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Summary

Purpose: The purpose of this study was to examine whether 
microvascular density and the level of proliferation in gastric 
signet ring cell carcinoma (SRCC) are important factors in 
the locoregional control of the disease.

Methods: Over a period of eight years, gastric resection 
specimens from 37 patients were examined. The proliferative 
index (labelled by Ki67) and microvascular density (MVD) 
index (mvdIDX) (labelled by CD105) were determined for each 
case of SRCC.

Results: Gastric SRCC was diagnosed more often in female 
than in male patients (21 females, 16 males ; p≤0.05) . The 
average age of female patients was 63 years, while the male 
patients were 62 years old on average (p=0.702). Immunohis-
tochemical analysis showed that the median numbers of Ki67 

positive cells and CD105 positive blood vessels were higher in 
tumors compared to surrounding non-tumor tissue. Higher 
proliferative index and higher mvdIDX were also estab-
lished relative to tumor stage. Correlation analysis showed 
a high positive correlation between proliferation index and 
microvascular density (MVD) index (mvdIDX) (correlation 
coefficient=0.784). Receiver operating characteristics (ROC) 
analysis showed progression of both indices examined.

Conclusion: Our results showed that, although both prolif-
erative and mvdIDXs are reliable, the former had better per-
formance in identifying of disease progression (AUC=0.970).

Key words: gastric signet ring cell carcinoma, microvascu-
lar density index, proliferative index

Introduction

 Despite the fact that, in the last few decades, 
carcinoma of the stomach has declined in incidence, 
it is still the third commonest cause of death and, 
with 723,000 cases in 2012, represents an alarm-
ing problem worldwide [1]. In central Serbia, in 
the period from 2002 until 2011, a growing trend 
in mortality has been noted in both sexes, with the 
mortality rate being 1.3 times higher in the male 
population [2].
 At a global level, it has been noted that the in-
cidence of SRCC, differing from the other variants, 

is rising constantly, so that it makes up 8-30% of 
gastric malignancies [3,4]. It appeared for the first 
time as a specific histological entity in the 1990 
World Health Organization (WHO) classification 
[5], but from 2010, the revised WHO classification 
classified this tumour as a poorly cohesive carci-
noma in the adenocarcinoma group [6]. Signet ring 
cell adenocarcinoma is defined as a tumor com-
posed primarily (more that 50% of tumor) or exclu-
sively of signet ring cells that are characterized by 
a mucin-rich cytoplasm that pushes the nucelus to 
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the cell periphery (the so called‚ “signet ring” ap-
pearance) [4]. There are several differences in the 
histological pattern of tumor growth and in biolog-
ical behaviour between SRCC and the other types 
of gastric adenocarcinoma. First, a precancerous 
lesion has not been defined. Second, it is composed 
of poorly cohesive cells that diffusely infiltrate the 
gastric wall with a few or no glandular structures. 
Third, it is diagnosed in a younger group of pre-
dominantly female patients. And fourth, unlike the 
other variants of gastric adenocarcinoma, which 
have a tendency to metastasize to the liver, SRCC 
spreads directly to the peritoneum and adjacent 
organs [4,6,7].
 Tumors require angiogenesis to grow beyond a 
certain volume; and angiogenesis is also necessary 
for the growth of metastases. Moreover, angiogen-
esis plays a significant role in unrestrained tumor 
cell proliferation, helps local and distant processes 
of tumor invasion and increases the risk of recur-
rence [8,9]. Tumor angiogenesis is also an impor-
tant prognostic factor, and tumor neoangiogenesis 
is an interesting target for chemotherapy [9,10].
 The purpose of this work was to examine the 
MVD and the level of proliferation in SRCC as two 
important factors in the locoregional control of the 
disease.

Methods

Patients and tissue samples

 This study included 37 patients (16 men, mean age 
61.7 years, range 41-84, and 21women, mean age 63.2 
years, range 32-82) with SRCC who had been operated 
on in the Surgical Clinic of the Clinical Hospital Center 
Zemun (CHCZ) from 2009 to 2017. In the Department 
of Clinical Pathology of the CHCZ, according to stand-
ard protocols, 5-15 tissue samples were taken from the 
tumor, as well as 2-3 tissue samples of the surrounding 
non-tumor gastric tissue, from each operative specimen, 
depending on tumor size. After fixation in 10% neutral 
buffered formalin solution, the tissue samples were pro-
cessed by routine histopathologic methods. The gastric 
SRCC tissue samples constituted the study (test) group, 
while the samples from the surrounding non-tumor tis-
sue were the control group. The study protocol was ap-
proved by the CHCZ Ethics Committee. 

Histopathology 

 Serial sections, 3-5 μm in thickness, were cut from 
the paraffin blocks of all the tissue samples of tumor 
and regional lymph nodes. Routine hematoxylin-eosin 
staining was performed for histopathological analysis of 
the lesions and the following features were recorded: his-
topathological type of tumor, histological tumor grade, 
depth of invasion, invasion of lymph vessels, lymph 
nodes’ histology, angioinvasion, perineural invasion, 
inflammatory response, desmoplasia and necrosis.

Immunohistochemical examination 

 The nuclear antigen Ki67 was used to assess pro-
liferation. For the assessment of angiogenesis CD105 
(Endoglin) was used and, based on its expression, the 
MVD in the tumor and in the peritumoral stroma were 
evaluated.
 Representative tissues 3μm thick were heated at 
55°C to melt the paraffin, deparaffinised in xylene (3-5 
min) and then rehydrated through graded ethanol. An-
tigen retrieval was enhanced by autoclaving slides in 
sodium citrate buffer (pH 6.0) for 30min. Endogenous 
peroxidase activity was blocked by 0.3% hydrogen per-
oxide-methanol buffer for 25 min. To reduce nonspecific 
background staining, the section was incubated with 
10% bovine serum albumin (BSA) for 30 min at room 
temperature. Rabbit monoclonal Ki67 antibody (Abcam, 
Cambridge, UK 1:100) and monoclonal mouse-anti hu-
man CD105 antibody (Dako, Copenhagen, Denmark; 
Clone SNGh, 1:10) were incubated at 4°C overnight. Im-
munostaining was performed using the avidin-biotin-
peroxidase complex (ABC) method (Vectastain ABC-Elite 
kit, Vector Laboratories, Burlingame, CA). Staining was 
visualized with 3,3-diaminobenzidine tetrachloride 
(DAB). The slides were counterstained with Mayer’s 
hematoxylin and mounted in Canada balsam. Negative 
controls were done by replacing the primary antibody 
with phosphate buffered saline (PBS).

Quantification of immunohistochemical staining

 For the purpose of evaluating the expression of 
Ki67, only stained nuclei were taken into account. The 
multipurpose test system M42 by Weibel [11] was used 
for the designation of density of Ki67-positive cells per 
mm2. An objective micrometer (Leica, Biosystems, Nuss-
loch, Germany) 2mm/200 was used to determine the 
measuring area of 0.016 mm2. Ki67 positive cells/mm2 
were counted successively in 10 “hot spots” and the ab-
solute value of the density of positive cells in each “hot 
spot” was determined stereometrically [12]. The arithme-
tic mean of the values of the “hot spots” gave the final 
number of Ki67 positive cells per mm2 for each case. The 
median was subsequently determined and the absolute 
values of the density of positive cells were divided into 
two groups: those with low expression level (value ≤ the 
median value) and those with high level of expression 
(value> the median value). These values represented the 
proliferative activity (proIDX).
 MVD was calculated by counting microvascular 
CD105 positive structures at a total microscopic magni-
fication of 400 x. First, areas with the highest MVD (“hot 
spots”) were selected. Every single cell or field marker 
was counted as a microvascular structure. The multi-
tasking test system M42 according to Weibel [11] was 
also used for the determination of MVD, using an Olym-
pus BH-2 microscope with a field size of 0.016 mm2. 
For the investigation of MVD per mm2, 10 “hotspots” 
were counted successively, and the absolute value of 
positive vascular structure density in each “hotspot” was 
determined stereometrically [11]. The final result was 
from the study of 10 consecutive fields on average. After 
obtaining data regarding the number of microvascular 
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structures for each patient, the median was determined, 
according to which the patients were divided into two 
groups: those with low grade of angiogenesis (MVD in 
tumor ≤ than median value) and those with high grade 
of angiogenesis (MVD> than median value). The mvdIDX 
was obtained from the absolute values of MVD regard-
ing deviation from the median.

Statistics

 Median levels of nuclear proliferation antigen Ki67 
and hematopoietic progenitor cell antigen CD105 were 
compared between the groups of the investigated tissues 
from gastric SRCC and healthy tissues (control group) 
by means of the non-parametric Mann-Whitney U test. 
Other clinicopathological variables between the groups 
of low and high index of nuclear proliferative antigen 
and neoangiogenesis index were compared using Stu-
dent’s t-test for continuous variables. Statistical analysis 
was performed using x2 or Fisher’s exact tests and Mann-
Whitney U test for nominal or ordinal variables. Spear-
man’s rank correlation coefficient was used to analyse 
correlation between variables. Statistical analysis was 
carried out using SSPS 20.0 software. P values less than 
0.05 were considered statistically significant.

Results 

 The tumors were composed of single or groups 
of malignant cells with intracytoplasmic mucin 
and with the nucleus displaced to the cell periph-
ery. At low power, the cells diffusely infiltrated the 
lamina propria, spreading between the glands and 
foveolae. Focally, the malignant cells were local-
ized in small groups in the lamina propria between 
normal and dysplastic or metaplastic glands. The 
tumor cells mostly formed a trabecular or solid 
growth pattern and in isolated cases there was con-
spicuous desmoplasia in the deeper layers of the 
gastric wall.
 The distribution of patients with SRCC showed 
that there were more female patients, about 57%, 
in contrast to 43% of male patients, but this was 
not statistically significant at the accepted level of 
confidence (x2 test, p=0.411; Figure 1).
 The average age of women with gastric carci-
noma was about 63 years (the youngest patient was 
32, the oldest 84), while men were 62 years old on 
average (the youngest 41, the oldest 84). Again, this 
difference was not statisticaly significant (t-test, 
p=0.702; Figure 1).

Immunohistochemical expression of Ki67 and CD105 
in signet ring cell gastric carcinoma

 Absolute values of the densitiy of positive cells 
per mm2 were obtained by immunohistochemical 
examination of expression of the nuclear prolifera-
tive antigen Ki67 and CD105. The basic caracteris-
tics of those values (median, minimal and maximal 

values, deviations), are shown in the boxplot dia-
gram (Figures 2 and 3).
 The median number of Ki 67 positive cells per 
mm2 in the cases of SRCC was significantly higher 
than the median Ki 67 positive cells per mm2 in 
the adjacent non-tumor tissue (2081.8 vs 487.7, 
p<0.001, Mann-Whitney U test; Figure 2).
 The median number of CD105 positive cells 
per mm2 in SRCC was also significantly higher 
than the median number of CD105 positive cells 
per mm2 in the adjacent non-tumor tissue (749.5 
vs 71.4, p<0.001, Mann-Whitney U test; Figure 3).

Relationships between expression of Ki67 and other 
clinicopathological variables

 When the patients with gastric SRCC were 
grouped by the level of expression of Ki67 relative 
to the median, there was no significant difference 
in the distribution of cases regarding age and gen-
der in the group with a high proliferation index 
(proIDX) compared to the group with a low index 
level (Table 1).
 A high proIDX was noted in each case of poorly 
differentiated SRCC. Simultaneously, a low proIDX 
was present in 55.6% of poorly differentiated tu-
mors and 44% of moderately differentiatied tumors, 
which was not statistically significant (p=0.116; Ta-
ble 1).
 High proIDXs were noted in a significantly 
higher number of the pT3 (73.7%) and pT4 (26.3%) 
tumors; moreover, 100% of tumors with a high 
proIDX were pT3 or pT4 (Table 1). A low level of 
proIDX was noted in 38.9% of pT3 and 5.6% of pT4 

Figure 1. Distribution of patients with SRCC of the stom-
ach by gender and age
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Figure 3. CD105 microvascular density in mm2 of the investigated tissues. The median number of CD105 positive cells/
mm2 was significantly higher compared to adjacent non-tumor tissue (Mann-Whitney U test, p<0.001). *median number 
of CD105 positive cells/mm2 in the control group.

Figure 2. Ki67 positive cells per mm2 of the investigated tissues. The median number of Ki67 positive cells/m2 in the 
SRCC cases was significantly higher compared to the adjacent non-tumor tisue (Mann-Whitney U test, p<0.001).
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tumors; 44.5% of the cases with a low proIDX were 
pT3 or pT4, which was not significantly different 
from the proportion of low index tumors that were 
pT1 or pT2 (55.5%, p=0.117). Based on this dis-
tribution of pathologic tumor stages, groups with 
low and high proIDXs were significantly different 
(p<0.001; Table 1).
 A high proIDX was present in 100% of the 
cases with metastases in at least 3, 7 to 15 and in 
over 16 lymph nodes, while a low proIDX was pre-
sent in a significant number of cases (77.8%) with-
out metastasis in the regional lymph nodes. Based 
on this distribution of metastasis in the regional 
lymph nodes, groups with low and high proIDXs 
were significantly different (<0.001; Table 1).
 100% of tumors with a high proIDX showed 
lymph vessel invasion, whilst there was no signifi-
cant difference between the presence or absence of 
lymph vessel invasion in tumors with a low proIDX 
(55.6 vs 44.4%, p=0.116). 
 High proIDX was present in a larger number 
of tumors with blood vessel invasion, but not sig-
nificantly in comparison with the number of tu-
mors without vascular invasion (57.9% to 42.1%, 
p=0.216). A low proIDX was noted in a significant 
number of tumors with no blood vessel invasion 
(77.8%; Table 1).
 A high proIDX was present in 100% of the 
cases of stage III and IV SRCC while a low proIDX 
was present in 100% of stage I-II tumors; this dif-
ference was statistically significant (Table 1).
 The distribution of macroscopic type and tumor 
localization relative to the level of proIDX expres-
sion did not show a significant difference (Table 1), 
but it was noted that a higher proIDX level was pre-
sent more often in the ulceroinfiltrative macroscop-
ic tumor type. It was also noted that a high proIDX 
was present in a larger number of tumors that were 
located in the lower half of the stomach (57.9%). 

Relationships between expression of CD105 and other 
clinicopathological variables 

 No significant difference was noticed between 
the group with high mvdIDX and the group with 
low mvdIDX by distribution of cases according to 
age and gender and relative to MVD index (mv-
dIDX) (Table 2).
 High expression of mvdIDX was present in all 
cases (100%) of poorly differentiated signet ring 
carcinoma. Low mvdIDX was present in 55.6% of 
poorly differentiated tumors and in 44.4% of mod-
erately differentiated tumors, which was not statis-
tically significant (p=0.116). However, mvdIDX was 
significantly associated with lesion grade overall 
(p= 0.020; Table 2).

 High mvdIDX was noted in a significantly 
higher number of pathological stage pT3 (68.4%) 
and pT4 (31.6%) tumors (100% of cases in total). 
A low mvdIDX was present in 44.4% of pT3 stage 
tumors, which did not differ significantly relative 
to 55.6% of the remaining pT1 and pT2 stages in 
this group (p= 0.116; Table 2).
 High mvdIDX was present in 89.5% of the cas-
es of signet ring carcinoma with metastasis in at 
least 3, 7 to 15 and over 16 lymph nodes. Low mv-
dIDX was present in a significant number of cases 
(66.7%) in signet ring carcinomas with no regional 
lymph node metastasis. Based on this distribu-
tion of regional lymph node metastasis, groups 
with low and high mvdIDX differed significantly 
(<0.001; Table 2). 94.7% of tumors with a high 
mvdIDX showed lymphovascular invasion while 
lymphovascular invasion was present or absent 
equally (50% each) in cases with a low mvdIDX
(Table 2).
 Blood vessel invasion was present in a greater 
number of tumours with a high mvdIDX but not 
significantly relative to tumors without vascular 
invasion (63.2 vs 36.8%, p=0.251), while no blood 
vessel invasion was found in a significant number 
of tumors with a low mvdIDX (83.3%)(Table 2).
 Expression of high mvdIDX in stage III-IV 
tumors was significantly higher (89.5%) than in 
stages I-II, while the expression of low mvdIDX 
in stages I-II was significantly higher compared 
with stages III-IV (Table 2). The distributions of 
macroscopic type and localization of tumor relative 
to the level of expression of mvdIDX did not show 
a significant difference (Table 2), but it is notice-
able that a higher mvdIDX was more often present 
in tumors located in the lower half of the stomach 
(18/27;66.7%).
 As in the previous analysis of the proliferative 
index, it can be concluded that the presence of dis-
tant metastasis was a remarkably rare occurrence 
(3 cases), and for this reason it was not subjected 
to a special analysis. It can be concluded that, in 
each of these cases, there were high values of both 
indexes.

Correlation analyses of Ki67 and CD105 expression

 The similarity of the results and the estab-
lished significance of other variables in the previ-
ous analysis between proIDX and mvdIDX initiated 
the need to examine the mutual relation between 
these two indexes. As can be seen in Table 3, the 
use of Spearman`s rank correlation showed that, in 
gastric SRCC there was a highly positive correla-
tion between proIDX and mvdIDX that was highly 
significant (correlation coefficient=0.784, p<0.001).
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Variables Ki67 -Low
n=18 (48.6%)

n (%)

Ki67- High
n=19 (51.4%)

n (%)

p value

Gender 0.603**

Male 7 (38.9) 9(47.4)

Female 11 (61.1) 10 (52.6)

Age (years), mean±SD

Male 64.0±12.7 59.9±10.5 0.489*

Female 63.0±10.8 63.5±15.1 0.931*

Macroscopic tumor types 0.634***

Ulcerated 7 (38.9) 3 (15.8)

Ulcero-infiltrative 4 (22.2) 9 (47.4)

Vegetating-infiltrative 4 (22.2) 6 (31.6)

Infiltrated 3 (16.7) 1 (5.3)

Histological grade 0.001***

Well differentiated - -

Moderately differentiated 8 (44.4) 0 (0.0)

Poorly differentiated 10 (55.6) 19 (100.0)

Localization 0.886**

Upper half of the stomach 8 (44.4) 8 (42.1)

Lower half of the stomach 10 (55.6) 11 (57.9)

Pathological tumor stage <0.001***

T1 4 (22.2) 0 (0.0)

T1b 3 (16.7) 0 (0.0)

T2 3 (16.7) 0 (0.0)

T3 7 (38.9) 14 (73.7)

T4 1 (5.6) 5 (26.3)

Metastasis (how many regional lymph nodes show signs of cancer) <0.001***

Not spread to the regional lymph nodes 14 (77.8) 0 (0.0)

1 to 2 regional lymph nodes 4 (22.2) 0 (0.0)

3 to 6 regional lymph nodes 0 (0.0) 4 (21.1)

7 to 15 regional lymph nodes 0 (0.0) 8 (42.1)

16 or more regional lymph nodes 0 (0.0) 7 (36.8)

Lymphatic invasion <0.001**

Not present 10 (55.6) 0 (0.0)

Present 8 (44.4) 19 (100.0)

Venous invasion 0.045**

Not present 14 (77.8) 8 (42.1)

Present 4 (22.2) 11 (57.9)

Distant metastasis 0.230**

Not present 18 (100.0) 16 (84.2)

Present 0 (0.0) 3 (15.8)

Tumor stage grouping <0.001***

IA 6 (33.3) 0 (0.0)

IB 5 (27.8) 0 (0.0)

IIA 5 (27.8) 0 (0.0)

IIB 2 (11.1) 0 (0.0)

IIIA 0 (0.0) 5 (26.3)

IIIB 0 (0.0) 11 (57.9)

IV 0 (0.0) 3 (15.8)
*Student’s t-test, **x2 test (Fisher’s Exact test), ***Mann-Whitney U test. Low levels of Ki67 expression (values ≤ the median value). 
High levels of Ki67 expression (values > the median value).

Table 1. Relationships between levels of expression Ki67 (Low/High) and other clinicopathological variables
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Variables CD105- Low
n=18 (48.6%)

n (%)

CD105- High
n=19 (51.4%)

n (%)

p value

Gender 0.603**

Male 7 (38.9) 9 (47.4)

Female 11 (61.1) 10 (52.6)

Age (years), mean±SD

Male 61.0±9.1 62.2±13.2 0.838*

Female 60.9±9.5 65.8±15.6 0.391*

Macroscopic tumor types 0.118***

Ulcerated 7 (38.9) 3 (15.8)

Ulcero-infiltrative 6 (33.3) 7 (36.8)

Vegetating-infiltrative 4 (22.2) 6 (31.6)

Infiltrated 1 (5.6) 3 (15.8)

Histological grade 0.020***

Well differentiated - -

Moderately differentiated 8 (44.4) 0 (0.0)

Poorly differentiated 10 (55.6) 19 (100.0)

Localization 0.419**

Upper half of the stomach 9 (50.0) 1 (5.3)

Lower half of the stomach 9 (50.0) 18 (94.7)

Pathological tumor stage <0.001***

T1 4 (22.2) 0 (0.0)

T1b 3 (16.7) 0 (0.0)

T2 3 (16.7) 0 (0.0)

T3 8 (44.4) 13 (68.4)

T4 0 (0.0) 6 (31.6)

Metastasis (how many regional lymph nodes show signs of cancer) <0.001***

Not spread to the regional lymph nodes 12 (66.7) 2 (10.5)

1 to 2 regional lymph nodes 4 (22.2) 0 (0.0)

3 to 6 regional lymph nodes 2 (11.1) 2 (10.5)

7 to 15 regional lymph nodes 0 (0.0) 8 (42.1)

16 or more regional lymph nodes 0 (0.0) 7 (36.8)

Lymphatic invasion 0.003**

Not present 9 (50.0) 1 (5.3)

Present 9 (50.0) 18 (94.7)

Venous invasion 0.007**

Not present 15 (83.3) 7 (36.8)

Present 3 (16.7) 12 (63.2)

Distant metastasis 0.230**

Not present 18 (100.0) 16 (84.2)

Present 0 (0.0) 3 (15.8)

Tumor stage grouping <0.001***

IA 6 (33.3) 0 (0.0)

IB 5 (27.8) 0 (0.0)

IIA 4 (22.2) 1 (5.3)

IIB 1 (5.6) 1 (5.3)

IIIA 2 (11.1) 3 (15.8)

IIIB 0 (0.0) 11 (57.9)

IV 0 (0.0) 3 (15.8)
*Student’s t-test, **x2 test, Fisher’s Exact test, ***Mann-Whitney U test. Low levels of CD105 expression (values ≤ the median value). 
High levels of CD105 expression (values> the median value).

Table 2. Relationships between levels of expression CD105 (Low/High) and other clinicopathological variables
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Correlation analysis of the examined variables

 With the aim of establishing the degree and 
trend of the mutual association of other variables 
that were the objectives of observation in this study, 
the results of correlation analysis are shown in Ta-
ble 3. Both indices (proIDX and mvdIDX) showed 
a significant, moderate positive correlation with 
histological tumor grade. The proliferative index 
showed a very highly significant positive correla-
tion with lymph node metastasis (cc=0.924). Fur-
thermore, a highly significant positive correlation 
existed between proIDX and the stage of disease 
(cc=0.911). A slightly weaker, but still significant 
positive correlation (cc=0.593) existed between 
proIDX and the pathological tumor stage (pT).
 A good significant positive correlation also ex-
isted between proIDX and angioinvasion (cc=0.363). 
ProIDX correlated with a highly significant positive 
coefficient with lymph vessel invasion (cc=0.625). 
The neoangiogenesis index was linked to lymph 
node metastasis with a highly significant positive 
coefficient of correlation (cc=0.788). Between mv-
dIDX and the tumor stage there was also a high 
positive correlation (cc=0.832). The pathological T 

stage of disease and mvdIDX showed a high level of 
dependence that was defined by the correlation co-
efficient of 0.669. With a highly significant positive 
correlation coefficient the mvdIDX was associated 
with angioinvasion (cc=0.483) and lymph vessel 
invasion (cc=0.503).
 As the previous analysis implied, there was no 
significant difference between low and high values 
of proIDX and mvdIDX according to the distribu-
tion of macroscopic type and tumor localization. 
In the correlation analysis this fact was confirmed 
by the absence of significant correlation of those 
parameters according to both indices. The absence 
of correlation of demographic variables – gender 
and age of patients - with expression of proIDX and 
mvdIDX was determined by absence of significant 
correlation (Table 3).

Receiver operating characteristics (ROC) analysis

 ROC curve analysis was used to determine cut 
off values of nuclear proliferative index (Ki67) and 
marker of angiogenesis (CD105), above which pro-
gression and metastatic potential of SRCC can be 
determined with high confidence (Figure 4).

Variables Spearman’s ρ

Ki67 CD105

Correlation coefficient p value Correlation coefficient p value

Ki67 1.000  0.784** <0.001

CD105 0.784 <0.001 1.000  

Gender -0.086 0.615 -0.086 0.615

Age -0.068 0.690 0.134 0.429

Macroscopic tumor type 0.050 0.768 0.275 0.100

Histological grade 0.540 0.001 0.540 0.001

Localization 0.024 0.890 0.133 0.433

Pathological stage 0.593 0.148 0.669 <0.001

Lymph node metastasis 0.924 <0.001 0.788 <0.001

Lymphatic invasion 0.625 <0.001 0.503 <0.001

Venous invasion 0.363 0.027 0.483 0.003

Distant metastasis 0.289 0.083 0.289 0.083

Tumor stage grouping 0.911 <0.001 0.832 <0.001

Table 3. Correlation analysis - the sign and strength of the association between Ki67 (Low/High), CD105 (Low/High) 
and other clinicopathological variables

Test result variables Cut off AUC Std. Error Asymptotic Sig. Asymptotic 95% Confidence Interval

Lower bound Upper bound

Ki67 2159.17* 0.970 0.021 <0.001 0.929 1.012

CD105 761.36* 0.936 0.030 <0.001 0.877 0.996
*positive cells per mm2, AUC: area under the curve

Table 4. Cut-off and AUC values
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 A highly significant value of the area under the 
curve (AUC) showed that the obtained cut off values 
were, with high sensitivity and specificity, reliable 
diagnostic markers of gastric SRCC (Table 4).

Discussion 

 The most important biological mechanism of 
carcinogenesis is cell proliferation. The prognostic 
importance of the proliferative activity has been 
discovered in many tumors [12-14], but the reports 
about the prognostic importance of proliferation in 
gastric carcinoma are rather inconsistent [16-18]. 
In this study, we used the Ki67 antibody, which 
reacts exclusively with nuclear structures present 
in proliferating cells, for the examination of prolif-
erative activity in SRCC. The Ki67 antigen can be 
visualized in the nuclei of cells during middle-late 
G1, S, G2 and M phases of the cell cycle. It cannot 
be detected in G0 phase when the cell is in quies-
cence [19].
 Two decades ago, MacCallum and Hall noted 
that Ki67 plays a crucial role in the stabilization 
of nuclear chromatin, because it is bound to the 
thick fibrillar material of the nucleolus. The same 

authors showed the structural role of Ki67 in the 
nucleolus and emphasized its ability to bind to 
RNA and DNA and that it represents an essential 
factor in the process of ribosome synthesis during 
cell division [20,21].
 The expression of Ki67 protein is strictly 
controlled; it goes through phosphorylation and 
dephosphorylation during mitosis. Its quantity is 
regulated by proteolytic pathways, probably by in-
cluding a complex of proteases, which results in its 
short half-life of 60-90 min [22]. It is clear that this 
protein is of great importance for cell proliferation, 
since its suppression by antisense oligonucleotides 
stops proliferation [23,24].
 Examining the expression of nuclear prolifera-
tive antigen Ki67, the absolute values of density of 
positive cells per unit area were established and, 
from the absolute values, the index of prolifera-
tion was calculated by deviation from the median. 
As expected, a statistically significant difference in 
the expression of this antigen (proliferation index) 
between tumor and surrounding tissue was noted.
 In our study we verified the expression of Ki67 
in all cases of SRCC, whereby a high index of Ki67 
expression was found in 51.4% of the cases, which 

Figure 4. Receiver operating characteristic curves which identified cut off values for Ki67 and CD105 in early vs. late 
stage of carcinogenesis and progression and metastatic potential of SRCC, determined with high confidence.
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is in accordance with the work of Lazar et al. [18]. 
 A high index of expression of Ki67 was veri-
fied in all poorly differentiated tumors, while a low 
proIDX was present in 55.6% of poorly differenti-
ated and 44.4% of moderately differentiated SRCCs, 
which indicates that a high proliferation index is a 
significant occurrence in poorly differentiated gas-
tric SRCCs. A high proIDX was also significantly as-
sociated with pT3 (73.7%) and pT4 (26.3%) stages, 
being present in 100% of the cases in these stages.
 A significant presence of high proIDX was 
noted in SRCC with metastasis in at least 3 lymph 
nodes, as well as in tumors with lymph vessel inva-
sion and in stage II and IV SRCCs.
 In tumors with vascular invasion a high proIDX 
was noted in the majority of cases but not to a sig-
nificantly greater extent than in tumors without 
vascular invasion.
 It is noted that a high proIDX was found more 
often in the ulcero-infitrative macroscopic type of 
tumor and in tumors located in the lower part of 
the stomach, but in both cases without statistical 
significance.
 Immunohistochemical examination of Ki67 ex-
pression has proven to be useful in many patholog-
ic conditions, first of all in tumors. It can be used 
for assessment of proliferative activity of tumors, 
but also for differentiating benign from malignant 
tumors. Namely, the mitotic activity is usually ab-
sent in benign tumors or it is very low, while it is 
high in malignant tumors and correlates with the 
level of tumor progression [13-15,25].
 In 1971, Folkman stated that the growth and 
metastasis of malignant tumors depend on the 
formation of new blood vessels. Namely, once the 
tumor has grown, any further increase in tumor 
size must be preceded by an increase in the num-
ber of new blood vessels that converge toward the 
tumor and supply oxygen and nutrients to the tu-
mor and drain away catabolites. At the same time, 
the endothelial cells produce growth factors with 
paracrine effects on tumor cells [26]. Induction of 
angiogenesis happens when an imbalance between 
pro and antiangiogenic factors occurs. A disorder 
in this balance can be provoked by hypoxia or ge-
netic alteration that activates oncogenesis and/or 
inactivates tumor-suppressor genes [27]. 
 Several antibodies are used for the assess-
ment of angiogenesis, such as CD31, CD34, von 
Willebrand factor, CD105 and others [28,29]. In 
this study, we used CD105 (Endoglin), first of all 
because it has been shown that CD105 antibodies 
react with newly formed endothelial cells that take 
part in angiogenesis and that it reacts with only 
20% of preformed non-neoplastic blood vessels. It 
is also noted that CD105 does not react with inflam-

matory and stromal cells which lower the number 
of false positive results [28,30].
 In our study, endoglin expression was present 
in tumor and peritumoral vessels of SRCC. High 
expression was present in 51.4% of the tumors. A 
high mvdIDX was noted in all poorly differentiated 
tumors, which is a significant fact for SRCCs.
 High mvdIDX was present in a significantly 
greater number of pT3 stage (68.4%) and pT4 
(31.6%) tumors, in 89.5% of SRCCs with metasta-
sis in at least 3 or more lymph nodes, in 94.7% 
of tumors with lymph vessel invasion and 89.5% 
of stage III and IV tumors. It was also noted that 
a high mvdIDX was more often present in SRCCs 
with vascular invasion and in tumors located in the 
lower part of the stomach, but with no statistical 
significance relative to a low mvdIDX.
 Comparative analysis of parameters from our 
study points to important mutual relationships be-
tween the analyzed variables. Correlation analysis 
has shown the true measure of their relationships, 
as demonstrated by the significance of the correla-
tion coefficients. Both indices (of proliferation and 
microvascular density) showed a significant moder-
ate positive correlation with the histological grade 
of SRCCs. 
 Similarly, the proIDX showed a highly sig-
nificant positive correlation with lymph node me-
tastasis, lymph vessel invasion and tumor stage. 
There was a slightly weaker positive correlation 
between the proIDX and pathologic tumor stage, as 
well as between the proIDX and vascular invasion. 
In this study, a relationship between proIDX and 
macroscopic type and localization of SRCC was not 
established.
 mvdIDX was linked to metastasis in lymph 
nodes, with lymph vessel invasion, with vascular 
invasion and with tumor stage, with a highly sig-
nificant positive correlation coefficient.
 Regarding the value of the correlation coeffi-
cient, the proIDX showed a slightly greater strength 
of positive association relative to the metastatic 
potential of the tumor, presented by the number of 
involved lymph nodes, appearance of lymph vessel 
invasion and stage of tumor, compared with the 
angiogenesis index. However, in the case of angio-
genesis index, the correlation with the mentioned 
variables was also high and significant.
 In the correlation analysis there was no sig-
nificant correlation of mvdIDX with macroscopic 
tumor type and localization of SRCC. Also, no link 
between the demographic variables – gender and 
age – and the expression of proIDX and mvdIDX 
was noted. There was, however, a high positive cor-
relation between proIDX and mvdIDX, which was 
highly significant.
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 The use of ROC curve analysis in the deter-
mination of cut off values for proliferative anti-
gen (Ki67) and marker of angiogenesis (CD105) 
was aimed to verify these markers as a standard 
test with sufficient accuracy for the assessment of 
progression of gastric SRCC. The cut off or cut off 
point is the value of a test above which a case can 
be considered positive; in the case of gastric SRCC, 
this aimed to determine whether a case is likely to 
be at advanced stage, including metastasis.
 The diagnostic performance of ROC analysis 
revealed its ability to identify patients who are 
really in advanced stage of disease (sensitivity), 
as well as its ability to exclude the presence of 
progression of carcinoma with metastasis where, 
in fact, it does not exist (specificity). The AUC of 
the ROC curve can be used as a measure of diag-
nostic accuracy (efficacy), taking into account all 
the characteristics of ROC analysis. Comparing the 
AUC for markers of proliferation and angiogenesis 
analyzed in this study, it can be concluded that the 
proIDX, as a marker of identification of progression 
in gastric SRCC, showed better performance than 
angiogenesis (AUC=0.970 vs. 0.936). It should be 
emphasized that both indices are highly signifi-

cant and reliable as markers of disease progression 
(p<0.001 and AUC close to 1). However, the proIDX 
showed relatively better performance (lower num-
ber of false positive and false negative results).

Conclusion

 Although both the proIDX, verified by Ki67 
immunostaining, and the mvdIDX are reliable as 
markers of progression of gastric SRCC, the former 
showed better performance, with higher sensitivity 
and specificity.
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