5 and WISP3/CCNG6 are other members of this family[6]. These proteins
manifest roles in cellular mechanisms like cell proliferation, apoptosis, cell-cell
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adhesion, ion-transport, extracellular matrix production, growth arrest, migration in
numerous cell types, chemotaxis and motility[7]. CTGF is also related to growth of
bone, cartilage, angiogenesis and is associated with a number of biological response
modifiers[8,9]. CTGF expression has been linked to a variety of disorders, including
diabetic nephropathy, arthritis, cardiovascular disease, and retinopathy as well as
many types of malignancies[10-14]. CTGF shows an aberrant expression in variety of
cancers like pancreatic cancer cells[12], breast[15], esophageal cancers[11], in gliomas
[10] and invasive melanomas[16]. Expression studies of CTGF in CRC have been
reported by some groups[17,18], but no such study has been conducted in our
population to date. The Kashmir valley, located in India's extreme north, is very
unique in its climate, diet and geology. CRC is the fourth most prevalent kind of
cancer in the Kashmir valley, after stomach, esophageal, and lung with a significant
increase in a number of cases[19]. To further explore the potential role of CTGF in
CRC, we looked at its expression and localization and compared the findings to critical
clinicopathological parameters like tumor grade, tumor-node-metastasis (TNM) stage,
Duke stage, lymph node metastasis, lymphovascular invasion (LVI), perineural
invasion (PNI) and so on. We also performed a survival study analysis on the CRC
patients to see whether CTGF has a prognostic role in the disease. In patients with
CRC, TNM staging remains the most important prognostic predictor. The systemic
spread of tumor cells via metastasis is the major factor that leads to cancer recurrence
and prognosis. As a result, including LVI and PNI into the present TNM staging
method may provide a more accurate indication of patient prognosis in any stage of
CRC, allowing for more effective adjuvant therapy planning and patient follow-up.

MATERIALS AND METHODS

Patient specimens

Seventy-one (n = 71) histopathological confirmed human CRC tissues along with
adjacent normal tissues (study controls) were taken for the study, which included 38
males and 33 females. The specimens were taken from the subjects who underwent
primary surgical resection for CRC at the Department of General and Minimal
invasive Surgery, Sher-i-Kashmir Institute of Medical Science (SKIMS) Srinagar.
Patients who received neoadjuvant or chemoradiotherapy were excluded from our
study. Specimens were preserved in RNA Later (Sigma-Aldrich Burlington, MA) for
RNA extraction and held in -80 °C till further processing. For immunohistochemistry
(IHC), formalin fixed and paraffin embedded blocks of the same specimens and their
adjacent normal blocks were collected from the Department of Pathology, SKIMS. Both
the samples and blocks were taken in accordance with SKIMS Research Ethics
Committee’s approved protocol and with the patient’s written consent.

RNA isolation and cDNA synthesis and real-time polymerase chain reaction

Total RNA was extracted by the Trizol method (Invitrogen Waltham, MA, United
States)[20]. The absorbance at A260/280 of 1.8-2 was considered “pure” for RNA. After
DNase-I (Qiagen) treatment, as per the manufacturer’s instructions, complementary
DNA (cDNA) was synthesized using RevertAid First Strand cDNA Synthesis Kit
(#K1622; Thermo Scientific Ltd, Waltham, MA, United States). In a final volume of 20
pL, 1g RNA was reverse transcribed using AMV Reverse Transcriptase and random
hexamers. The cyclic conditions were 5 min at 25 °C, then 60 min at 42 °C and finally 5
min at 70 °C. Quantitative real time polymerase chain reaction (QRT-PCR) was done
using SYBR Green Master Mix (Thermo Fisher Scientific Ltd) in Piko-Real PCR
machine (Thermo). Experiments were carried out in triplicates with effects of each
being standardized against the housekeeping gene GAPDH. The following primers
were used; CTGF-fp: 5 CTCCTGCAGGCTAGAGAAGCS'; rp: 5 GATGCACTTTTTGC-
CCTTCTT3’. GAPDH-fp: 5’CACCACCAACTGCTTAG3’; rp: 5’CTTCAC-
CACCTTCTTGATG'. The Cycle Threshold (Ct) was used to describe the expression of
CTGF messenger RNA (mRNA). The relative expression levels were determined using
Livak and Schmittgen’s 2-***method[21].

The mean Ct values for the gene of interest (CTGF) and the control gene (GAPDH)
were estimated. ACt was calculated by subtracting the average of triplicate CTGF Ct
values from the average of triplicate GAPDH Ct values. The AACt stood for the
difference between the paired tissues samples, which was determined using the
formula AACt=ACt of tumor-ACt of normal. The fold-change in tumor levels relative to
surrounding normals was estimated as 2*4“". Denaturation at 95 °C for 7 min, 40 cycles
of denaturation; 95 °C for 5 min, annealing; 59 °C for 50s and extension; 60 °C for 30s
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were used in the qRT-PCR reaction. There was no non-specific product formation
according to the melt curve review.

Protein extraction and Western blot assay

About 50-100 mg tissue specimens were washed thrice with icy-cold phosphate-saline
buffer in a centrifuge at 3567g for 5-min. The Tissue sections were then homogenized
in RIPA Lysis buffer (Cat#20-188; Lot#3283787), to which 1 mmol/L sodium fluoride,
1 mmol/L PMSF and protease inhibitor cocktail 10 pL per 1 mL of lysis buffer were
added immediately prior to use. After lysis samples were vortexed for 15 s and then
incubated on ice for 40 min. Centrifugation at 73 g for 20 min was done and the
supernatant containing extracted protein was collected, the protein concentration was
measured spectrophotometrically at 595 nm by using Bradford’s assay. Protein extract
was run on a 12% sodium dodecyl sulphate (SDS) polyacrylamide gel after being
preheated at 95 °C for 5 min in reducing SDS sample buffer containing 50 mmol/L
TrisHCI (pH6.8), 2% SDS, 10% glycerol, 0.1% bromophenol blue and 100 mmol/L
mercaptoethanol. The proteins isolated were transferred to a polyvinylidene difluoride
(PVDF) membrane (Millipore, United States) by semidry transfer method following
the manufacturer’s instructions (Hoefer) after gel electrophoresis. The PVDF
membrane was processed according to a standardized protocol for immune detection.
Rabbit polyclonal antibody anti-CTGF was used at 1:1000 dilution (ab5097; Abcam,
Cambridge, United Kingdom). Rabbit monoclonal antibody against beta-actin was
employed at 1:1000 dilution (Cell Signaling Technology; Danvers, MA, United States).
The HRP-tagged secondary antibody (#70749; Cell Signaling Technology) was used for
the detection of protein bands. Beta-actin served as a loading control. The blot was
detected by chemiluminescence with Super Signal West Femto Maximum Sensitivity
Substrate. (Cat No. 34095). Image ] software version 15.3a was used to assess the
densiometry of the blots to measure the quantity of proteins present.

Immunohistochemical analysis

For immunohistochemical analysis of CRC tissues, the formalin-fixed and paraffin
embedded representative blocks were used. A manual microtome (Leica Biosystems,
Mumbai, Maharashtra, India) was used to slice 5-pm thick tissue sections from
paraffin blocks and mount on charged poly-L-lysin coated glass slides (LOT #180310
Bio-Optica Milano S.p.a via San Faustino, 58 20134 Milan-Italy). The sections were
deparaffinized using xylene and ethanol, and then they were rehydrated in a graded
series of ethanol (100%, 95%, 90%, 80% and 70%), followed by microwave/ pressure
cooker antigen retrieval. Rehydration of sections was done using distilled water.
Hydrogen peroxide blocking solution (Biocare Medical, Condord, CA, United States)
was added after rehydration to cover the whole section which acts as an inhibitor of
endogenous peroxidase activity. After that was done the slides were incubated for 15
min while keeping the slides hydrated and letting them dry. Slides were washed two
to three times with a phosphate buffer saline (PBS) (pH = 7.4). Tumor sections were
then treated with 10 mmol/L citrate buffer (pH 6.0) at 95 °C to retrieve antigens. After
which the slides were washed three times with PBS. To block non-specific background
staining, the sections were covered with protein blocking solution (#BS966G Biocare
Medical) which was followed by a 15 minute incubation. Washings were done with
PBST (1 x PBS with Tween-20). Slide edges were dried and sections were outlined with
boundary by PAP pen (Abcam). Primary antibody anti-CTGF (1:200; Abcam) was put
on the whole sections and kept in overnight incubation. Next day the slides were
washed thrice using PBS. Secondary antibody coated to goat anti-rabbit HRP-
conjugated secondary antibody (#M2U522G; MACH 2 Universal HRP-Polymer
Detection Kit) was put on the sections which were then kept in incubation for 15 min.
PBST washings were done four times and later stained with HRP/DAB detection IHC
kit (#BDB2004H; Biocare Medical). To prepare DAB solution, 30 pL of DAB
chromogen (#BDB900C; Biocare Medical) was mixed with 1.5 mL of DAB substrate
(#DS900H; Biocare Medical), which was then applied to the sections. The slides were
again washed four times with PBST. The slides were immersed in distilled water,
counterstained with hematoxylin and thereafter, dehydrated in xylene, mounted with
DPX and covered by cover slips. Visualization was done by a light microscope (1 x 81;
Olympus, 1 x 81; Tokyo, Japan). Sections from liver carcinoma were used as positive
controls. For negative controls, PBS was used instead of primary antibody to tissue
sections.

Statistical analysis
For statistical analysis, independent t test and logistic regression was used to calculate
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the odds ratio (OR) and 95% confidence interval (95%CI). P value < 0.05 was
considered as statistically significant. Analysis of the survival data was done by the
Kaplan-Meier method. Kaplan-Meier curves were compared by a log-rank test.
Regression analysis was utilized using an extended Cox regression model. All the
statistical analysis was done using STATA software, version 16 (STATA 16 Corp.,
College Station, TX, United States).

Ethical clearance
A written consent was taken from all the patients prior to surgery and they were also

apprised about the ongoing study which was approved by Ethical Clearance
Committee of SKIMS (SIMS 1131/IEC-SKIMS/2018-330).

Follow-up

Patients were contacted by phone for follow-up. The deadline for contacting the
patients was May 2021. The survival intervals were calculated from both the date of
diagnosis as well as from the date of surgery to the last follow-up.

RESULTS

Patient characteristics

Seventy-one human histopathological confirmed CRC tissues and paired normal
adjacent tissue specimens from patients who went through primary surgical resection
for CRC with no chemo/radiotherapy received were used to assess the CTGF
expression. Demographic and clinicopathological variables for this study are outlined
in Table 1. The cases included 38 (53.52%) males and 33(46.47 %) females. In all, 50 of
71 (70.42%) subjects were greater or equal to 50 years and 21 of 71 (29.71%) were less
than 50 years having a mean age of 56.04 + 13.48.

CTGF mRNA expression in CRC

We used qRT-PCR to analyze the expression of CTGF at mRNA level in CRC tissues
and the adjacent normal tissues (n = 71). Overexpression of CTGF was detected in
80.28% (57/71) tumor tissues as compared to adjacent normal tissues. The average fold
change of CTGF expression in CRC tissues in comparison to normal adjacent tissues
was 2.49 + 1.59. Figure 1 depicts the dot blots of CTGF mRNA indicating ACt values.
To ensure accuracy, melt curve analysis was performed on every experiment that
yielded zero nonspecific results.

CTGF protein expression and localization in CRC

CTGF protein localization and expression pattern was analyzed by IHC in 71
histopathological confirmed CRC specimens and their adjacent normal tissues. In CRC
tissues, CTGF immunoreactivity showed a varying intensity of staining with most
remarkable staining in cytoplasm of the tumor cells (Figure 2). A scoring system was
set for evaluation of CTGF immunoreactivity as 0 (negative staining); +1(less than 5%
of the tumor cells stained/Weak staining); +2 (less than 50% tumor cells stained/
Moderate staining); and +3 (more than 50% tumor cells stained/Strong staining).
Overexpression was said to be intense when cytoplasm stained more than three times
in tumor compared to normal adjacent tissues. IHC Profiler plugin Image] software
(Image] version 15.3a) was used for quantification of staining intensity. Out of 71 CRC
cases, a total of 44/71 (61.97%) cases showed high expression compared to their
normal adjacent tissues. Among all, 26 of 71 (36.61%) displayed a strong (+3)
cytoplasmic staining intensity, 18 of 71 (25.35%) showed moderate (+2), 25 of 71
(35.21%) showed weak (+1) intensity and 2 of 71 (2.82%) CRC cases showed negative
scoring intensity. The prevalence of high CTGF expression among the 4 TNM stages
was 28%, 72%, 88.89% and 100% for Stage I, II, III, and IV respectively among all 71
CRC cases. Among the 44 cases which showed overexpression of CTGF, the stage wise
contribution was 15.91% (7/44) in stage I, 40.91% (18/44) in stage II, 36.36% (16) in
stage III and 6.82% (3/44) in stage IV disease (P < 0.001; Chi* = 20.7).

In order to confirm the results of immunohistochemical staining, western blot
analysis was performed to evaluate the CTGF protein levels in the same patient
specimens and their adjacent normal tissues. Densitometric image analysis was done
by Image] version 1.53a software to assess the amount of protein present in the
sample. CTGF protein expression was considered high in CRC tumor samples when
the level was more than one-fold than that in adjacent normal tissues. Among the 71
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Table 1 Clinicoepidemological and clinicopathological parameters of study population (n = 71)

Characteristics n (%)

Age in years

<50 21 (29.58)
=50 50 (70.42)
Gender

Male 38 (53.52)
Female 33 (46.48)
Dwelling

Rural 47 (66.20)
Urban 24 (33.80)
Social class 22 (30.99)
Low

Middle and high 49 (69.01)
Family history

Yes 20 (28.17)
No 51 (71.83)
Smoking status

Yes 40 (56.34)
No 31(43.66)
Lifestyle

Active 31 (43.66)
Sedentary 40 (56.34)
Salt tea intake

Yes 65 (91.55)
No 06 (8.45)

Red meat consumption

Yes 59 (83.10)
No 12 (16.90)
Sundried vegetables

Yes 48 (67.61)
No 23 (32.39)

Source of drinking water

Tap water (R) 46 (64.79)
Tap water (L) 07 (9.86)
Others' 18 (25.35)
Pickles

Yes 41 (57.75)
No 30 (42.25)

Pesticide exposure
Yes 33 (46.48)
No 38 (53.52)

Junk food consumption
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Yes

No

Site of tumor
Colon
Rectum
Rectosigmoid
Tumor differentiation
Well
Moderate
Poor
Invasion depth
T1

T2

T3

T4

T1 + T2

T3 + T4
TNM staging
I

I

I

1\Y%

I+1I

I + IV
Tumor grade
1

2

3

DUKE stage
A

B

C

Node status
0

land2

LVI

Present
Absent

PNI

Present
Absent
TALNR

Present
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05 (7.04)

66 (92.96)

36 (50.70)
20 (28.17)

15 (21.13)

18 (25.35)
46 (64.79)

07 (9.86)

08 (11.27)
22 (30.99)
31 (43.66)
10 (14.08)
30 (42.25)

41 (57.75)

25 (35.21)
25 (35.21)
18 (25.35)
03 (4.22)

50 (70.42)

21 (29.58)

18 (25.35)
46 (64.79)

07 (9.86)

05 (7.04)

44 (61.97)

22 (30.99)

51 (71.83)

20 (28.17)

54 (76.06)

17 (23.94)

15 (21.12)

56 (78.87)

62 (87.32)
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Absent

Necrosis seen

Yes

No

Recurrence

Yes

No

Vital status

Alive

Dead

09 (12.68)

18 (25.35)

53 (74.65)

12 (16.90)

59 (83.10)

66 (92.96)

05 (7.04)

Others: Spring, Well, Pond.
N: Total Number of samples; R: River water through Tap; L: Lake water through Tap; TNM: Tumor-node-metastasis; TALNR: Tumor associated lymph-

node response; LVI: Lymphovascular invasion; PNI: Perineural invasion.
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Figure 1 Quantitative real-time polymerase chain reaction analysis of connective tissue growth factor mRNA across the colorectal cancer
tissues and their adjacent normals (n = 71). mRNA: Messenger RNA; CTGF: Connective tissue growth factor.
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CRC cases, 60.56% (43/71) exhibited increased CTGF protein expression in tumor
tissues as compared to adjacent normals. Figure 3A shows the representative blot of
CTGF protein expression upregulated in CRC tumor tissues and Figure 3B depicts the
corresponding bar chart of densiometric values of CTGF protein expression. The CRC
samples which showed protein overexpression had also increased mRNA expression.
Figure 4 depicts the average fold change in CTGF overexpression in all 71 CRC tumors
relative to adjacent normal.

The correlation between real time PCR, western blotting and immunohistochemical
analysis was high and significant (P = 0.0001).

Correlation of CTGF with various clinicopathological factors

To better understand the clinical significance of CTGF expression in CRC, expression
of CTGF was correlated with a series of clinicopathological parameters. The overex-
pression of CTGF was associated with smoking, tumor differentiation, invasion depth,
TNM stage, tumor grade, Duke staging both at mRNA level as well as at protein level.
Node status, lymphovascular, PNI and necrosis of tumor tissues was also significantly
associated with the overexpression of CTGF (P < 0.001). Gender was associated with
mRNA expression of CTGF (P = 0.037), but not with its protein expression. No
significant association with other parameters such as age, sex, dwelling, social class,
family history, lifestyle, salt tea intake, sundried vegetables, junk food consumption,
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Normal Tumor

Figure 2 Representative images of immunohistochemical expression of the connective tissue growth factor protein in colorectal cancer
and adjacent normal (H & E and DAB Chromogen x 100 insect x 400). A: Negative control; B: Tumor negative staining; C: Tumor + 1, weak staining; D:
Tumor + 2, moderate staining; E: Tumor + 3, strong staining. Scale bars: 100 M.
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Figure 3 Connective tissue growth factor. A: The connective tissue growth factor (CTGF) is upregulated in human colorectal cancer (CRC) samples.
Representative Immunoblot showing expression of tumors and their adjacent normals in CRC. Lane N: Normal; Lane T: Tumor. B-actin is used as a loading control.
About 40 ug protein loaded on 12% sodium dodecyl sulphate-Gel transferred to polyvinylidene difluoride membrane, anti-B actin primary Ab (1:1000), anti-CTGF
primary Ab (1:500); B: Normalized densitometric values. The experiments were performed in triplicates; mean and standard error was calculated. CTGF: Connective
tissue growth factor.

pesticide exposure, use of pickles, source of drinking water and site of tumor was
observed at mRNA or protein level. CTGF high expression was also significantly
correlated with recurrence of the patients after surgery, but no association was seen
with vital status of the CRC patients (Tables 2-4).
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Table 2 Clinicopathological relevance of connective tissue growth factor mRNA expression in colorectal cancer patients as determined

by quantitative real-time polymerase chain reaction

Characteristics Normal expression (n = 14) Overexpression (n = 57) Odds ratio (95%CI) P value Chi?
Age

<50 2(9.52) 19 (90.48) Referent

250 12 (24.00) 38 (76.00) 3.0 (0.6-29.9) 0.16 1.95
Gender

Male 4 (10.53) 34 (89.47) Referent

Female 10 (30.30) 23 (69.70) 3.6 (0.9-17.8) 0.037° 436
Dwelling

Rural 11 (23.40) 36 (76.60) Referent

Urban 3 (12.50) 21 (87.50) 0.5 (0.1-2.1) 0.27 119

Social class

Low 7 (31.82) 15 (68.18) Referent

Middle and high 7 (14.29) 42 (85.71) 0.4 (0.09-1.4) 0.08 2.94
Family history

Yes 3 (15.00) 17 (85.00) Referent

No 11 (21.57) 40 (78.43) 1.5 (0.3-9.7) 0.53 0.39
Smoking status

Yes 4 (10.00) 36 (90.00) Referent

No 10 (32.26) 21 (67.74) 4.3 (1.04-20.68) 0.019" 5.46
Lifestyle

Active 8 (25.81) 23 (74.19) Referent

Sedentary 6 (15.00) 34 (85.00) 0.5 (0.1-1.1) 0.25 1.28

Salt tea intake

Yes 13 (20.00) 52 (80.00) Referent

No 1 (16.67) 5(83.33) 0.8 (0.02-8.1) 0.844 0.03
Red meat consumption

Yes 13 (22.03) 46 (77.97) Referent

No 1(8.33) 11 (91.67) 0.3 (0.01-2.6) 0.37 1.22
Sundried vegetables

Yes 9 (18.75) 39 (81.25) Referent

No 5(21.74) 18 (78.26) 1.2(0.2-4.7) 0.767 0.08

Source of drinking water

Tap water (R) 12 (26.09) 34 (73.91) Referent

Tap water (L) 1 (14.29) 6 (85.71) 0.5 (0.01-5.3)

Others' 1 (5.56) 17 (94.44) 0.4 (0.04-2.4) 0.54 1.21
Pickles

Yes 8 (19.51) 33 (80.49) Referent

No 6 (20.00) 24 (80.00) 1.03 (0.3-3.9) 1.000 0.002

Pesticide exposure

Yes 7 (21.21) 26 (78.79) Referent
No 7 (1842) 31 (81.58) 0.84 (0.219-3.21) 038 0.07
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Junk food consumption

Yes

No

Site of tumor
Colon
Rectum

Rectosigmoid

Tumor differentiation

Well
Moderate
Poor
Invasion depth
T1

T2

T3

T4

T1+ T2

T3 + T4
TNM staging
I

I

11

v

I+1I

I + IV
Tumor grade
1

2

3

DUKE stage
A

B

C

Node status
0

1and 2

LVI

Present
Absent

PNI

Present
Absent

TALNR

Jaishideng®

000

14 (21.21)

7 (19.44)
6 (30.00)

1 (6.67)

8 (44.44)
5 (10.87)

1 (14.29)

5 (62.50)
7 (31.82)
2 (6.45)
0(0)

12 (40.00)

2 (4.88)

11 (44.00)
2 (8.00)

1 (5.56)
0(0)

13 (26.00)

1 (4.76)

8 (44.44)
5 (10.87)

1 (14.29)

2(2.82)
11 (15.49)

1 (1.41)

13 (25.49)

1 (5.00)

8 (14.81)

6 (35.29)

0 (0.00)

14 (25.00)
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5 (100)

52 (91.23)

29 (80.56)
14 (70.00)

14 (93.33)

10 (55.56)
41 (89.13)

6 (85.71)

3 (37.50)
15 (68.18)
29 (93.55)
10 (100)
18 (60.00)

39 (95.12)

14 (56.00)
23 (92.00)
17 (94.44)
3 (100.00)
37 (74.00)

20 (95.24)

10 (55.56)
41 (89.13)

6 (85.71)

3 (4.23)
33 (46.48)

21 (29.58)

38 (74.51)

19 (95.00)

46 (85.19)

11 (64.71)

15 (100)

42 (75.00)
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Referent

0 (0-3.08)

Referent

1.8 (0.4-7.45)

0.3 (0.01-2.7)

Referent

0.15 (0.03-0.7)

Referent

0.3 (0.03-2.0)

0.08 (0.008-0.4)

Referent

0.1 (0.01-0.6)

0.07 (0.01-0.7)

0.1 (0.01-1.1)

Referent

0.1 (0.03-0.7)

Referent

0.5 (0.05-6.8)

Referent

0.1 (0.003-1.2)

Referent

3.1 (0.7-12.7)

Referent

0 (0-1.08)

0.25

0.23

0.009"

0.001°

0.000°

0.002°

0.040°

0.009°

0.042°

0.041°

0.064

0.031°
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Present 11 (17.74)
Absent 3(33.33)

Necrosis seen

Yes 17 (94.44)
No 40 (75.47)
Recurrence

Yes 0(0)

No 14 (23.73)
Vital status

Alive 13 (19.70)
Death 1 (20.00)

51 (82.26) Referent
6 (66.67) 2.3 (0.32-12.8) 0.272 1.20
1 (5.56) Referent
13 (24.53) 2.7 (0.5-27.7) 0.080 3.10
12 (100) Referent
45 (76.27) 0 (0-1.08) 0.060 Bib5)
53 (80.30) Referent
4 (80.00) 1.4 (0.02-1.9) 0.85 0.07

10thers: Spring, Well, Pond.
P < 0.05: Statistical significance.

R: River water through tap; L: Lake water through tap; TALNR: Tumor associated lymph-node response; LVI: Lymphovascular invasion; PNI: Perineural

invasion; CI: Confidence interval.

Jaishideng®

CTGF and CRC prognosis

Kaplan-Meier survival curves from date of diagnosis of the disease and from date of
surgery as shown in Figures 5 and 6 revealed that CRC patients with low CTGF
protein expression had good overall survival (OS) and disease-free survival (DFS) than
those with higher levels of CTGF. The patients had a median survival time of 37 mo
from the time that CRC was diagnosed and 28 mo from when the surgery was done
and the higher CTGF protein levels were significantly associated with the recurrence
of disease (P=0.020). To determine the independent predictive value of CTGF
expression, the influence of each clinicopathological parameter and the expression
pattern of CTGF on patient OS and DFS was determined using extended Cox-
regression model listed in Table 5. Although TNM stage, Duke Stage, Node status,
Necrosis and CTGF Expression showed an accord with the DFS, but only TNM stage
and PNI were significant independent predictors of OS in the multivariate analysis (P
< 0.05). A classification tree analysis was also done to explore the relationship of CTGF
overexpression with different variables of colorectal tumors (Figure 7). TNM Stage,
Duke Stage, Node status and necrosis were important factors for recurrence of the
disease and TNM stage with PNI positive tumors were important predictors for CTGF
expression in CRC.

DISCUSSION

In the present study, the CTGF mRNA and protein expression in CRC tissues was
evaluated and their histopathological confirmed adjacent normals using qRT-PCR,
western blotting, and IHC. The results show that 80.28% of CRC tissues at mRNA level
and 60.56% of CRC tissues at protein level had overexpression compared to their
adjacent normals. CTGF was overexpressed at both the protein and mRNA levels in
the majority of samples, showing that CTGF is upregulated at both the transcriptional
and translational levels, although some samples showed overexpression at the mRNA
level only. CTGF overexpression in CRC has previously been reported in some studies
but they did not contain much clinicopathological data of patients. Higher expression
levels of CTGF in CRC tissues compared to adjacent normal specimens have been
found in cancers of the esophagus, pancreas and gliomas[11,22,23]. In this study, it
was observed that CTGF expression was high in 61.97% of tumor sections as compared
to their adjacent normals and was predominantly present in cytoplasm of CRC tumor
cells. This is analogous to a variety of other tumor forms, such as esophageal and
pancreatic cancers[11,22]. Previous CTGF immunohistochemical studies also revealed
cytoplasmic or membranous staining[17,18]. Higher levels of CTGF are linked to more
advanced disease in esophageal adenocarcinoma and breast cancer[11,24]. CTGF, a
well-known transcriptional target of transforming growth factor-beta (TGF-f), was
found to have higher mRNA and protein levels in more advanced Duke and TNM
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Table 3 Clinicopathological relevance of connective tissue growth factor protein expression in colorectal cancer patients as

determined by Western blot analysis

Characteristics Normal expression (n=28) Overexpression (n = 43) Odds ratio (95%CI) P value Chi?
Age

<50 6 (28.57) 15 (71.43) Referent

250 22 (44.00) 28 (56.00) 1.9 (0.6-7.1) 0.22 147
Gender

Male 12 (31.58) 26 (68.42) Referent

Female 16 (48.48) 17 (51.52) 2,03 (0.7-6.0) 0.15 211
Dwelling

Rural 20 (42.55) 27 (57.45) Referent

Urban 8 (33.33) 16 (66.67) 0.7 (0.21-2.1) 045 057

Social class

Low 10 (45.45) 12 (54.55) Referent

Middle and high 18 (36.73) 31 (63.27) 1.4 (0.5-4.5) 0.57 0.48
Family history

Yes 7 (35.00) 13 (65.00) Referent

No 21 (41.18) 30 (58.82) 0.7 (0.2-2.5) 0.63 0.23
Smoking status

Yes 11 (27.50) 29 (72.50) Referent

No 17 (54.84) 14 (45.16) 3.2 (1.1-9.7) 0.019" 5.46
Lifestyle

Active 12 (38.71) 19 (61.29) Referent

Sedentary 16 (40.00) 24 (60.00) 1.05 (0.4-0.1) 091 0.01

Salt tea intake

Yes 25 (38.46) 40 (61.54) Referent

No 3 (50) 3 (50) 1.6 (0.2-12.8) 0.58 0.30
Red meat consumption

Yes 24 (40.68) 35 (59.32) Referent

No 4 (33.33) 8 (66.67) 0.7 (0.1-3.1) 0.63 0.22
Sundried vegetables

Yes 19 (39.58) 29 (60.42) Referent

No 9 (39.13) 14 (60.87) 1.0 (0.3-3.0) 0.97 0.01

Source of drinking water

Tap water (R) 20 (43.48) 26 (56.52) Referent

Tap water (L) 1 (14.29) 6 (85.71) 0.21 (0.01-2.3)

Others' 7 (38.89) 11 (61.11) 1.3 (0.3-4.6) 0.34 221
Pickles

Yes 16 (39.02) 25 (60.98) Referent

No 12 (40) 18 (60) 1.04 (0.3-3.03) 0.93 0.01

Pesticide exposure

Yes 15 (45.45) 18 (54.55) Referent
No 13 (34.21) 25 (65.79) 0.624 (0.2-1.8) 0.33 0.93
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Junk food consumption
Yes

No

Site of tumor
Colon
Rectum
Rectosigmoid
Tumor differentiation
Well
Moderate
Poor
Invasion depth
T1

T2

T3

T4

T1+ T2

T3 + T4
TNM staging
I

II

III

v

I+1I

I + IV
Tumor grade
1

2

B

DUKE stage
A

B

C

Node status
0

1and 2

LVI

Present
Absent

PNI

Present
Absent

TALNR
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0(0)

28 (42.42)

12 (33.33)
12 (60)

4(26.67)

14 (77.78)
13 (28.26)

1 (14.29)

7 (87.50)
13 (59.09)
7 (22.58)
1(10)

20 (66.67)

8 (19.51)

19 (76.00)
7 (28.00)
2 (11.11)
0 (0.00)
26 (52.00)

2 (9.52)

14 (77.78)
13 (28.26)

1 (14.29)

4 (80.00)
22 (50.00)

2 (9.09)

26 (50.98)

2(7.14)

17 (31.48)

11 (64.71)

1 (6.67)
27 (48.21)
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5 (100)

38 (57.58)

24 (66.67)
8 (40)

11 (73.33)

4(22.22)
33 (71.74)

6 (85.71)

1 (12.50)
9 (40.91)
24 (77.42)
9(90)

10 (33.33)

33 (80.49)

6 (24.00)
18 (72.00)
16 (88.89)
3 (100)
24 (48.00)

19 (90.48)

4(22.22)
33 (71.74)

6 (85.71)

1 (20.00)

22 (50.00)

20 (90.91)

25 (49.02)

18 (41.86)

37 (68.52)

6 (35.29)

14 (93.33)

29 (51.79)

560

Referent

0(0-1.1) 0.06

Referent

3 (0.84-10.89)

0.7 (0.13-3.1) 0.077
Referent

0.1 (0.02-0.5)

0.04 (0.01-0.64) 0.000"
Referent 0.000"

0.04 (0.01-0.44)

0.12 (0.03-0.4) 0.000"
Referent
0.12 (0.02-0.5) 0.000"

0.04 (0.003-0.3)

0 (0-0.5)

0.1 (0.01-0.5) 0.001°
Referent

0.1 (0.02-0.5)

0.05 (0.01-0.6) 0.000"
Referent

4 (0.3-205)

0.02 (0.01-0.5) 0.001°

Referent

0.10 (0.01-0.53) 0.001°

Referent

0.2 (0.06-0.90) 0.015°

Referent

0.1 (0.01-0.58) 0.003"
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Present

Absent

Necrosis seen

Yes

No

Recurrence

Yes

No

Vital status

Alive

Death

25 (40.32)

3(33.33)

2 (11.11)

26 (49.06)

1(8.33)

27 (45.76)

27 (40.91)

1 (20.00)
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37 (59.68) Referent
6 (66.67) 0.7 (0.11-3.9) 0.688 0.16
16 (88.89) Referent
27 (50.94) 0.2 (0.03-0.76) 0.004" 8.10
11 (91.67) Referent
32 (54.24) 0.3 (0.05-1.34) 0.016" 5.85
39 (59.09) Referent
4 (80.00) 0.4 (0.007-3.9) 0.36 0.85

10thers: Spring, Well, Pond.
P < 0.05: Statistical significance.

R: River water through tap, L: Lake water through tap; TALNR: Tumor associated lymph-node response; LVI: Lymphovascular invasion; PNI: Perineural

invasion; CI: Confidence interval.
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stages of CRC[18,25].

In our study, we correlated the CTGF expression with a number of clinicopatho-
logical parameters of patients and we found that CTGF protein overexpression was
significantly associated with smoking, tumor differentiation, invasion depth, TNM
staging, Duke Staging, Tumor grade and lymph node metastasis (P < 0.001). This was
also the first study which revealed that the presence of LVI (P = 0.015), PNI (P = 0.016)
and necrosis (P = 0.008) in the tumor was significantly associated with the overex-
pression of CTGF. In consideration with a previous study, smoking is an important
factor which might oxidatively activate the latent TGF-B members like CTGF[26]. In
another study, rat models were exposed to cigarette smoke, and it was found that
CTGF shRNA effectively suppressed the upregulation of CTGF and cyclin D1
expression in narrow, intrapulmonary arteries which indicated that CTGF plays a
crucial role in smoke-induced pulmonary vascular remodeling while regulating cyclin
D1 expression[27]. In a study, it was found that CTGF mRNA overexpression was
significantly associated with Duke Stage which was particularly noticeable in Duke’s
A and B stage tumors, while as they found noticeable proportions of CTGF protein
overexpression in Duke’s stage C[18]. In addition to this, CTGF protein expression was
higher in more advanced T-stage and lymph node positive CRC samples as per the
previous studies[25]. The recurrent cases of colon cancer have been recorded in cases
where the lesion was initially diagnosed as LVI negative but later revealed to be
positive after re-evaluation with additional more deeply cut specimens when the
recurrence was discovered. In the current study, LVI was observed in 54/71 (76.00%)
CRCs, in which 86.09% had high expression of CTGF and was significantly associated
with CTGF overexpression (P = 0.043), and the presence increased with tumor stage
from 56% in stage I, 80% in stage II, 94.44% in stage III and in all the three cases of
stage IV involved in this study. Since our study included only three cases of Stage IV
CRC tumors as the samples taken are mostly from the early-stage primary CRC
patients, so most of the samples were skipped due to exclusion criteria of chemo/radio
therapy which included mostly the late stage or recurrent patients. Most of the CRC
patients with stage I or II are treated with surgery, though some stage II patients can
be benefited by adjuvant therapy. The preferable method to treat stage III CRC
patients is surgery coupled with adjuvant chemotherapy[28,29]. Comparable to other
investigations, our findings indicated that LVI was associated with aggressive tumor
characteristics such as higher tumor grade and advanced tumor stage (P = 0.05).
Presence of LVI was a significant prognostic indicator in patients with stage III CRC
[30]. PNI was present in 15/71 (21.12%) and the presence increased with the tumor
stage from 4% in Stage I, 20% in stage II and 33.33% in Stage III CRC patients and in all
14/15 (93.33%) PNI positive cases showed significant association with CTGF overex-
pression (P = 0.020). The connection of PNI with histological markers associated with
tumor growth (lymphatic invasion and venous invasion) suggests that these
components may all be involved in the metastatic processes that include vascular
emboli, lymphatic invasion, and PNI. It has been shown that PNI status can be used to
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Table 4 Clinicopathological relevance of connective tissue growth factor high and low expression status determined by

immunohistochemistry in colorectal cancer patients

Characteristics Low expression (n=27)  High expression (n=44)  Odds ratio (95%Cl) P value Chi?
Age

<50 6 (28.57) 15 (71.43) Referent

>50 21 (42.00) 29 (58.00) 1.8 (0.5-6.6) 0.28 1.13
Gender

Male 11 (28.95) 27 (71.05) Referent

Female 16 (48.48) 17 (51.52) 2.3 (0.8-6.9) 0.09 2.86
Dwelling

Rural 19 (40.43) 28 (59.57) Referent

Urban 8 (33.33) 16 (66.67) 0.7 (0.2-2.2) 0.56 033

Social class

Low 10 (45.45) 12 (54.55) Referent

Middle and high 17 (34.69) 32 (65.31) 1.5 (0.5-5.0) 0.38 0.74
Family history

Yes 7 (35.00) 13 (65.00) Referent

No 20 (39.22) 31 (60.78) 0.8 (0.2-2.7) 0.74 0.10

Smoking status

Yes 10 (25.00) 30 (75.00) Referent

No 17 (54.84) 14 (45.16) 3.6 (1.2-11.3) 0.010" 6.61
Lifestyle

Active 12 (38.71) 19 (61.29) Referent

Sedentary 15 (37.50) 25 (62.50) 0.9 (0.3-2.8) 0.92 0.01

Salt tea intake

Yes 24 (36.92) 41 (63.08) Referent

No 3 (50.00) 3 (50.00) 1.7 (0.2-13.6) 0.53 0.41
Red meat consumption

Yes 23 (38.98) 36 (61.02) Referent

No 4 (33.33) 8 (66.67) 0.8 (0.15-3.3) 0.71 0.13
Sundried vegetables

Yes 19 (39.58) 29 (60.42) Referent

No 8 (34.78) 15 (65.22) 0.8 (0.2-2.5) 0.70 0.15

Source of drinking water

Tap water (R) 20 (43.48) 26 (56.52) Referent

Tap water (L) 1(14.29) 6 (85.71) 0.2 (0.004-2.06)

Others' 6 (33.33) 12 (66.67) 0.6 (0.2-2.3) 0.29 241
Pickles

Yes 16 (59.26) 25 (56.82) Referent

No 11 (40.74) 19 (43.18) 0.9 (0.3-2.6) 0.84 0.04

Pesticide exposure

Yes 15 (55.56) 18 (40.91) Referent
No 12 (44.44) 26 (59.09) 0.5 (0.2-1.6) 0.23 14
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Junk food consumption
Yes 0 (0)
No 27 (40.91)

Site of tumor

Colon 11 (30.56)
Rectum 12 (60.00)
Rectosigmoid 4 (26.67)

Tumor differentiation

Well 14 (77.78)
Moderate 12 (26.09)
Poor 1 (14.29)

Invasion depth

T1 7 (25.93)
T2 12 (44.44)
T3 7 (25.93)
T4 1(3.70)
T1 + T2 19 (70.37)
T3 + T4 8 (29.63)
TNM staging

I 18 (66.67)
I 7 (25.93)
I 2 (7.41)
v 0(0)
I[+1I 25 (92.59)
I + IV 2 (7.41)

Tumor grade

1 14 (77.78)
2 12 (26.09)
3 1(14.29)
DUKE stage

A 4 (80.00)
B 21 (47.73)
C 2 (9.09)
Node status

0 25 (49.02)
1and 2 2 (10.00)
LVI

Present 17 (31.48)
Absent 10 (58.82)
PNI

Present 1(6.67)
Absent 26 (46.43)
TALNR

Jaishideng®
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5 (100)

39 (59.09)

25 (69.44)
8 (40.00)

11 (73.33)

4(22.22)
34 (73.91)

6 (85.71)

1(2.27)

10 (22.73)
24 (54.550)
9 (20.45)
11 (25.00)

33 (75.00)

7 (15.91)
18 (40.91)
16 (36.36)
3 (6.820)

25 (56.82)

19 (43.18)

4(22.22)
34 (73.91)

6 (85.71)

1 (20.00)

23 (52.27)

20 (90.91)

26 (50.98)

18 (90.00)

37 (68.52)

7 (41.18)

14 (93.33)

30 (53.57)
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Referent

0(0-1.1)

Referent
3.4 (0.9-12.5)

0.8 (0.1-3.7)

Referent
0.1 (0.02-0.4)

0.05 (0.01-0.6)

Referent
0.2 (0.003-1.8)
0.04 (0.01-0.4)

0.01 (0.01-0.40)

0.14 (0.04-0.4)

Referent
0.1 (0.03-0.6)
0.05 (0.01-0.3)

0 (0-0.6)

0.12 (0.01-0.5)

Referent
0.1 (0.02-0.4)

0.05 (0.01-0.6)

Referent
0.2 (0.004-2.6)

0.02 (0.014-0.5)

Referent

0.1 (0.01-0.6)

Referent

03 (0.1-1.13)

Referent

0.1 (0.002-0.6)

0.07

0.06

0.000"

0.001°

0.000a

0.000°

0.001*

0.000"

0.001"

0.002°

0.043°

0.020"

February 7,2022 | Volume 28

16.52

17.30

14.11

10.31

16.52

Issue 5



Bhat IP et al. CTGF and colorectal cancer

Present

Absent

Necrosis seen

Yes

No

Recurrence

Yes

No

Vital status

Alive

Death

24 (38.71) 38 (61.29) Referent
3(33.33) 6 (66.67) 0.8 (0.1-4.1) 0.75 0.09
24 (47.06) 27 (52.94) Referent
3 (15.00) 17 (85.00) 0.2 (0.03-0.82) 0.012° 6.21
1(8.33) 11 (91.67) Referent
26 (44.07) 33 (55.93) 0.11 (0.012-0.9) 0.020° 5.40
26 (39.39) 40 (60.61) Referent
1 (20.00) 4 (80.00) 0.4 (0.07-4.2) 0.389 0.74

10thers: Spring, Well, Pond.
P < 0.05: Statistical significance.

R: River water through tap; L: Lake water through tap; TALNR: Tumor associated lymph-node response; LVI: Lymphovascular invasion; PNI: Perineural

invasion; CI: Confidence interval.

Table 5 Predictors for recurrence or mortality of colorectal cancer using extended cox-regression analysis model

Disease-free survival

Overall survival

Characteristics

HR 95%CI P value HR 95%Cl P value
Age 1.66 0.4-6.4 0.45 1.03 0.9-1.1 0.32
Tumor differentiation 1.13 0.5-2.7 0.79 3.1 0.7-14.4 0.15
Tumor grade 112 04-2.7 0.79 3.1 0.7-14.4 0.15
Depth invasion 1.6 0.8-3.2 0.18 1.91 0.6-5.7 0.30
TNM stage 2.8 1.38-5.97 0.005" 3.7 1.1-12.7 0.043"
Duke stage 9.6 2.3-40.5 0.002° 3.36 0.6-18.3 0.161
Node status 0.08 0.02-0.37 0.001° 0.25 0.04-1.5 0.139
Necrosis 0.26 0.1-0.82 0.022° 1.30 0.14-11.6 0.811
LVI 0.25 0.05-1.2 0.090 1.16 3.25e-17 0.08
PNI 047 0.14-1.6 0.230 0.16 0.02-0.98 0.041°
CTGF expression 013 0.01-1.06 0.013" 0.39 0.04-3.5 0.33

4P < 0.05: Statistical significance. HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis; LVI: Lymphovascular invasion; PNI: Perineural

invasion; CTGF: Connective tissue growth factor.
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aid in identifying the stage Il CRC patients for adjuvant treatment chemotherapy[31].
According to certain studies, PNI evaluation utilizing a grading system based on PNI
location inside the gut could improve the value of cancer staging[32].

Furthermore, it was observed that a high CTGF expression was associated with high
recurrence of the disease, but no significant association was seen with vital status of
the patients. The difference in this study may be due to limited sample size and a
shorter time period of 4-year survival analysis. Some other studies have looked into
the connection between CTGF expression and CRC prognosis, with mixed results.
Previously, studies were conducted to examine CTGF expression in primary CRC
using IHC and it was observed that elevated CTGF protein levels were linked to a
lower probability of peritoneal metastasis and a substantially increased OS and DFS
[17,18]. A previous study has shown that CRC patients with low expression levels of
CTGF were associated with shorter survival and shorter recurrence time and moreover
overexpression of CTGF in human CRC cells showed a decrease in the invasiveness of
tumor cells[17]. This seems to be at odds with our findings. The following could be a
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Figure 4 Bar graph showing the average fold change of connective tissue growth factor overexpression in colorectal cancer tumors and
their adjacent normal tissue with error bars.
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Figure 5 Kaplan-Meier survival analysis of 71 colorectal cancer patients from the time of diagnosis of the disease with connective tissue
growth factor protein expression. A: Overall survival (OS) with connective tissue growth factor (CTGF) High and low expression; B: Disease-free survival
(DFS) with CTGF High and Low expression; C and D: Depict OS and DFS of colorectal cancer patients respectively stratified as Stage | + Il and Il + IV.
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possible explanation for the aforesaid inconsistency: They compared the CTGF
expression with only stage II and III CRC disease, but we stratified the patients
broadly into two merged categories of Stage I/II and Stage III/IV. The search for a
more accurate mechanism is underway. Previous research has found that tumor stage
is the biggest indicator of poor prognosis in people with colon cancer[33]. The results
of the present study indicated that high expression levels of CTGF were associated
with the TNM Stage which is the most important prognostic factor in CRC. After
stratifying our population of 71 CRC patients as per TNM stage into I/II and III/IV
groups, we found a significant correlation of TNM stage with OS of the patient (P =
0.001; Chi* = 17.05) as well as with recurrence of the disease (P = 0.034, Chi*> = 8.64).
Among all, 41.67% of the recurrent cases had Stage I/II CRC disease in which 55.93%
had high expression of CTGF protein and about 58.33% recurrent cases had Stage
III/IV CRC disease, in which 91.67% of recurrent cases had a high expression of CTGF

February 7,2022 | Volume28 | Issue5 |



Bhat IP et al. CTGF and colorectal cancer

A R | | e
___________________ T
A moo oo oo o= -
= g fiey
g0 S 8w S
5 S 5 54 : =
0 n 1 I
=
3 g ]
L= & 1t
© o © S I
0 0| Q [
o oo !
= k] 1
= 1
S8 =y 1
£ N B N 4
Qo 5o
Q
e 95%CI 95%CI 3 95%CT 95%CI
(=5 — — — High expression High expressidn a — — — High expression High expressiol
o o
T T T T T T T T T T
0 10 20 30 40 0 10 20 30 40
Time (mo) Time (mo)
i = @
@ e frintrrl Sty
& 5
D n wn
oK | g ~N
2° =)
= =
Q [53
& £
o
w0 | il 8,
E o oo
o G
O n S
2 2 &
g go
g [ Stagel+ll/CTGF High @ ====== Stagelll+IV/CTGF High 9 ) Stagel+Il/CTGF High @) ====== Stagelll+IV/CTGF High
@) = =+ Stagel+IICTGF Low () — — Stagelll+IVICTGF Low o (9) — - - Stagel+IICTGF Low (9 —— —— Stagelll+IV/CTGF Low :
o =~ @
T T T T T T T T T T
0 10 20 30 40 0 10 20 30 40
Time (mo) Time (mo)

Figure 6 Kaplan-Meier survival analysis of 71 colorectal cancer patients after surgery with connective tissue growth factor protein
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survival; DFS: Disease-free survival.
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TNM Stage and perineural invasion status were independent predictors for overall survival of colorectal cancer patients. 2P < 0.05. CRC: Colorectal cancer; CTGF:
Connective tissue growth factor; PNI: Perineural invasion.
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(P =0.017). In this study, we found that TNM stage was a significant prognostic factor
for both OS and DFS of CRC patients, as the stage progresses and CTGF expression
increases, the chances of survival decrease in both pre- and postoperative conditions.
Hence, proper staging considering LVI and PNI also is conducive to optimal care and
has much to do with prognosis of CRC.

CONCLUSION

In conclusion, our results reported strong cytoplasmic localization and overexpression
of CTGF in colorectal tumors compared to their adjacent normals. Moreover, the
results of this study indicate that the overexpression of CTGF is associated with more
intrusive clinicopathological parameters of CRC, suggesting that the expression of
CTGF may be important in CRC progression. CTGF expression status could be an
independent prognostic factor for CRC patients. LVI and PNI status could be used as
complementary factors for TNM staging of CRC. However, because the current study
included a limited sample size, more studies with a large number of samples is needed
to fully comprehend the mechanism of CTGF induced CRC progression.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is one of the deadliest cancers, having a high death rate.
Despite considerable advances in diagnostics and treatments, early detection remains
difficult, resulting in a poor prognosis, which is exacerbated by deregulation of critical
genes that contribute to disease development.

Research motivation
To investigate the role of connective tissue growth factor (CTGF) in CRC in order to
improve the disease diagnosis and prognosis.

Research objectives

To evaluate the expression pattern and localization of CTGF in CRC and correlate it
with various clinicopathological variables which might serve as effective preliminary
predictive and therapeutic biomarker and aid in future CRC therapies in the Kashmir
valley.

Research methods

A total of 71 histopathological confirmed CRC tissues and their adjacent normal
specimens were included in this investigation. Real time polymerase chain reaction
and western blot were employed to assess CTGF mRNA and protein levels,
respectively. Immunohistochemistry was used for confirmation of the CTGF
localization. CTGF expression was correlated with various clinicopathological charac-
teristics, and survival analysis was performed on CRC patients to determine whether
CTGF plays a predictive role in CRC.

Research results

CTGF expression in tumor samples were significantly higher than in adjacent normal
samples. Higher levels of CTGF expression were associated with smoking, staging,
tumor grade, invasion depth, necrosis of tumor tissue, lymphovascular and perineural
invasion. Tumor-node-metastasis stage and PNI were major predictors of CTGF
expression and prognosis in CRC patients, according to the cox regression model and
classification tree analysis. CTGF overexpression was linked to poor overall and
disease-free survival (DFS), according to a survival analysis.

Research conclusions

CTGF was shown to be overexpressed and cytoplasmic in CRC tumor tissues,
according to the findings. Overexpression was related to an aggressive phenotype in
CRC patients, as well as poor overall and disease-free survival.

Research perspectives
The study strongly indicates that higher CTGF levels in CRC patients can be employed
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as predictive biomarker. Furthermore, CTGF overexpression may serve as a predictive
biomarker for patients undergoing a distinct regimen of chemotherapeutic
interventions. In order to validate these findings, future investigations with high
sample size are needed to completely understand the mechanism of CTGF-induced
CRC advancement.
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