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ABSTRACT

Objective: To analyse partial and total gastrectomy specimen in items of immunohistochemical staining of the stem cell
CD44 and CD133; and to determine their relationship to pathological stage, other clinicopathological prognostic parame-
ters, and their predictive value.

Study Design: Derscriptive study.

Place and Duration of Study: Department of Pathology, Bolu Abant Izzet Baysal University, Medical School, Turkey,
from 2013 to 2018.

Methodology: Eighty-three cases, diagnosed with adenocarcinoma from stomach partial and total gastrectomy slides
and blocks, were included in the study. Adenocarcinoma cases, that had received neoadjuvant treatment before gastrec-
tomy, cases diagnosed with lymphoma and other malignancies and cases of resection performed for reasons other than
tumours, were excluded. Formalin-fixed and paraffin wax-embedded gastric adenocarcinoma blocks were sliced. CD44
and CD133 were stained onto the slides in a Leica Bond Max staining device in compliance with immunohistochemical
staining datasheets. Membranous staining for CD44 and cytoplasmic, membranous or luminal staining for CD133 were
evaluated. Mann-Whitney U-test and Kruskal- Wallis test were used for group comparisons. For pairwise comparisons,
post-hoc Dunn’s tests were used. The results were assessed on the significance level of p <0.05. The analyses were
performed using the Statistical Package for the Social Sciences version 22.0 for Windows (SPSS Inc., Chicago, Illinois,
USA).

Results: Considering CD44 and CD133 expressions in terms of pathological stage, there was significantly more intense
expression in the T3 and T4 cases (p=0.009, and p=0.002, respectively).

Conclusion: Although CD44 is regarded to be associated with more prognostic parameters compared to CD133, both
immunohistochemical stains were shown to be related to pathological stage. Thus, these may be guiding for determining

the tumour depth.
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INTRODUCTION

Gastric adenocarcinoma is the second cause of cancer-related
deaths and the fourth most common cancer in the world."*
According to the 2014 data from the Turkey United Database,
gastricadenocarcinomais the 5th most common canceramong
men (14.3%) and the 6th most common among women
(6.5%).*
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Gastriccancerstemcellsaretransformed fromadulttissue-spe-
cific stem cells, located in the gastric isthmus/corpus neck
glands.’ CD44 and CD133 are cancer stem cells, isolated from
solid tumours.® The CD44 family takes a role in the epithelial
mesenchymal transition of proteins in gastric tumours, DNA
repair, invasiveness and metastasis.”® However, the clinical
and prognostic role of CD44 variants on gastric cancer is not
clear.’

CD133 is associated with poor prognosis in gastric cancer and
may be used as a therapeutic agentin gastric cancer.’ CD133--
positive tumours are more aggressive in prostate and colon
carcinoma, andthere are few studies on tumour biology, metas-
tasisandrecurrenceingastriccancer.”®

Theaim of this study was to determine the relationship between
the expressions of the cancer stem cell markers CD44 and
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CD133 in gastric adenocarcinomas and the pathological stage
and proven prognostic significant, to emphasise the prognostic
and predictive significance and to shed light on determination
oftargetedtreatmentapproaches.

METHODOLOGY

This study was conducted with a retrospective design. The
partial and total gastrectomy materials of 83 patients, who were
admitted to the Department of Pathology, Bolu Abant Izzet
Baysal University School of Medicine, between 2013 and 2018,
were found in the archive records. The patients did not receive
chemotherapy and radiotherapy before the operation. Cases
that received a diagnosis of adenocarcinoma from stomach
partial and total gastrectomy materials were included in the
study. Adenocarcinoma cases that had received neoadjuvant
treatment before gastrectomy, cases diagnosed with lymphoma
or other malignancies, and cases of resection performed for non
tumour reasons, were excluded. The clinical findings of the
patients were obtained from the archive records. Histopatholog-
ical parameters were re-evaluated from the archive slides.
According to the Lauren classification, there were intestinal,
diffuseand mixed types. Tumour stage was determined based on
the American Joint Commission for Cancer criteria (AJCC 8th
edition).

Formalin-fixed and paraffin wax-embedded gastric adenocarci-
noma blocks were obtained from the Department of Pathology
archive. They were stained with haematoxylin-eosin. For the
immunohistochemical staining process, 3-um-thick sections
were taken from the formalin-fixed paraffin-embedded tissues
paraffin blocks. CD44 and CD133 were stained in a Leica Bond
Max staining device in compliance with immunohistochemical
staining datasheets. The immunohistochemically stained slides
were examined by two pathologists. The CD44 (MRQ-13) mono-
clonal antibody (1: 200 dilution; clone MRQ-13, Millipore Sigma,
USA) immunohistochemical stain was applied. Inflammatory
cells were used for the positive internal control of CD44.> The
CD133 (D4W4N) XP Rabbit mAb (1: 500 dilution; clone D4W4N,
Cell Signalling Technology) immunohistochemical stain was
applied. Colon adenocarcinoma was used for CD133 control in
accordancewithitsdatasheet. Haematoxylin-eosinandimmuno-
histochemical sections were examined under a Leica DM 2000
LED light microscope. They were photographed with an INFINITY
3ANALYZERelease 6.5imaging system.

Immunohistochemical staining was semi-quantitatively evalu-
ated in membranous staining for CD44 and cytoplasmic,
membranous or luminal staining for CD 133. According to
staining intensity, negative staining was scored as 0, weak
staining was scored as 1+ (minimal, in less than 10% of tumour
cells), medium level positive staining was scored as 2+, and
intense staining was scored as 3+.>**** According to the staining
extent, lessthan <5% staining was scored as 0, >5-25% staining
was scored as 1, >25-50% staining was scored as 2, >50-75%
staining was scored as 3, and >75% staining was scored as 4."
Thetotal score (IHK) was obtained as staining intensity x staining
extent.

The quantitative data are summarised using medians (25" - 75"

percentile), while frequencies (percentages) are given for the
qualitative data. Mann-Whitney U-test and Kruskal-Wallis test
were used for group comparisons. For pairwise comparisons,
post-hoc Dunn’s tests were used. The results were assessed on
the significance level of p <0.05. The analyses were performed
using the Statistical Package for the Social Sciences version 22.0
for Windows (SPSS Inc., Chicago, lllinois, USA). This study was
authorised in advance by the Ethics Committee of Bolu Abant
Izzet Baysal University for clinical studies (Decision No:
2018/123).

RESULTS

All clinicopathological parameters, as well as CD44 and CD133
immunohistochemical staining, are summarisedinTablel.

No CD44 staining was observed in 2.4% (n=2) of the 83 cases.
The CD44 staining intensity was one positive (+) in 13.3% (n =
11) of the cases, two positive (++)in 18.1% (n = 15) of the cases
and three positive (+++) in 66.3% (n = 55) of the cases. The
CD44 staining extent was one positive (+)in 21.7% (n=18) of the
cases, two positive (++) in 22.9% (n=19), three positive (+++)
in21.7% (n=18) of the cases and four positive (++++) in 31.3%
(n=26)ofthe cases.

No CD44 staining was observed in 1.2% (n=1) of the 83 cases.
The CD133 staining intensity was one positive (+) in 13.3%
(n=11) of the cases, two positive (++) in 20.5% (n=17) of the
casesandthreepositive (+++)in64.1% (n=54) ofthe cases. The
CD44 staining extent was one positive (+)in 20.5% (n=17) of the
cases, two positive (++) in 19.3% (n=16), three positive (+++)
in 32.5% (n=27) of the cases and four positive (++++) in 26.5%
(n=22)ofthe cases.

The CD44 and CD133 immunohistochemical expressions in the
intestinal and diffuse type adenocarcinomas are shown in
Figures 1and 2. Considering the CD44 and CD133 expressionsin
pathological T, the study was found significantly more intense
expression inthe T3 and T4 cases (p=0.009, p=0.002). The pair-
wise comparisons showed significantly higher CD44 and CD133
expressionsinT3andT4aincomparisontoT1b.

The CD44 expressions were found to be significantly different
between the pathological N groups (p=0.008). Cases without
lymph node metastasis had expressions, but on very low levels.
No significant difference was found between the pathological N
groupsintermsof CD133 expression (p=0.158). Additionally, no
significant difference was found in the pathological metastasis
(M)groupsintermsof CD44and CD133.

According to pathological staging, the CD44 and CD133 expres-
sions were the lowest in stage 1 and differed in other stages.
However, no significant differences were found between these
expressionrates(p=0.075,p=0.084).

No significant difference was found in the CD44 and CD133 expres-
sions in terms of gender, age, type of surgical operation, tumour
location and size. No significant correlation was found between
CD44 and CD133 expressions and intestinal metaplasia, heli-
cobacterpyloripresence, and tumour periphery lymphocyteratio.
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Table I: All clinicopathological parameters with CD44 and CD133 immunohistochemical staining.

n % ) . Ccb44 p CD133 (intensity and p
(intensity and extent) extent)
Gender 0.539 0.335
Female 25 30.1 6 (2.5-12) 6 (2.5-10.5)
Male 58 69.9 7.5(3.8-12) 9 (6-12)
Age 0.829 0.256
<60 24 28.9 9(2.3-12) 9 (6-12)
>60 59 71.1 6 (4-12) 6 (3-12)
Lauren type 0.001 0.032
Intestinal 57 68.7 6 (2-9)° 6 (2-9)
Diffuse 20 24.1 12 (9-12)° 9 (6-12)
Mix 6 7.2 7.5(5.3-12) 10.5 (6-12)
Histological grade 0.043 0.014
1 12 14.5 3 (19 2 (1-6)*
2 30 36.1 6 (4-12) 6 (4-12)°
3 41 49.4 9 (4-12)° 9 (6-12)°
Pathological M 0.464 0.199
MO 53 63.9 6 (3.5-12) 6 (3-9)
M1 30 36.1 9(2.8-12) 9 (6-12)
Pathological N 0.008 0.258
0 23 27.7 4 (2-6)° 6 (2-9)
1 17 20.5 6 (3.5-10.5) 6 (3-12)
2 10 12.0 9 (3.8-12) 7.5 (5.5-12)
3a 19 22.9 12 (6-12)° 9 (6-12)
3b 14 16.9 9 (5.3-12) 9 (5.5-9.8)
Pathological T 0.009 0.002
la 3 3.6 1 (NA) 2 (NA
1b 13 15.7 4(1-6)*" 2(1.5-6)*
2 2 2.4 9 (NA) 9 (NA)
3 25 30.1 9 (6-12)° 9 (6-10.5)°
4a 34 41.0 9 (4-12)° 9 (5.5-12)°
4b 6 7.2 10.5 (1.8-12) 9 (2.5-12)
Stage 0.075 0.084
la 12 14.5 3(1-6) 3(1.3-6)
1b 2 2.4 3.5 (NA) 5.5 (NA)
2a 5 6 9 (5-12) 9(3-12)
2b 12 14.5 7.5 (4-11.3) 9 (6-9)
3a 8 9.6 7.5 (3.3-12) 6(1.8-12)
3b 7 8.4 12 (6-12) 9(1-12)
3c 7 8.4 9 (6-12) 9 (6-12)
4 30 36.1 9(2.8-12) 9 (6-12)

a=0.05.

The data are expressed as median (25-75" percentile). Mann-Whitney U-test and Kruskal-Wallis test were used for group comparisons.®” Same superscript
letters indicate statistically significant difference between the two groups based on the post-hoc Dunn'’s test. Bold p-values indicate statistical significance at
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Figure 1: pe HEX200,

membranous expression of CD44, X200, (c) Cytoplasmic expression
of CD133, X100, (d) Luminal expression of CD133, X200.
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Figure 2: (a) Adenocarcinoma, diffuse type, HEX200, (b) Diffuse
membranous expression of CD44, X200, (c) Cytoplasmic expression
of CD133, X200, (d) Cytoplasmic expression of CD133, X400.

DISCUSSION

Gastric adenocarcinomas are divided into intestinal and
diffuse subtypes with different epidemiological and prog-
nostic factors, according to the Lauren histological classifi-
cation, and 90% of the gastric cancers are adenocarci-
nomas.>"

CD44 expression is associated with lymph node metas-
tasis, poor prognosis and distant metastasis in gastric
cancer.”** In-vivo and in-vitro studies have shown that
CD44+ stem cells have self-renewal and differentiation
ability, and they have emphasised that these cells may be
used as a gastric cancer stem cell marker.?

Mayer et al. found that CD44 expression in primer gastric
tumour occurred in 30 out of 61 cases (49%)."> CD44
expression in primary tumours was found to be correlated
with tumour differentiation, tumour metastasis, recurrence
and tumour-related mortality.”

Jung et al. found that CD44 expression was an independent

prognostic factor, and poor prognosis was associated with
old age, high pathological stage and poorly differentiated
histology.®

Ghaffarzadehgan et al. determined that CD44 expression
was related to stage and affected survival separately from
stage.” It may contribute to the diagnosis of gastric cancer
and may be a marker in determining tumour metastasis."*
Ibrahim et al. observed that CD44-positive expression was
related to tumour differentiation grade, tumour recurrence,
short disease-free survival and overall survival.** Nosrati et
al. found that CD44 was associated with intestinal type
cancer, tumours with sizes of 4-8 cm, moderate differentia-
tion and serous invasion without lymphovascular invasion.’

Wu et al. conducted the first systematic review on the prog-
nostic role of the CD44 family in gastric cancer.” While the
expression of CD44s was found to be related to the N stage
and distant metastasis, no correlation was found between
the expression of CD44s and T stage or TNM stage.’

In this study, while CD44 was associated with histological
grade, intestinal type, lymphovascular and perineural inva-
sion, pathological T and pathological N, there was no corre-
lation with pathological M. According to these results, it
was considered that CD44 could be a predictive factor that
may be used in prediction of pathological T and N in biopsy
materials.

Ishigami et al. reported that CD133 expression was related
to T stage, nodal involvement, venous invasion and
advanced stage (p<0.01).° In addition to the presence of
CD133, detection of CD133-positive tumour cell volume
was emphasised to have prognostic significance.’ Similarly,
we assessed the extent and intensity of the immunohisto-
chemical stains separately.

Zhao et al. examined 336 gastric adenocarcinoma cases,
where CD133 expression was related to tumour size, inva-
sion depth and lymph node metastasis.'* Yu et al. found
that CD133 was related to >5 cm tumour size, lymph node
metastasis, advanced TNM stage, and lymphovascular inva-
sion."’

In this study, while CD133 was associated with histological
grade, intestinal type and pathological T, there were no
correlations with pathological N, pathological M, lymphovas-
cular invasion or perineural invasion. CD133 may be used
as a prognostic factor in prediction of tumour invasion
depth, thanks to its relationship with pathological T stage.

Meta-analysis studies emphasised that CD133 alone has no
prognostic significance, and it should be evaluated in
combination with other cancer stem cell markers such as

CD44."® Wakamatsu et al. examined 190 gastric cancer
cases and determined that CD44 and CD133 were associ-
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ated with TNM stage, and they were independent prog-
nostic factors.® CD44-positive gastric cancer cases were
found to be associated with advanced N stage (p=0.04)
and TNM stage (p<0.001).° CD133 gastric cancer cases
were found to be associated with N stage (p=0.02) and
intestinal tumour subtype.®

This study observed a low expression levels at low TNM
stages, but it did not find a significant correlation. While a
correlation similar to this study existed between CD44 and
N stage, no significant correlation was found with CD133.

The lowest level of staining was detected in stage 1 in both
immunohistochemical staining procedures, but no signifi-
cant correlation was found with stage, which was similar to
the study by Wu et al.” It was important that both markers
had low expression in stage 1. None of these markers was
correlated with metastasis, and there is no evidence that
shows a correlation with metastasis in the literature.

CONCLUSION

Although CD44 is regarded to be associated with more
prognostic parameters in comparison to CD133, both
immunohistochemical stains were shown to be related to
pathological tumour stage. Thus, these may be guiding for
determining the tumour depth. Moreover, it is predicted
that they may be used as prognostic factors on targeted
gene treatments to increase the effectiveness of treatment
in gastric adenocarcinoma.
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