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summary
Introduction. classical prognostic factors basing on clinico-pathological features are being replaced, due to rapid develop-
ment of molecular biology, by modern molecular factors of potential prognostic value, including antigen cd44 expression as 
a metastizing marker in various types of carcinoma. cd44 is a glycoprotein of 85 kda molecular mass, making a receptor for 
hyaluronic acid and other components of extracellular matrix, found on the surface of lymphocytes, fibroblasts and epithelial 
cells. 
Aim. the aim of the study was evaluation of the prognostic value of cd44 antigen expression level as a metastizing marker 
in resectable gastric cancer and analysis of some correlations between the expression of this antigen and selected histoclinical 
parameters, protein products of cell-cycle regulatory genes and proliferation, angiogenesis and apoptosis markers. 
Material and methods. Immunohistochemical analysis was performed on specimens obtained from radical stomach resections 
in 80 patients treated at the department of surgical oncology, medical university of lodz, in the period 1992-1997 for gastric 
cancer stage I-IIIB (tnm-uIcc). for immunohistochemical examinations, the lsaB system was used, designed for assess-
ment of antigen expression including monoclonal antibody anti-cd44 (dako). similar immunohistochemical procedure was 
used for determination of other examined molecular parameters. to determine aI apoptosis index and show up apoptosis in 
tumour cells, the tunel method was used according to standard procedure. In statistical analysis, fisher’s exact test as well 
as pearson’s test and spearman’s test were applied to evaluate correlations between the analyzed variables. evaluation of their 
influence on post-operative overall survival and disease-free survival was done by the cox regression model. 
Results. In presented study there was a statistically significant difference in the length of overall and recurrence-free survival 
correlating to the protein cd44 expression level in cancer cells – the highest minimum 5 year survival probability occurred 
in the group with the lowest cd44 expression. moreover, there was a positive correlation between cd44 expression and 
malignancy degree, and non-linear correlation with a histological type according to the lauren classification. there was also 
observed a positive correlation between cd44 and ki67, and a negative one between p21 and rB and cd44. 
Conclusions. the above results demonstrate a big value of immunohistochemistry in determination of prognosis in gastric can-
cer using cd44 expression and existence of mutual correlations between cd44 and the selected cell-cycle regulators.

keywords: cd44, immunohistochemistry, gastric cancer, prognostic factors

http://dx.doi.org/10.5604/14270994.1169795


52 New Medicine 
2/2015

Michał Tenderenda et al.

for identification of increased CD44 expression in the 
metastatic tissues sections but also for CD44 presence 
in the systemic fluids which would enable early detec-
tion of carcionoma dissemination risk (1-4).

AIM

The aim of the study was evaluation of the prognostic 
value of CD44 antigen expression level as a metastizing 
marker in resective gastric cancer and analysis of some 
correlations between the expression of this antigen and 
selected histoclinical parameters, protein products of 
cell-cycle regulatory genes and proliferation, angiogen-
esis and apoptosis markers. 

MATeRIAL AND MeTHODS

Immunohistochemical analysis

Following total or subtotal resection with regional 
lymphadenectomy, the resected specimens were fixed in 
10% buffered formalin, then after dehydration in alcohols 
and acetone, put into carboxylin and xylenes and embed-
ded in paraffin blocks. The paraffin sections were then 
used to make routine preparations stained with haema-
toxylin and eosin and determined, in cooperation with the 
Department of Tumor Pathology, for the histologic type of 
tumour according to the Lauren classification, the stage 
of histologic malignancy according to the 3-grade scale 
(G1-G3), and evaluated for local lymph nodes involve-
ment. For the immunohistochemical studies, the LSAB – 
labelled streptavidin-biotin (DAKO) system designed for 
the assessment of antigene expression was used. The 
antibodies used in the analysis were at dilution from 1:20 
to 1:100 (depending on their type) against: CD44 (DAKO), 
cyclin D1 (Santa Cruz, USA), cyclin e, P21, P27, RB, 
CD34 (Novocastra, UK), Ki67, P53 (DAKO, Denmark). Af-
ter washing with a buffer of pH 7.6 and after application of 
chromogen and cell nuclei staining with haematoxylin, the 
immunohistochemical reaction was evaluated under the 
microscope. All preparations were assessed by two inde-
pendent researchers in 10 fields (magnification x 400) in 
the areas displaying the highest degree of reaction (“hot 
spots”). This degree – corresponding to the expression 
of the examined antigens, i.e. CD44, cyclin D1, cyclin e, 
P53, P21, P27, RB, was classified using the semiquantita-
tive method as: negative (-) if staining of the assessed cel-
lular structures was detected in less than 10% of cells in 
microscopic field, as weakly positive (+) with 10-50% of 
immunostained cells and as strongly positive (++) with 
over 50% of immunostained cells. For statistical analysis, 
I defined the above mentioned parameters were defined, 
with the subgroups classified according to the degree 
of reaction as dichotomous variables, whereas the three 
other molecular parameters – proliferation index, apop-
tosis index and tumour vascularization degree, as con-
tinuous variables. Nuclear reaction was observed where 
antibodies were used against cyclin D1, cyclin e, P53, 

INTRODUCTION

Over more than a two decades many research cen-
ters have been conducting studies on the factors that 
may potentially affect prognosis in gastric cancer, the 
prognosis which despite better diagnostic methods 
and improved therapies still remains unfavourable. Of 
great importance is the task of determining prognosis 
on individual basis since the rate of the so-called 5-year 
survivals greatly varies depending on many clinical and 
pathological features (1, 2). Identification of crucial prog-
nostic factors directly entails the choice of best adjuvant 
therapy to increase the chances of survival. Classical 
prognostic factors basing on clinico-pathological fea-
tures are being replaced, due to rapid development of 
molecular biology, by modern molecular factors of po-
tential prognostic value, including antigen CD44 expres-
sion as a metastizing marker in various types of carci-
noma (1-4). CD44 is a glycoprotein of 85 kDa molecular 
mass, making a receptor for hyaluronic acid and other 
components of extracellular matrix, including osteopon-
tine, found on the surface of lymphocytes, fibroblasts 
and epithelial cells (5-7). It participates in inter-cellular 
processes and is considered an important molecule ac-
tive in the formation of neoplastic metastases and in me-
diation of intra-lymphocyte and intra-macrophage infor-
mation (1-4). The cells capable of metastizing exhibit on 
their surfaces a modified CD44 molecule where the part 
protruding over the membrane surface is bigger and 
strongly glycosylized (8). Usually, already at the point 
of making the clinical diagnosis of a tumour there is a 
population of cancer cells present in the bloodstream, 
capable of forming metastatic foci. Complexes of these 
cells circulating in the blood can, together with plate-
lets, settle at various locations in the body, e.g. in the 
bone marrow or lymph nodes. The molecules such as 
CD44 play a significant role in this process, both at an 
early stage of dissemination and in the subsequent im-
plantation at a new localization (9-14). CD44 protein has 
been found to occur in various isoforms which tend to 
possess similar ends but differ in the middle part that 
contains additional aminoacids totaling even up to 361, 
included in the already existing ones – positions 224-
246. Thus enlarged CD44 molecules can change their 
adhesive properties and lose the ability of signal trans-
mission, and these changes in the molecule structure 
have made the production of a new specific antibody 
possible, the antibody which has proved effective in 
preventing metastases in pancreatic cancer in rats (8). 
CD44v5 increased expression was observed in gas-
tric cancer, especially in Goseki type I and III (14). The 
evaluation of expression of particular CD44 variants in 
various carcinomas yields different results depending 
on the technique used (CD44 expression evaluation of 
freezed or paraffin sections) and on the type of antibod-
ies applied (1, 3, 4, 15). The use of modern molecular 
techniques, including PCR, is recommended not only 
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P21, P27, Ki67, RB; membranous reaction was observed 
in CD44 positive cases. An increase in angiogenesis in 
tumour cells was measured with the use of anti-CD34 
monoclonal antibody, determining the mean number of 
blood vessels in 10 consecutive fields x 400. Prolifera-
tion index Ki67 was designated as the mean percentage 
of Ki67 positive cells in 10 consecutive fields (x 400). In 
order to show up apoptosis in tumour cells and to de-
termine apoptosis AI index, the TUNeL (TdT mediated 
dUTP Nick end Labeling) method was used according 
to the recommended procedure (Apoptag-Boehringer- 
-Mannheim). Deparaffinized and dehydrated sections of 
tumour tissue were treated with trypsin for 20 minutes 
at room temperature and washed with 3% H2O2 solution 
for 10 minutes to inhibit endogenous peroxidase. Af-
ter rinsing in phosphate buffer, they were incubated for 
10 minutes at room temperature. Control of immunohis-
tochemical reaction was being prepared simultaneously, 
with the TdT enzyme replaced by distilled water. The 
cells revealing apoptosis were characterized by lower 
cytoplasm content, nuclear condensation and presence 
of the so-called apoptotic bodies. The apoptotic index 
AI was defined as the number of positive reacting cells 
against the total number of assessed cells in 10 consecu-
tive fields (x 400).

Statistical evaluation

Assessment of correlations between prognostic fac-
tors: since the examined variables (risk factors) were 
evaluated on the nominal, ordinal and interval scale, 
various statistical tools were used to determine the cor-

Table 1. CD44 expression and histological type of cancer (Lauren).

Molecular factor
Intestinal type Diffuse type

p
n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

22
21
2

48.9
46.7
4.4

9
18
8

25.7
51.4
22.9

0.019

Table 2. CD44 expression and histological grading.

Molecular factor
G1 G2 G3

p* p**
n % n % n %

CD44
ess than 10% positive cells
10-50% positive cells
more than 50% positive cells

2
0
0

100.0
0.0
0.0

16
13
0

55.2
44.8
0.0

13
26
10

26.5
53.1
20.4

0.010 0.001

*probability according to the variables independence test (p* < 0.05 indicates that the examined characteristics influence 
one another)
**probability in the Mantel-Haenschel linear correlation test (p** < 0.05 indicates that there is a linear correlation between 
the examined characteristics)
This commentary refers to all tabels in the article with symbol p* i p**.

relations. If both the variables were on the ordinal or 
nominal scale, Fisher’s exact test was applied to deter-
mine their correlation and Mantel-Haenschel test to as-
sess their colinearity (Fisher and van Belle, 1993).

Assessment of impact of risk factors on patients’ 
survival: the impact of examined risk factors on over-
all post-operation survival and disease-free survival was 
assessed with the Cox proportional hazards model to 
assess the impact of particular risk factors on survival.

ReSULTS

On the basis of immunohistochemical evaluation and 
statistical analysis, the following results were obtained 
in relation to the correlations between the parameters 
studied: a) statistically significant (non linear) correlation 
was found between CD44 expression and histological 
type of cancer according Lauren type; majority of tu-
mors correlated with average CD44 expression level in 
diffuse type and the percentage of tumors with middle 
and low expression of CD44 was similar in cases with 
intestinal type (p = 0.019) (tab. 1); b) statistically signifi-
cant positive correlation was found between CD44 anti-
gen expression level and tumor grade (p = 0.01) (tab. 2), 
staging (p = 0.043) (tab. 3) and expression of prolifera-
tion marker Ki67 (p = 0.044) (tab. 4); c) there was no 
apparent correlation between CD44 antigen expression 
level and apoptotic index AI (p = 0.68) (tab. 5); d) how-
ever positive correlation was observed between CD44 
expression and the extent of angiogenesis in gastric tu-
mors measured with the expression level of CD34 anti-
gen (p = 0.001) (tab. 6); e) analysis of mutual correlation 
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Table 3. CD44 expression and cancer staging (TNM).

Molecular factor
IA IB II IIIA IIIB

p* p**
n % n % n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

3
4
0

42.9
57.1
0.0

6
4
0

60.0
40.0
0.0

7
5
0

58.3
41.7
0.0

10
11
1

45.5
50.0
4.5

5
15
9

17.2
51.7
31.0

0.043 0.001

Table 4. CD44 expression and Ki-67 expression level.

Molecular factor
Ki-67

p
mean ± standard deviation min ÷ max

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

30.8 ± 25.2
38.3 ± 20.6
52.7 ± 31.6

3.0 ÷ 91.0
4.0 ÷ 76.0
4.0 ÷ 80.0

0.044

Table 5. CD44 expression and apoptotic index AI.

Molecular factor
Apoptotic index

p
mean ± standard deviation min ÷ max

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

6.10 ± 4.98
5.87 ± 3.66
7.20 ± 4.37

1.0 ÷ 20.0
1.0 ÷ 13.0
1.0 ÷ 13.0

0.685

Table 6. CD44 expression and CD34 (marker of angiogenesis) expression.

Molecular factor
CD34

p
mean ± standard deviation min ÷ max

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

33.6 ± 15.3
46.3 ± 20.0
55.3 ± 11.8

10.0 ÷ 64.0
15.0 ÷ 98.0
31.0 ÷ 79.0

0.001

between expression level of CD44 antigen and individual 
examined cell-cycle regulators in gastric cancer revealed 
positive significant correlation between CD44 expres-
sion and expression of P21 protein (p = 0.007) (tab. 7); 
f) on the other hand there was no significant correla-
tion between CD44 expression and P53 protein expres-
sion (p > 0.05) (tab. 8), P27 expression (p = 0.07) (tab. 9) 
and cyclin D1 expression (p = 0.76) (tab. 10); g) moreover 
significant statistical non-linear correlation was observed 
between CD44 expression level and cyclin e expression 
level (p = 0.01) (tab. 11), as well as negative correla-

tion between CD44 expression and RB protein expres-
sion (p = 0.02) (tab. 12); h) finally there was no correlation 
observed between CD44 expression and TGF-alpha ex-
pression in gastric malignant tumors (p = 0.83) (tab. 13). 
Assessing the relation of the CD44 expression level to the 
patients’ overall survival with the Cox regression model, 
it was found that an increase in CD44 expression level 
correlated with a decrease in overall survival period af-
ter primary treatment; the same observation refers to the 
relation of CD44 antigen expression level to the patients’ 
disease free survival (tab. 14). 
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Table 7. CD44 expression and P21 protein expression.

Molecular factor

P21

p* p**
less than 10% 
positive cells

10-50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

11
16
10

29.7
43.2
27.0

14
19
0

42.4
57.6
0.0

6
4
0

60.0
40.0
0.0

0.0075 0.004

Table 8. CD44 expression and P53 protein expression.

Molecular factor

P53

p* p**
less than 10% 
positive cells

10-50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

18
15
3

50.0
41.7
8.3

12
19
3

35.3
55.9
8.8

1
5
4

10.0
50.0
40.0

0.054 0.065

Table 9. CD44 expression and P27 protein expression.

Molecular factor

P27

p* p**
less than 10% 
positive cells

10-50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

6
15
5

23.1
57.7
19.2

21
24
5

42.0
48.0
10.0

4
0
0

100.0
0.0
0.0

0.077 –

Table 10. CD44 expression and cyklin D1 expression.

Molecular factor

Cyclin D1

p* p**
less than 10%  
positive cells

10 – 50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

23
27
9

39.0
45.8
15.3

5
6
1

41.7
50.0
8.3

3
6
0

33.3
66.7
0.0

0.766 –
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Table 14. evaluation of the correlation between CD44 antigen expression level and patients overall survival OS and 
disease-free survival DFS (Cox regression model).

Molecular factor
Regression 
coefficient

Standard error
Probability 
quotient OR

95% 
confidence interval

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

0.880
3.491

0.337
0.509

1.000
2.411

32.830
1.246 4.666
12.11 89.01

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

0.943
3.405

0.337
0.500

1.000
2.567

30.106
1.326 4.969
11.30 80.22

Table 11. CD44 expression and cyclin e expression.

Molecular factor

Cyclin E

p* p**
less than 10% 
positive cells

10-50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

17
22
5

38.6
50.0
11.4

14
13
1

50.0
46.4
3.6

0
4
4

0.0
50.0
50.0

0.0152 0.102

Table 12. CD44 expression and RB protein expression.

Molecular factor

RB expression

p* p**
less than 10% 
positive cells

10-50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

7
8

16

22.6
25.8
51.6

13
13
13

33.3
33.3
33.3

7
3
0

70.0
30.0
0.0

0.0238 0.002

Table 13. CD44 expression and TGF-alpha expression.

Molecular factor

TGF-alpha

p* p**
less than 10% 
positive cells

10-50% 
positive cells

more than 50% 
positive cells

n % n % n %

CD44
less than 10% positive cells
10-50% positive cells
more than 50% positive cells

14
14
4

43.8
43.8
12.5

8
14
4

30.8
53.8
15.4

9
11
2

40.9
50.0
9.1

0.836 –
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compared it with CD44v6 expression in the removed 
tumours; they found that both the sCD44v6 level deter-
mined in the serum and the CD44v6 expression in the 
tumours proved to be prognostic factors in disseminat-
ed type of gastric cancer and that they were correlated 
to the depth of infiltration, metastases to the lymph 
nodes and disease stage in patients with disseminated 
cancer; however in patients with intestinal type of can-
cer the above correlations did not occur (26). Different 
results were obtained by Castella et al. who found that 
CD44v6 expression is associated with metastases to 
the lymph nodes in intestinal type of gastric cancer but 
not in disseminated type (27). Kurozumi et al. evaluat-
ed CD44v6 expression in gastric cancer in 98 patients 
from the angle of presence of metastases to the region-
al lymph nodes and concluded that CD44v6 expres-
sion was an independent prognostic factor of metastat-
ic changes in the lymph nodes – in as many as 88% of 
CD44(+) tumour cases there were metastases to the 
lymph nodes. However, no direct link between between 
CD44v6 expression and overall and recurrence-free 
survival was proved in their study (28). Xin et al., on the 
other hand, demonstrated a lower rate of 3- and 5-year 
survivals in patients with high CD44v6 expression (29). 
To similar conclusions came Yamamichi et al. who 
found, with the PCR method, that in his group of 73 
gastric cancer patients a lower CD44v6 mRNA expres-
sion level correlated with better prognosis and lower 
recurrence rate; he also confirmed the correlation be-
tween increased CD44v6 expression and metastizing 
to the liver and lymph nodes (30). Mueller et al. exam-
ined in their study 418 gastric cancer cases and found 
that CD44v5 expression was correlated to the size of 
tumour, lymph nodes involvement and vessels invasion 
(this correlation was not observed for CD44v6) and that 
CD44v5(+) tumour patients – according to univariate 
analysis – had a significantly shorter survival period in 
comparison to CD44v5(-) group. However, in multivari-
ate analysis the authors do not confirm the prognostic 
value of CD44 expression assessment (31). In this re-
search the authors found a statistically significant dif-
ference in the length of overall and recurrence-free sur-
vival correlating to the protein CD44 expression level 
in cancer cells – the highest minimum 5 year survival 
probability occurred in the group with the lowest CD44 
expression. Moreover, the authors found a positive cor-
relation between CD44 expression and malignancy de-
gree, and non-linear correlation with a histological type 
according to the Lauren classification. We also ob-
served a positive correlation between CD44 and Ki67 
expression level, and a negative one between P21 and 
RB and CD44. Possibly, a greater neoplastic prolifera-
tion is linked with a greater capability of metastizing, 
and an increased expression of suppressor proteins 
P21 and RB may result in reduction of the metastizing 
capability. The above results demonstrate a significant 

DISCUSSION

CD44 has recently become the object of intensive 
studies due to the fact that it can, as a glycoprotein in-
volved in inter-cellular operations, participate in the for-
mation of metastases in malignant carcinomas (1, 3, 4). 
The CD44 molecule is exposed in a modified form by 
the cells capable of metastasis formation (8). Individu-
al CD44 isoforms contain various combinations of v1-
v10 exons, some of which variants are characteristic 
of malignant carcinomas at particular organ localiza-
tions (3, 5, 7, 12, 13). The results of the studies pub-
lished by Stachura et al. show overexpression of partic-
ularly CD44v5 in advanced gastric cancer, especially in 
stages I and III according to Goseki – associated with 
better prognosis (14). Mayer et al., on the other hand, 
did not find CD44 in the gastric mucous membrane, 
but obtained positive reaction with CD44 in about half 
of the gastric cancer cases, where CD44v9 isoform 
expression – correlated with complete CD44 expres-
sion – was associated with the rate of recurrences and 
deaths due to gastric cancer (16). There are only few 
studies done on the direct impact of CD44 expression 
on prognosis in gastric cancer (17, 18). Setala et al. ob-
served no correlation between CD44 expression with 
its isoform CD44v3 and prognosis in gastric cancer 
patients, or between CD44 and investigated histoclini-
cal parameters (19). In contrast to these findings, Yoo 
et al. in their examination of 261 patients after gastric 
resection due to gastric cancer observed a statistically 
significant difference in survival to the advantage of 
patients with CD44(-) tumours as compared to those 
with CD44(+) tumours, while they found no correla-
tion between CD44 and other histoclinical parameters, 
nor could they confirm any prognostic value of nm23 
expression determination (20). Interesting results have 
been obtained by the authors from Krakow – with the 
use of immunohistochemical techniques and flow cy-
tometry they detected presence of CD44 cells(+) in 
the blood of gastric cancer patients correlating with the 
presence of these cells in primary tumour, which may 
prove a valuable diagnostic method of detecting neo-
plastic cells circulating in the blood (21). In our studies, 
performed and published some time ago, we observed 
an increase of CD44 expression along with progression 
of gastric cancer (22, 23). A different line of studies was 
adopted by Shibuya who evaluated mutual proportions 
of two different CD44 variants with the PCR method, 
also in gastric cancer patients, and found that patients 
with a high e/H index (CD44 epithelial variant/CD44 he-
matopoietic variant) had a significantly shorter survival 
than patients with a low e/H index (24). Isozaki et al., 
in their group of 108 advanced gastric cancer cases, 
observed a correlation between CD44 expression and 
occurrence of metastases to the liver (25). Saito et al. 
determined the presence of CD44v6 isoform in serum 
of gastric cancer patients before operation and then 
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prognostic value of CD44 expression evaluation and 
existence of mutual correlations between CD44 and 
the selected cell-cycle regulators.

CONCLUSIONS

Determination of antigen CD44 expression as a 
marker of metastizing may be a valuable prognostic 
parameter in patients with gastric cancer. An increased 
expression level of the antigen signifies smaller chances 
of survival. 

Mutual correlations between CD44 expression level 
and grading as well as histological type indicate an im-
portant role of the antigen in pathogenesis and progres-
sion of gastric cancer. 

The presented here correlations between antigen 
CD44 expression level and other cell-cycle regula-
tory proteins give grounds for the belief that a higher 
neoplastic proliferation activity is linked with a greater 
metastizing capability and a decreasing activity of some 
cell-cycle suppressor proteins in gastric cancer.

Immunohistochemical evaluation of CD44 antigen 
expression level in gastric malignant tumors may be 
useful prognostic factor in this this type of cancer.
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