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Colorectal Cancer (CRC)is one of the most common cancers worldwide and causes significant
morbidity and mortality. Biomarkers that predict tumor behavior and prognosis were essential.
Stanniocalcin-2 (STC2) was a glycoprotein hormone involved in tumor progression but its
association with clinicopathological parameters in colorectal cancer needs to be studied.
Objective: To evaluate the correlation of Stanniocalcin-2 expression with clinicopathological
features of colorectal cancer including tumor grade, invasion, lymph node metastasis,
perineural invasion, and disease prognosis. Methods: This retrospective observational study
was conducted at Life Care Molecular and Polymerase Chain Reaction Lab Services, Karachiin
collaboration with Fazaia Ruth Pfau Medical College. 60 paraffin-embedded blocks from
colorectal cancer patients diagnosed between January 2020 and December 2022 were
included. 10 colonic biopsies negative for malignancy were taken as controls.
Immunohistochemically analysis of Stanniocalcin-2 was compared with clinicopathological
parameters including tumor grade, invasion, lymph node status, and perineural invasion.
Statistical significance was calculated at a 95% confidence level and 5% margin of error.
Results: Stanniocalcin-2 was significantly associated with higher tumor grade, invasion, lymph
node metastasis, and perineural invasion (p<0.05). Strong stanniocalcin-2 expression was
associated with poor disease prognosis and aggressive tumor behavior. Conclusions:
Stanniocalcin-2 was a poor prognostic marker in colorectal carcinoma and was linked to
aggressive tumor features. Stanniocalcin-2 can be a useful biomarker to predict disease
progressionand treatment strategy.

INTRODUCTION

According to global statistics, Colorectal Carcinoma(CRC)
has been listed as the fourth most prevailing cancer and
third of all cancers in mortality[1]. Colorectal Cancer(CRC)
poses a hazard to health and creates considerable societal
consequences, accounting for approximately 10% of all
new cancer cases[2]. However, recent research has shown
that the incidence and mortality rates of CRC have reduced
in some places while increasing in China [3]. In Pakistan,
colorectal carcinomais the fourth most common cancerin
both sexes and all age groups with an incidence rate of
4.8%. The number of new casesin males withallage groups
is 5.8%. The percentage of colorectal cancer before the
age of 75 years is 11.5% for males and 12.3% for females.
Likewise, 8.3% of males and 8.2 females have the risk of

dying from this cancer before the age of 75 years (WHO
Globocon 2020). Adopting Western dietary and lifestyle
patterns, as well as the resulting changes in the gut
microbiota, may contribute to the rising incidence of
colorectal cancer [4]. It has been found that the five-year
survival rate for localized CRC and CRC with distant
metastasis is 90% and 14-70 % respectively. Presently,
various prognostic factors like depth of tumor invasion,
lymph node involvement, tumor grade, and lymphatic and
venous infiltration as well as screening programs are in use
for better clinical outcomes and improved survival rates.
The main challenges faced by clinicians are local
recurrence, distant metastasis, and aggressiveness of
CRC which increases the rate of mortality. To minimize this
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high mortality rate of CRC, there is a dire need to design
new techniques that should have the ability to predict
tumor aggressiveness and metastasis and will improve the
clinical outcome and management of CRC patients [5, 6].
Improving early detection and treatment, as well as
minimizing the disease burden of CRC, is a major public
health issue. The gut microbiota is critical to the
development and progression of CRCs[7]. STC2 belongs to
the glycoprotein hormone family, whichis highly conserved
and secreted. The term "Stanniocalcin" (STC) comes from
the corpuscles of Stannius, the endocrine glands situated
ventrally on the surface of the fish kidney [8, 9]. Human
chromosome number 5(5q35.2) expresses Stanniocalcin 2
(STC2) gene and in turn, this gene encodes a highly
conserved glycoprotein named Stanniocalcin 2. This
protein has some autocrine and paracrine capabilities and
it is normally expressed in various tissues like the breast,
pancreas, kidney spleen, lungs, intestines, and brain. This
protein has many physiological functions like cellular
calcium/phosphate homeostasis. STC2 upregulates
Cyclin-dependent kinase 2 and 4 (CDK2 and CDK4) and
enhances angiogenesis to protect cells against oxidative
stress or glucose deprivation. Furthermore, it down-
reqgulates cell cycle inhibitors p16 and p21 and activates
pAKT and pERK1/2 signaling pathways resulting in
increased cell viability and survival during cell exposure to
unfavorable environments [9]. Stanniocalcin 2 (STC2) was
discoveredinmice and humans by searchingforsequences
identical to Stanniocalcin [10]. Over-expression and
upregulation of STC 2 are found in various tumors of the
head and neck, GIT, lung, liver, kidney, brain, and breast.
Increased expression of STC2 is well correlated with
aggressiveness, distant invasion, and poor prognosis in all
such tumors [11]. Recent research indicates that STC2
plays a significant role in cancer formation, specifically
colorectalcarcinomal12].

In this study, immunohistochemically analysis investigated
the strength and proportion of STC 2 in various histological
gradesof 60 CRC patients.

METHODS

This study was conducted at the Life Care Molecular and
Polymerase Chain Reaction (PCR) Lab Services, Karachi
fromJanuary 2020 to December 2022 in collaboration with
Fazaia Ruth Pfau Medical College Karachi. It was a
retrospective observational study with
immunohistochemical analysis with a 95% confidence
level and a 5% margin of error. After obtaining approval
from the Ethical Committee of Fazaia Ruth Pfau Medical
College, Ref no: FRPMC/001/IRB/19 and Ref no:
LCMB/001/IRB/24 of Lifecare Molecular Lab. This study's
outcome variable includes the presence of carcinoma
infiltration into the biopsies. To calculate the sample size,
use proportions or prevalence of cancer cases (for
example, the proportion of cancerous to non-cancerous
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biopsies resected). Using the formula for comparing
proportions was the most popular way of calculating
sample size in clinical research with proportions.
According to a 2019 analysis, the prevalence of colorectal
carcinoma in Pakistan is approximately 4.9% [13] with
taking 6% margin of error 95% confidence interval and a
10% dropout rate was 60. The equation for sample size was
usingasingle proportionformula:
n=22xPx(1-P)
d2

60 selected paraffin blocks were selected which were
obtained fromthe biopsy samples of patients with clinically
and diagnostically proven colon and rectum cancer
received at Life Care Molecular Lab in collaboration with
Fazaia Ruth Pfau Medical College, Karachi. All biopsy
specimens showed all layers of intestinal mucosa with
varying degrees of cancer infiltration. 10 cases of colonic
biopsies were also included which were negative for any
malignancy as negative controls. “Demographic details of
all patients were retrieved and maintained Diagnostic
detailsincluding radiological and ultra-sonographic details
of all patients were collected. Histopathology of all
intestinal biopsies was performed on H and E-stained
slides to identify the degree of tumor infiltration and
invasion. At least five sections were taken from each
paraffin block from all biopsies to carry out routine stain (H
and E)andimmunostaining for Stanniocalcin 2.04 mmthick
sections were obtained from all intestinal biopsies.04 mm
thick sections were obtained from all intestinal biopsies.
Tissue sections were mounted on positively charged slides
followed by routine deparaffinization and antigen retrieval
by automated water bath (Cyto test, China). An unlabeled
primary antibody was added which bound with a specific
antigen on the tissue. Another labeled antibody
(secondary) which was already conjugated with an enzyme
(HRP) was added which binds to the antigen-antibody
complex just to amplify the detection level compared with
direct staining methods. A colored (brown), insoluble
precipitate at the antigenic sites was formed by the
conjugation of the enzyme (HRP) and a substrate (H202)
usinga chromogen, DAB(3, 3-diaminobenzidine), (Thermal
Fischer Scientific, USA). Positive expression was indicated
as the brown coloration of tumor cells that were easily
visualized and photographs were taken by using light
microscopy (Leica 2500 optical microscope, GmBH
Germany). All slides were examined by two consultant
histopathologists. The STC2 staining score was computed
using the method introduced by Zhang ZH et al [14]. The
percentage positivity of the stained tumor cells and the
stainingintensity were assessed as follows: <5%, scored O;
>5 to <25%, scored 1; 225 to <50%, scored 2; >50 to <75%,
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scored 3; and 275%, scored 4. Staining intensity was
graded as follows: score O=no staining; score 1 = mild
staining; score 2=moderate staining; and score 3=intense
staining [5]. Cancer cells showing STC2 expression were
countedasthe percentage of cells with positive staining by
counting atleast 100 cells using a scale of 1-4 where 5-10 %
cancer cells as 1+, 11-40 % cancer cells as 2+, 41-70 %
cancer cells as 3+, 71-100 % cancer cells as 4+ [15]. All
statistics analyses were performed on SPSS version 22.
Qualitative Variables such as tumor grade, STC2 score,
lymph node metastasis, and perineural invasion will be
summarized as frequency and percentages and
Quantitative Variables like age and tumor size will be
summarized as Mean + Standard Deviation. The Chi-square
Test will be used to evaluate associations between
qualitative variables like STC2 expression and categorical
clinicopathological features such as tumor grade, lymph
node metastasis, and perineural invasion. The p-value
<0.05wassetasthelevel of significance.

RESULTS

Out of 60 cases, 32(53%)were male patients with a median
age of 60 to 70 years while 28 (46%) were female patients
with a median age of 70 years. No statistically significant
relationship was found between age, sex, and STC 2
expression as shown in Table 1. CRC shows various gross
and morphological appearances including fungating,
ulcerating, or infiltrative but none of them shows any
significant association with STC 2 expression as seen in
Table 2. Significant association present between
histopathological features of CRC and STC 2 expression.
Tumor grade, T-stage, lymph node involvement, distant
metastasis, Duke Stages, and lymph-venous and
perineural invasion as shown in Table 3. The different
clinicopathological parameters used in this study were:
Tumor staging and grading, Tumor invasion, Lymph node
metastasis, perineural invasion, Disease Progression, and
Prognosis. Tumor grading was based on the Gleason
scoring system which divides tumors into three types
depending on their level of differentiation; well-
differentiated, moderately differentiated, and poorly
differentiated. The biopsy specimens were analyzed
through histopathological methods in an attempt to
categorize the tumors. Well, if we look at the level of
differentiation and the structure of cells studied under the
microscope, they meetall the requirements of grading CRC
according to standardized norms. Staging of tumors was
according to the Duke staging system, it's measured in
terms of the extent of tumor penetration into the bowel
wall, involvement of regional lymph nodes, and distant
metastasis. The invasion was described in the TNM system
and was evaluated by the T system degree of penetration
into the intestinal wall. Lymph Node Metastasis can be
evaluated in the N staging system in TNM system. The
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architecture of the biopsy tissue section was analyzed
histologically to see how far the cancer had spread to the
perineural region. In tissue sections, pathologists look for
cancer cells that invade nerves. Out of 60 cases of CRC
included in this study, 15 cases (25.1%) had negative
staining, 34 cases (56.6 %) showed mild positive staining,
and 11 cases (18.3%) showed intense positivity. Strong
positive staining(+3)in Invasive adenocarcinoma and weak
positive staining (+1) in well-differentiated
adenocarcinoma of colorectal cancerisillustratedin figure
1.

(Slight Brown Color
Staining=Weak Positive (+1)
Well Differentiated
Adenocarcinoma

(Brown Color Staining) = Strong
Positive (+3)

Invasive Adenocarcinoma
(Poorly Differentiated)
Figure 1: Immunohistochemically Analysis of Stanniocalcin

Expression

The data reveal no significant association between STC 2
expression and gender (p=0.117) or age (p=0.095). The
distribution of Stanniocalcin 2(STC 2) expression based on
ageandsexareshownintable.

Table1: Associationbetween Age, Genderand STC 2 Expression

Age and Gende = .

Gender
Male 32(53%) 12 14 6
0.117
Female 28(46%) 8 15 5
Age
>50 Years 63 +7|50(83%) 14 27 9 0.095
<50 Years 44 +5)110(16%) 3 5 2 ’

Various gross appearances of Colorectal Cancer (CRC)
such as fungating, ulcerating and infiltrative do not show a
significant association with STC 2 expression (p=0.139), as
shownintable 2.

Table 2: Association between Gross Appearance of CRC and
Stanniocalcin2 Expression

Gross Number Stanniocalcin 2 p-Value
Appearance °f Patients . Mild  Strong (Chi-Square
PP N(%) Negative o/ itive Positive Test)
Fungating | 22(36%) 5 15 2
Ulcerating | 28(46%) 10 14 4 0.139
Infiltrative 10(16%) 1 3 6

Associations between histopathological features of CRC
and STC 2 expression are presented significantly. Tumor
grade, T-stage, lymph node involvement, distant
metastasis, Duke Stages and lympho-venous and
perineural invasion all demonstrate significant statistical
associations(p<0.001), asshownintable 3.
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Table 3: Association between Histopathological Characteristics
and STC2 Expression

No of Stanniocalcin 2 p-Value

Histopathological

Feature P?‘tzg/: )t ® Negative Porggl:i‘ve Psot;ﬁri‘\?e (Ch!rigr)a e
Tumor Grade
Il 50(83%) 10 35 05 <0.001
1 10(17%) 01 07 02
T-Stage
T2 05(9%) 03 02 00 0.004
T3 40(66%)| 12 22 06
T4 15(25%) 01 06 08
Lymph Node Involvement
NO 28(46%) n 14 03
0.001
N1(Upto 3LN) [20(33%) 04 13 03
N2 (=4 LN) 12(21%) 02 04 06
Distant Metastasis
Mx 48(80%) - - - 0.001
M1 12(20%) 00 02 10
Duke Stages
B1 01(2%) 00 00 -
B2 28(46%) 10 14 04
<0.001
C1 02(3%) 00 01 01
C2 26(43%) 02 15 09
D 03(5%) 00 01 02
Lympho-Venous Invasion
Negative 42(70%) 15 27 00 <0.001
Positive 18(30%) 00 06 12
Perineural Invasion
Negative 48(80%) 16 29 03 <0.001
Positive 12(20%) 00 04 08

DISCUSSION

In Pakistan, various statistical data collected from
different regions have shown a 4-7% prevalence rate of
colorectal carcinoma [16]. Genetic as well as cultural and
environmental factors play a significant role in the
development and pathogenesis of colorectal carcinoma.
Consumption of high quantities of red and smoked meat in
multiple ethnic groups in Pakistan was the main cause of
this fatal disease [17]. According to the American Cancer
Society, 106,970 new cases of colon cancerand 46,050 new
cases of rectal cancer were expected to be diagnosed as
colorectal carcinoma in the USA in 20203 and expected
deaths by this disease would be 52550 in 2023.(ACS 2020).
In Pakistan, various statistics have shown prevalence rate
of colorectal carcinoma in adolescents, adults, middle-
aged age, and senior citizens was found to be as 5.2%,
7.4%, 4.9%, and 4.4% respectively [18]. Although, in the
pastvarious studies have been done on STC2 expression all
of them were based on genetic analysis and gene slicing of
STC2 in colorectal carcinoma showing inhibition of tumor
cell viability, infiltration, and metastasis. A few studies
based on immunohistochemistry have been performed in
recent years to demonstrate the immunohistochemical
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expression of STC2 about different clinicopathological
features of colorectal carcinoma. Since all these studies
prove the importance of STC2Z in the prognosis and
management of CRC, it compares these results with the
results of those studies. In this study, it found that overall
74.9% of cases were STC2 positive in which (56.6 %)
showed mild positive staining 11 cases (18.3%) showed
intense positivity, and 25.1% were negative. Almost similar
results were seen in studies like Galal RS et al., which
showed 28.3% negativity, 53.3% low-grade positivity, and
18.3% high-grade positivity. While Zheng et al., showed
24.35% negativity with 75.6% positivity in his study [4]. No
significant statistical association was seenamongage and
gender distributions (p=0.117, p=0.095). Zheng et al., and
Galal RS et al., have the same insignificant association
(p>0.005) [4, 5]. A significant association was found
between tumor grade and STC2 expression (p=0.001). In
CRC, tumor grade and stage were two important
prognostic factors[19, 20]. Galal RS et al., also a significant
relation between tumor grade and STC2 (p=0.004), while
Zheng et al., showed no significant association (p=0.205)
[4, 5]. Lymph node involvement was also an important
prognostic factor in the management and survival of
patients. This study shows a significant relationship
between lymph node involvement and STC2 expression
(p=0.001)whileZhengetal.,and Galal RS et al., also show the
same results [4, 5]. This study also shows a significant
association with distant metastasis (p=0.001) while Zhang
also shows similar results [11]. This study showed a
significant association between lymph vascular and
perineural invasion (p=0.001) Similar results were also
foundinastudyby GalalRSetal[5].

CONCLUSIONS

This study reveals a definite association of
immunohistochemical expression of Stanniocalcin 2
(STC2) with potent clinicopathological criteria such as
tumor grade and invasiveness. These results infer that
STC2 could playaroleindetermining the aggressiveness of
CRC tumors. This evidence indicates that STC2 could be
used to predict a prognosis; nonetheless, further clinical
investigation with larger samples based on different
populations was required to use it safely in clinical
applicationforearly diagnosisand treatment planning.

Authors Contribution

Conceptualization: SZ,NQ, ZA
Methodology: NQ, MS
Formalanalysis: SZ,MS

Writing, review and editing: SK, SS, ZA

Allauthorshavereadandagreed to the published version of
the manuscript.

Conflicts of Interest
Allthe authorsdeclare no conflict of interest.

PJHS VOL. 5 Issue. 10 Oct 2024 Copyright ® 2024. PUHS, Published by Crosslinks International Publishers
BY This work is licensed under a Creative Commons Attribution 4.0 International License. 172




Zafar S etal.,

Prognosis of Colorectal Carcinoma

Source of Funding

The author received no financial support for the research,
authorshipand/or publication of thisarticle.

REFERENCES

[1]

[10]

[11]

PJHS VOL. 5 Issue. 10 Oct 2024

Morgan E, Arnold M, Gini A, Lorenzoni V, Cabasag CJ,
Laversanne M et al. Global burden of colorectal
cancer in 2020 and 2040: incidence and mortality
estimatesfrom GLOBOCAN. Gut. 2023 Feb; 72(2):338
-44.doi:10.1136/gutjnl-2022-327736.

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram |, Jemal A et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA: a Cancer Journal for Clinicians. 2021
May; 71(3): 209-49. doi: 10.3322/caac.21660.

LiN, LuB, LuoC, CaiJ, LuM, Zhang Y etal. Incidence,
mortality, survival, risk factor and screening of
colorectal cancer: A comparison among China,
Europe, and northern America. Cancer Letters. 2021
Dec;522:255-68.doi: 10.1016/j.canlet.2021.09.034.
Watanabe T, Shiozawa M, Kimura Y, Hiroshima Y,
Hashimoto I, Komori K et al. Clinical Significance of
Stanniocalcin2 mRNA Expression in Patients with
Colorectal Cancer. Anticancer Research. 2021 Apr;
41(4): 2117-22. doi: 10.21873/anticanres.14983.

Galal RS, Darweesh MF, ElImahdi MH.
Immunohistochemical Expression of Stanniocalcin 2
in Colorectal Cancer: A Retrospective Egyptian
Study. Iranian Journal of Pathology. 2022; 17(1):15.
doi:10.30699/ijp.2021.521799.2559.

Mathey MD, Pennella CL, Zubizarreta P. Colorectal
carcinoma in children and adolescents. Arch Argent
Pediatr. 20210ct; 119(5): €487-98. doi: 10.5546/aap.2
021.eng.e487.

Wang J, Sahengbieke S, Xu X, Zhang L, Xu X, Sun L et
al. Gene Expression Analyses Identify a Relationship
Between Stanniocalcin 2 and the Malignant Behavior
of Colorectal Cancer. Onco-targets and Therapy.
2018 0ct: 7155-68.doi: 10.2147/0TT.S167780.

Hu L, ZhaY, Kong F, Pan Y. Prognostic Value of High
Stanniocalcin 2 Expressionin Solid Cancers: A Meta-
Analysis. Medicine. 2019 0ct; 98(43): €17432.doi: 10.1
097/MD.0000000000017432.

Qie S and Sang N. Stanniocalcin 2 (STC2): a universal
tumour biomarker and a potential therapeutical
target. Journal of Experimental & Clinical Cancer
Research. 2022 May; 41(1): 161. doi:10.1186/s13046-02
2-02370-w.

LiS,HuangQ, LiD, LvL, LiY,WuZ.Thesignificance of
Stanniocalcin 2 in Malignancies and mechanisms.
Bioengineered. 2021Jan; 12(1): 727685.doi: 10.1080/2
1655979.2021.1977551.

Zhang C, Chen S, Ma X, Yang Q, Su F, Shu X et al.
Upregulation of STC2 in colorectal cancer and its

[12]

[19]

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i10.2016

clinicopathological significance. Onco Targets and
therapy. 2019 Feb:1249-58. doi: 10.2147/0TT.S191609
Li 0, Zhou X, Fang Z, Pan Z. Effect of STC2 gene
silencing on colorectal cancer cells. Molecular
Medicine Reports. 2019 Aug; 20(2): 977-84.doi: 10.38
92/mmr.2019.10332.

Mathur P, Sathishkumar K, Chaturvedi M, Das P,
Sudarshan KL, Santhappan S et al. Cancer statistics,
2020: report from national cancer registry
programme, India. JCO global oncology. 2020 Jul; 6:
1063-75.d0i:10.1200/G0.20.00122.

Zhang ZH, Wu YG, Qin CK, Rong ZH, Su ZX, Xian GZ.
Stanniocalcin 2 expression predicts poor prognosis
of hepatocellular carcinoma. Oncology Letters. 2014
Nov; 8(5): 2160-4.doi: 10.3892/01.2014.2520.

WenZ, Luo D, Wang S, RongR, Evers BM, JiaL, FangY
etal. Deep Learning-Based H-Score Quantification of
Immunohistochemistry-Stained Images. Modern
Pathology. 2024 Feb; 37(2): 100398. doi: 10.1016/j.
modpat.2023.100398.

Joshi AD. New insights into physiological and
pathophysiological functions of stanniocalcin 2.
FrontiersinEndocrinology. 2020 Mar; 11:172.d0i: 10.3
389/fendo.2020.00172.

Das PK, Islam F, Lam AK. The roles of cancer stem
cellsand therapy resistancein colorectal carcinoma.
Cells.2020Jun; 9(6):1392. doi: 10.3390/cells9061392.
Marmol |, Sanchez-de-Diego C, Pradilla Dieste A,
CerradaE, Rodriguez YoldiMJ. Colorectal carcinoma:
a general overview and future perspectives in
colorectal cancer. International Journal of Molecular
Sciences. 2017 Jan;18(1):197. doi: 10.3390/ijms180101

97.

Kim MS, Park EJ, Kang J, Min BS, Lee KY, Kim NK et al.
Prognostic factors predicting survival in incurable
stage IV colorectal cancer patients who underwent
palliative primary tumor resection. Retrospective
cohort study. International Journal of Surgery.2018
Jan; 49:10-5.doi: 10.1016/j.ijsu.2017.11.038.

Wang J, Sahengbieke S, Xu X, Zhang L, Xu X, Sun L et
al. Gene expression analyses identify a relationship
between stanniocalcin 2 and the malignant behavior
of colorectal cancer. OncoTargets and Therapy. 2018
Oct: 7155-68.d0i: 10.2147/0TT.S167780.

173




