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Abstract:

Aim and Background: The present study aimed to investigate the immunohistochemical expression of CD44 and
Cyclin D1 in gastric carcinomas and to assess their correlation with clinicopathological parameters. Gastric cancer
(GC) is the fifth most common cancer worldwide and the fourth most leading factor in cancer -related deaths,
with an expected million new incidences and 769,000 fatalities in the year 2020.

Materials and Methods: This is a prospective and retrospective study of gastric adenocarcinoma. Study of 20
resected (subtotal, total, radical and palliative gastrectomy) and 10 endoscopic biopsy specimens were collected
from the Department of Surgery and Surgical Gastroenterology in the period between June 2019-June 2022 in the
Department of pathology, Meenakshi Medical College Hospital and Research Institute. All the patient
demographics, clinical presentation, site, size, type of growth and lymph nodes were noted and
Immunohistochemical studies for CD 44 and Cyclin DI were done.

Results: CD44 and Cyclin DI expression is noted only in well to moderately differentiated tumors and of intestinal
subtype while there is no expression seen in diffuse type and poorly differentiated gastric adenocarcinoma.
Conclusion: In the present study we concluded that expression of CD44 and Cyclin D1 were significantly
associated with intestinal type and histopathological grade of tumor hence these can be used as a marker for
differentiation of type of gastric cancer.
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Introduction

Gastric cancer (GC) is incredibly uncommon below
30 years. Most frequently, stomach cancer occurs in
adults between 6th and 8th decade of life. In India,
the age range for stomach cancer is 45 to 55years in
the North and 35 to 55years in South. Men have a
higher incidence of GC than women [1]. More
incidences of GC have been reported in South India
than in North Eastern regions [2]. Ninety- five
percent of the gastric malignancies are gastric
adenocarcinomas. The multistep carcinogenesis of
human GC is influenced by many genetic and
epigenetic alterations that involve oncogenes, tumor
suppressor genes, cell cycle regulators, and cell
adhesion  molecules. Though  numerous
pathohistological classifications have been used for
Gastric carcinomas, the two most commonly used
classification systems are WHO and Lauren's
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classification. Lauren classified gastric carcinoma
into intestinal and diffuse types. WHO classification
included not only adenocarcinoma but other rare
types also. The method of treatment is determined
by the anatomical site of the tumor, size of the tumor
and the possibility of obtaining tumor free surgical
margin. Surgery is the preferred form of therapy for
any respectable stomach cancer. Despite treatment,
progression, metastasis, therapy resistance and
recurrences are common [3].

Researchers now focus on identifying Cancer Stem
Cells (CSC) and targeting them for treatment.
Tumor comprises heterogencous populations of
cells which are explained by clonal evolution
hypothesis and the stem cell hypothesis. Only a
small subset of solid tumor cells is thought to have
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stem cell like properties. These cancer stem cells
(CSCs), as opposed to non -malignant stem cells,
have a higher potential for self - renewal, rapid
proliferation, and resistance to chemotherapy or
radiation [4].

Cancer stem cells (CSCs) were first identified in
acute myeloid leukemia and later found in various
solid tumors from brain, breast, colon, prostate,
liver, pancreas, and skin. Gastric cancer stem cells
(GCSCs) express distinct cell surface markers which
include CD44, EpCAM, ALDH, CD-133 and SOX
2. Over expression or under expression of these
markers is related to lymph vascular invasion, size
of the tumor and response to treatment.

Cell adhesion molecules tightly control the interact
ion of cells with one another as well as with the
extracellular matrix. Any change in this feature of
cell adhesion molecules paves the way for the spread
and growth of tumors.

The cluster of differentiation 44 (CD44), the main
hyaluronate receptor, encoded by the short arm of
chromosome 11 in humans, is an important cell
adhesion molecule. The extracellular domain,
transmembrane domain, and intracellular domain
are the three distinct domains that make up CD44.
Its extracellular component interacts with the ligand
hyaluronan (HA), and this interact ion creates
favorable condition for CSCs to rapidly proliferate
and differentiate [5].

CD44 promotes gastric stem cell proliferation by
boosting cyclin D1 expression. This is accomplished
by recruiting active form of signal transducer and
activator of transcription 3 (STAT3) that has been
involved in the emergence of carcinogenic
consequences. Cyclin D1 proto-oncogene is a cell
cycle regulatory protein, involved in the progression
of cell cycle from the G1 phase to the S phase.
Cyclin D1 forms active complexes with its binding
partners, cyclin -dependent kinases 4 and 6 (CDK4
and CDK6), which accelerates cell cycle
advancement by phosphorylating and inactivating
the retinoblastoma protein. The cyclin D1 protein
has a very short half -life (less than 24 minutes). 18
A high level of cyclin D1 activity in a cell causes it
to undergo the G1-S transit ion too early, which
results in the propagation of DNA damage that has
not been repaired and the accumulation of genetic
mistakes, which produces a permissive environment
for the growth of abnormal cells [6].

Over expression or under expression of CD44 and
Cyclin D1 is thought to be significant factor in the
development of tumors by influencing various
aspects of tumor cell behavior, including
proliferation, invasion, metastasis, and the
immunological escape response. The purpose of this
present study is to evaluate the expression of CD44
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and Cyclin D1 in gastric carcinoma and correlate
them with clinicopathological features.

Materials and Methods

Our study was a prospective and retrospective of
gastric adenocarcinoma carried out at the
department of Pathology, MMCH&RI,
Kanchipuram for a period of 13 months from June
2021 to June 2022. 30 primary gastric carcinoma
patients who underwent gastric resection or
endoscopic resection. All resected as well as biopsy
specimens irrespective of age and gender were
included in the study. Retrieval of tissue blocks from
the resected specimens and histopathological slides
of the corresponding numbers were collected. New
slides were made from the corresponding blocks.
The blocks were sectioned into 4 micron thick
sections and stained with Hematoxylin - Eosin and
IHC stains CD44 and Cyclin D1. Complete basic
clinical information of patients was collected from
medical records. All the 30 cases were assessed for
CD44 and Cyclin D1 expression through
immunohistochemical assay. Immunohistochemical
stained slides were grouped into positive and
negative according to the percentage of cells stained
and intensity of stain. Positive control for CD44 and
Cyclin DI1- Sections from a tonsillar tissue and
mantle cell lymphoma case were used as a positive
control for CD44 and Cyclin D1 respectively.
Negative controls were obtained by replacing the
primary antibody with a non-immunized rabbit or
mouse serum.

Scoring criteria for CD44: For the interpretation of
CD44 expression, both the staining intensity and
percentage of cells stained were considered.

1. Intensity of staining was scored as follows:
(0) = No staining

(1+) = Weak staining

(2+) = Moderate staining

(3+) = Strong staining

The Composite score was obtained by multiplying
both the intensity of staining as well as the
percentage of staining. The composite score ranges
from 1 to 9. Composite scores of 1 -3 we r e labeled
as ‘low CD4 4 expression "whereas scores of 4- 9 we
relabeled as “high C D4 4 expression”. A tumor with
any of the score was considered as positive
expression, while those with no staining only was
considered as negative expression.

Scoring Criteria for Cyclin D1: The intensity of
nuclear staining was graded from 0 to 3 as follows:

Grade 0 — absence of staining
Grade 1 — faint nuclear staining

Grade 2 — moderate nuclear staining
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Grade 3 — intense nuclear staining.

The distribution of positive cells in tumors were
graded based on the score present in Negative, 1+,
2+ and 3+ indicates no staining, 10% tumor cells,
11-50% tumor cells and more than 50% tumor cells
respectively.

Statistical Analysis: All the data’s were collected
and the association between categorical explanatory
variables was assessed by the chi -square test. P
value < 0.05 considered as association between
outcome variable and explanatory variable.
Independent T test was used to assess statistical
significance between categorical outcome variable

e-ISSN: 0976-822X, p-ISSN: 2961-6042

and explanatory continuous variable. P value < 0.05
was considered statistically significant by using
IBM SPSS software version 22.

Results

Age and sex wise distribution: Table.1 showed that
the age of the patients ranged from 30 -80 years, the
mean age was 60.6 + 10.65. Among them, the
most commonly affected age group (33%) was
between 61-70 years. In our study, we had an equal
gender distribution, 50% of them were male and
50% of them were female.

Table 1: Age and sex wise distribution

Distribution of | 31-40 years 41-50years 51-60years 61-70years 71 and above
patients
Age wise 1(3.3%) 5(16.7%) 9(30.0%) 10(33.3%) 5(16.7%)
Sex wise 1 male 2 males 4 males 5 males 3 males
3 females 5 females 5 females 2 females

Distribution of CD44 Expression based on
pattern of staining: Table.2 showed that our study
CD 44 expression was further categorized as low
expression and high expression based on the scoring
pat tern. Cases with low expression had an equal
distribution of cytoplasmic  (18.75%) and

membranous (18.75%) positivity. Cases with high
expression had predominantly membranous
positivity (43.75%), (12.5%) had cytoplasmic
positivity and (6.25%) had both cytoplasmic as well

as membranous positivity.

Table 2: Distribution of CD44 Expression based on pattern of staining

CD 44 Positive Cases Cytoplasmic Membranous Both
Low CD44 Expression 3 (18.75%) 3 (18.75%) 0

High CD44 Expression | 2(12.5%) 7(43.75%) 1 (6.25%)
(10)

Correlation of Expression of CD44 with tumor
location: Table.3 indicated that the tumors in the
antropyloric region predominantly showed no

staining while more than half of the tumors in cardia,
fundus and body showed CDA44 expression. This
correlation did not show any statistical significance.

Table 3: Correlation of Expression of CD44 with tumor location

Location Score of CD 44 Chi P Value
High Low Negative Square

Cardia, Fundus and Body (N=10) 5 (50%) 2(20%) 3(30%) 2.143 0.343

Antrum and Pylorus (N=20) 5 (25%) 4(20 %) 11 (55%)

Correlation of expression of CD44 with histologic
type: Table 4 mentioned that all the diffuse types of
tumor showed no staining for CD44, whereas in the
intestinal type of tumor, 10 showed high CD44

expressions, 6 showed low CD44 expression and
only 4 of them had no staining. So statistically
significant correlation exists between CD44
expression and histologic type of Gastric carcinoma.

Table 4: Correlation of expression of CD44 with histologic type

Histological Score of CD 44 Chi Square P Value

Type High Low Negative

Diffuse (N=10) | 0 0 10 (100%) 16.619 <0.001

Intestinal 10(50%) 6(30%) 4(20%)

(N=20)
Correlation of expression of CD44 with histologic significance exists between CD44 expression and
grade: Table.5 indicated that the statistical histologic grade because in our study CD44
Priyanka P et al. International Journal of Current Pharmaceutical Review and Research

2072



International Journal of Current Pharmaceutical Review and Research

expression was in proportion with grade of the tumor
and well differentiated tumor showed higher
expression compared to moderately differentiated
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tumor and there was no staining in poorly
differentiated carcinoma.

Table 5: Correlation of expression of CD44 with histologic grade

Histologic Grade Score of CD44 Chi P Value
High Low Negative square

Well Differentiated (N=10) 6(60%) 2(20%) 2(20%) 18.743 <0.001

Moderately Differentiated (N=10) 4(40%) 4(40%) 2(20%)

Poorly differentiated (N=10) 0(0%) 0(0%) 10 (100%)

Correlation of expression of CD44 with tumor
stage (pT of TNM): Table.6 indicates among the
study population, 2(100%) of pT1 stage had high
CD44 score, in 2 of pT2 stage 1 showed high CD44
expression and 1 had no staining, in 2 of pT3 stage
1 showed low CD44 expression and 1 had no

staining and among 14 of pT4 stage 7 showed CD44
expression and 7 did not express CD44 maker. The
difference in proportion of CD44 score between pT
of TNM stage was not statistically significant. (p
value 0.586).

Table. 6. Correlation of expression of CD44 with tumor stage (pT of TNM)
pT of TNM Stage Score ofCD44 Chi-square P-value
High Low Negative
Biopsy(N=10) 2(20%) 3(30%) 5(50%)
pT1(N=2) 2(100%) 0(0%) 0(0%)
pT2(N=2) 1(50%) 0(0%) 1(50%)
pT3(N=2) 0(0%) 1(50%) 1(50%)
pT4(N=14) 5(35.7%) 2(14.3%) 7(50%) 6.697 0.586

Distribution based on Cyclin D1 expression:
Table 7 showed that among the study population,
cases which expressed cyclin D1 were further
categorized based on scoring pat tern. All of them
showed only nuclear staining and there was no

cytoplasmic staining of Cyclin D1 in our study.
Among Cyclin D1 expression there was an equal
distribution of mi 1d (23.33%) and moderate cases
(23.33%) and only 6.67% had strong staining.
46.67% of them showed no expression.

Table 7: Distribution based on Cyclin D1 expression

Score of Cyclin D1 No of Cases Percentages
Mild 7 23.33%
Moderate 7 23.33%
Strong 2 6.67%
Negative 14 46.67%

Correlation of expression of Cyclin D1 with
histologic type: Figure.l. represents that all the dif
fuse types of tumor showed no staining for Cyclin
D1, whereas in the intestinal type of tumor, mi Id and
moderate expression of Cyclin DI was in equal
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number, 2 showed strong expression and 4 showed
absent staining. This showed a statistically
significant relation between CD44 expression and
histologic type of Gastric carcinoma.
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Correlation of expression of Cyclin D1 with
histologic grade: Figure.2. Statistical significance
exist between Cyclin D1 expression and histologic
grade because in our study Cyclin D1expression was
in proportion with grades of the tumor that is well

differentiated tumor showed more moderate
expression, compared to moderately differentiated
tumor and there was lack of staining in poorly
differentiated carcinoma.
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Comparison between Score of CD44 and
CYCLIN D1: Table.8 indicates that among the
study population, cases with high CD 44(10)
expression have predominantly moderate (6)
CyclinD1 expression, cases with low CD 44
expression also showed either mild (4) Cyclin DI
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expression or no expression. Cases with no CD 44
expression (14) als o had predominantly (10) Cyclin
D1 negative staining, 2 of them showed mi 1d Cyclin
D1 expression, 1 had moderate expression and the
remaining 1 had strong Cyclin DI expression. (p
value 0.004).
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Table 8: Comparison between Score of CD44 and CYCLIN D1

Score Of CD44 Score of Cyclin D1 Chi- P-value
Mild Moderate | Strong Negative square

High (N=10) 1(10%) 6(60%) 1(10%) 2(20%)

Low (N=6) 4(66.67%) 0(0%) 0(0%) 2(33.33%) 18.980 0.004

Negative (N=14) 2(14.29%) 1(7.14%) | 1(7.14%) 10(71.43%)

Strong cyclin D1 itive expression in
the tumor cells of well differentiated adeno
carcinoma

Strong CD44 membranous expression in the tumor
cells of moderatelv differentiated adenocarcinoma

L G g Lo
CD44 positivity in the lymph node adjacent to
the tumor, to differentiate CD44 negative
expression in poorly differentiated tumor

<
Strong cyclin D1 nuclear expression in_tumor cells
of moderately differentiated adenocarcinoma

ity

v . o . A el .I“l.h"

o

Cyeclin D1 negative expression in poorly
differentiated adenocarcinoma

Immuno Histochemical Images

Discussion

Gastric carcinoma occurs in patients throughout the
world, although the incidence varies geographically.
GC is the fourth leading cause of mortality. A tiny
subset of tumor cells known as CSCs that resemble
stem cells play a role in the development, metastasis,
and therapy resistance of GC. CD44 has been
identified as a CSC marker and as a key actor in
controlling the characteristics of CSCs in various
tumors, including GC. The present targeted
therapeutic approaches in GC primarily aim to
destroy non - CSCs; nonetheless, the surviving
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CSCs in GC are implicated in tumor metastasis and
recurrence.

The unchecked cell proliferation by cyclin D1 and
increased cell migration signifies its oncogenic
activity. Various putative molecular mechanisms
under lie the cell migration by the interact ion of
cyclin D1 - CDK4/6 complexes, p27kipl and
ROCKII (Rho/ROCK signaling).

These have functions related to cytoskeleton
remodeling that contribute cell migration.
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Consequently, understanding about pathogenesis of
CD44 and Cyclin D1 expression is war ranted for the
development of therapy targeting CSCs and cell
cycle regulators respectively for effective treatment
of GC.

This study at tempts to analyze the expression of
cyclinD1 and CD44 and correlate its expression with
various clinicopathological parameters. This study
was undertaken in 30 gastric carcinoma patients.
Patients age ranged from 35 to 76 years. The mean
age of the patients recruited in the study was 60.6
years. Takano et al conducted studies in 455 gastric
carcinoma patients and found that the median age at
diagnosis was 60.6 (range 28-87 yrs) which was
similar to our study

In our study, we had an equal gender distribution of
15 (50%) were male patients and 15 (50%) were
female patients. Majority of the patients (90%)
presented with weight loss, (86.6%) followed by
pain abdomen, early satiety (60%), vomiting
(43.3%), dysphagia (20%) and malena (13.3%)
which was similar to the study done by Barad et al

[7].

When we look upon the histologic grade of the
tumor 33.3% were diagnosed with well -
differentiated adenocarcinoma, 33.3%  were
moderately differentiated adenocarcinoma, and
33.3% of poorly differentiated adenocarcinoma in
this study. However, it was contrary to the study by
Emmanuel le Leteurtre et al [8] who observed that
poorly differentiated adenocarcinoma constituted
the most common type, followed by moderately
differentiated and well -differentiated
adenocarcinomas.

When lymph node status were studied, our study
showed 80% positivity in lymph node metastasis
and 20 % negativity in resected specimens, which
showed 75% lymph node positivity and 25% lymph
node negativity. We had more advanced cases (80%)
than early cases (20%) in resected specimen, which
was similar to the study done by Takano et al [9]. in
455 cases of gastric carcinoma.

CD44 EXPRESSION IN GASTRIC
CARCINOMA: In our study we categorized CD44
positive cases based on staining intensity and
percentage of cells stained into low and high
expression. Most tumors that expressed CD44
showed high expression (33.33%) and 20% had low
expression of CD44. Non-expressors (46.67%)
showed complete absence of cytoplasmic as well as
membranous staining within the entire tumor. This
was similar to the study done by Priyadharisini J et
al [10]. Out of 30% cases CD44 positive cases were
53.33%. Our investigation exhibited a strong
statistical relationship with the histological subtype.
CD 44 expression was largely seen in the intestinal
subtype and was absent in the diffuse type.
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Similarly, in a study by Kamran Ghaf farzadehgan
et al [11] stomach cancer was found in 100 patients,
and of those, 65% had CD44 positive cases,
frequently expressed in intestinal subtype (p=0.002).
In a study by T. wang et al'? 116 cases of stomach
cancer cases, CD44 positivity was present in 77% of
the patients, which demonstrated strong statistical
connect ion with histological stage and tumour grade
(p=0.002).

This study showed CD44 expression in well and
moderately differentiated histopathological grade
but poorly differentiated grade showed no
expression, which was consistent with Yamaguchi et
al 131 results that differentiated adenocarcinomas
expressed CD44 at a much greater level than diffuse-
type carcinomas (p=0.014). Review by Wang et al
[12]. which contrasted with our results, found that
CD4 4 expression was substantially more common
in GC with poor/undifferentiated compared with
well /moderate differentiation (P=0.027) and in GC
with dif fuse type compared with intestinal type
histology (P=0.016). Primary tumor stage
classification (T of pTNM) demonstrated no
statistical significance with CD44 expression in our
study, which was in agreement with Cao et al 136
study but at odds with Chen et al 's [13] study, which
found that CD44 expression was positively
correlated with advanced stage and had been | inked
to the emergence of lymph node metastases.
Statistically —significant relationship was not
established between clinicopathological factors like
gender, depth of invasion and lymph node status.
This finding was consistent with Kamran Ghaf
farzadehgan et al [11]. and T. wang et al [12] who
also found a statistically significant relationship only
for histological type and tumour grade. We had
mostly membranous positivity compared to
cytoplasmic staining similar to the study by
Priyadharisini J [10] in 50 gastric carcinoma cases.

CYCLIN D1 Expression in Gastric Carcinoma:
In our study we categorized Cyclin D1 positive cases
based on staining intensity and percentage of cells
stained into mild, moderate and strong. Most tumors
that expressed cyclin D1 showed mi 1d (23.33%) to
moderate (23.33%) nuclear staining and only 6.67%
of cases showed intense nuclear staining. Non-
expressors (46.67%) generally showed complete
absence of nuclear staining within the entire tumor.
So, the summation of all Cyc 1 in D1 positive cases
were 53.33%, similar to the findings by Begnami et
al [14]. Our study showed more than 50% of positive
cases for cyclin D1 and all of them were of intestinal
type, similar to W. Muller et al [15] studies which
showed Cycl in Dl immuno expression in
approximately 50% of gastric cancers, more
commonly in the intestinal type than in the diffuse
type whereas in a study done by M. D. Begnami et
al [14] the same frequency of cyclin D1—positive
cases (50%) was found with no statistical
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significance to histologic subtype. Similar results
were demonstrated in colorectal carcinomas by Dr
Elli Ioachim [16]. However, in a study by W. Muller
et al [15] in tumour cell differentiation, differences
in cyclin D1 expression did not reach statistical
significance.

Cyclin D1 immuno expression in the nucleus was
considered as positive, whereas expression in the
cytoplasm was regarded as aberrant. Our study had
only nuclear positivity. Takano et al [9]
investigation's showed that immunohistochemistry
positive was limited to nuclei, with the 5% of cases
that had high cytoplasmic staining being regarded as
negative.

According to Baldin et al [17] in human tumour cell
lines, cyclin D1 is confined to the nucleus but
vanishes as cells enter the S phase. In agreement,
Gillet et al [18] observed that in 5% of breast
tumours, there was high cytoplasmic staining
without any nuclear reaction. It has been proposed
that such tumours should be viewed as negative
because the cause of this unusual distribution is
unknown. Arber et al [18] pointed out that the
presence of cyclin D1 outside the nucleus in colonic
neoplasm suggests an additional but as of yet
undefinable physiological purpose.

Comparison between score of CD44 and Score of
Cyclin D1: In our study, intestinal subtypes and
grades with well to moderate differentiation
expressed both Cyclin D1 and CD 44. Cases with
high CD44 expression also had moderate to strong
Cyclin D1 expression whereas in cases with low
CD44 expression, Cyclin D1 was either absent or
weakly expressed.

Cases lacking CD4 expression were predominant ly
lacking in Cyclin D1 expression also. The difference
in proportion of CD44 and cyclin D1 Score was
statistically significant. (p value 0.004) which was
similar to the study done by Ibrahim et al [12] and
chang et al [19] studied CD44 expression in Chronic
Myeloid Leukemia, showed down regulation of
CD44 resulted in down regulation of Cyclin D1 also.
This is because CD 44 cancer stem cells regulate and
promote Cyclin D1 cell cycle regulator. In thyroid
carcinoma, De Falco et al [20]. has demonstrated
that CD44 - ICD up regulates Cyclin D1 expression
by recruiting CREB transcript ion factor.

Conclusion

Our research revealed a significant association of
Cyclin D1 and CD 44 with histological type and
histopathological grade as well as between the
markers. A substantial association between Cyclin
D1 and Tumor stage is also present. These findings
suggest that certain marker profile’s

may play a crucial role in therapeutic care of patients
with gastric cancer in the future. The results of our
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study showed that Cyclin D1, a cell cycle regulator
is enhanced by CD 44 cancer stem cells. Cyclin D1
is crucial for the G1 checkpoint of the cell cycle.
Therefore, over expression of Cyclin D1 causes an
early GI-S phase transition that propagates
unrepaired DNA and leads to abnormal cell
proliferation. This present study gives a better
understanding of the fundamental basis of how
Cyclin D1 and CD44 expressions were regulated,
Which will be helpful to understand the mechanism
underlying the pathogenesis of GC and developing
targeted therapy in GC.
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