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ABSTRACT 

Background: the difference in expression of type IV collagen 

in borderline tumors and ovarian carcinomas has been 

studied, but the association with adhesion molecules like 

CD44 have not gain enough  interest.  

Objectives: The purpose of this study is to assess the 

expression of CD44v6 and type IV collagen status in 

borderline tumors and invasive ovarian carcinomas and the 

correlation between them to define the role of these 

molecules in tumor invasion and metastasis.  

Type of the study: A cross sectional study 

Methods: The study included a total of (101) formalin-fixed 

paraffin-embedded ovarian tissue blocks; of which (19) 

cases were borderline tumors and (82) cases were overt 

ovarian carcinomas. Sections from each block were 

immunohistochemically stained for CD44v6 and type IV 

collagen. 

Results: CD44v6 was significantly correlated with FIGO 

stage of borderline tumors (p=0.001) and ovarian carcinoma 

(<0.001) and with histological grade of ovarian carcinomas 

(p=0.004). There was significantly higher expression of type 

IV collagen in borderline tumors compared to invasive 

carcinoma(p<0.001) this significance was also seen in 

correlation to age, stage and grade of the invasive 

carcinoma, no significant differences in other 

clinicopathological features were found. There was negative 

correlation between CD44 v6 & type IV collagen which was 

statistically significance (P<0.05) in carcinoma but not in 

borderline tumors.   

Conclusions: Our data suggest that observed inverse 

correlation of type IV collagen expression with CD44v6 

positivity in surface epithelial tumors indicates that these 

molecules may cooperate in the invasion and progression of 

ovarian carcinomas.  

Keywords: borderline tumor, ovarian carcinoma, CD44v6, 

type IV collagen. 
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lthough one of the most important roles of the 

pathologist is to distinguish borderline tumors 

from invasive ovarian carcinomas, this distinction 

is one of the most common problems in ovarian tumor 

pathology as these tumors have many controversial 

aspects, such as the histologic criteria for their 

diagnosis, their biologic behavior, their molecular and 

biologic relationship to frankly invasive tumors, and their 

clinical management
 (1)

. Ovarian carcinoma carry poor 

prognosis, one reason for that they exhibits extensive 

local invasion or frequent regional lymph node 

metastasis, even at the time of initial diagnosis. The 

main postulated route of metastatic dissemination of 

epithelial ovarian cancer is by exfoliation of tumor cells 

from primary tumors, which migrate and invade 

surrounding tissues of the peritoneal cavity 
(2)

.  

The mechanisms involved in metastatic process of 

ovarian cancer are still incomprehensible, although it is 

known that several different combinations of genetic 

abnormalities are responsible for the loss of cell 

proliferation control, apoptosis, and cell differentiation in 

invasive ovarian carcinomas 
(3)

. 

CD44 is a cell-surface adhesion molecule, which is 

important in cell–cell and cell–matrix adhesion. It was 

speculated that the overexpression of specific CD44 

splice variants v5, v6 could increase the metastatic 

potential of a tumor by facilitating the expansion of 

malignant cells into the draining lymph nodes 
(4)

. In 

ovarian carcinoma, the prognostic value of CD44s as 

well as CD44v6 is still controversial 
(2,5)

. 

Basement membrane (BM) is a specialized structure of 

the extracellular matrix 
(6) 

and is thought to be a physical 

barrier for preventing invasion and metastasis of 

epithelial tumor
 (7)

. It is known that proteolytic enzymes 

may facilitate the breakdown of type IV collagen, which 

is a major component of basement membranes, and its 

degradation is an essential event in tumor cell invasion 
(8).
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The aim of this study is to assess the expression of 

CD44v6 in relation to type IV collagen in ovarian 

borderline and malignant surface epithelial tumors to 

identify any role in invasion and metastasis of ovarian 

carcinoma and correlation of these markers with 

clinicopathological parameters. 

Methods: This cross sectional study was approved by 

Institute Review Board of College of Medicine/Al-

Nahrain University. During the period from March/2014 

to February/2015, a total of one hundred and one  

formalin fixed paraffin embedded ovarian tissue of which 

(60) cases were of serous carcinoma, (10) cases were 

of endometrioid carcinoma, (8) cases were of mucinous 

carcinoma, (2) were of clear cell carcinoma and (2) 

cases were malignant Brenner, with 19 cases of 

borderline tumor divided as follow (14) cases with 

serous differentiation and (5) cases of mucinous type 

were retrieved from the archival materials of Teaching 

Laboratories and in Medical City and Al-Yarmok hospital  

as well as AL-Imamen AL-Kadhimain Medical City for 

the period from January 2011 to December 2014. All the 

clinicopathological parameters such as age; FIGO 

pathological stage, histopathological type of ovarian 

carcinoma and borderline tumors as well as grade of 

carcinomas were obtained from patients’ admission 

case sheets and pathology reports. Any sample lacking 

the clinicopathological information was excluded from 

this study. For each case, one representative (4 

micrometer) section was stained with Hematoxylin and 

Eosin and the histopathological diagnosis was revised, 

while two (4 micrometer) sections were placed on 

positively charged slides and stained 

immunohistochemically using three steps- indirect 

streptavidin method for monoclonal mouse antibodies 

including anti CD44v6 antibody,  clone (VFF-7)  and 

monoclonal Mouse Anti-Collagen IV antibody, both 

manufactured by Abcam. 

Interpretation of the results of immunohistochemical 

staining  

1. CD44v6 : Brown membranous & / or cytoplasmic 

staining pattern of epithelial cells even if staining was 

focal in tumor cell.  

Positive control is tonsil. Technical negative control was 

obtained by omission of primary antibody. 

2. Collagen type IV: Brown staining confined to the 

basement membrane between  surface epithelial cells and 

stroma is consider positive. Positive control is the human 

kidney. Technical negative control was obtained by 

omission of primary antibody. 

The results of immunohistochemical expression of the 

above molecular markers were analyzed in a semi-

quantitative fashion as follow: 

CD 44v6: Was scored semiquantitatively by assessing 

both staining intensity and percentage of stained cells as 

follow : 

Absent (= 0) 

Weak/moderate (= 1) 

Intense (= 2).  

The percentage of stained cells (staining ratio) in relation 

to the total number cells was estimated as follows:  

0 = no staining;  

1 = staining of 1–20% of cells. 

2 = staining of 21–50% of cells. 

3 =staining of 51–100% of cells with final staining index 

range from 2-5
(9)

.  

Type IV collagen: Presence and extent of staining for type 

IV collagen were semiquantatively scored as:  

(+++) preserved continuous linear staining 51–100% of 

basement membrane underlie the neoplastic cells. 

 (++) moderately reduced linear staining in 21–50% of 

basement membrane underlie the neoplastic cells. 

 (+) highly reduced, predominantly discontinuous linear 

staining in 1–20% of basement membrane underlie the 

neoplastic cells. 

(˗˗) no type IV collagen expression
(10)

.  

Statistical Analysis  Statistical analysis was performed 

with SPSS V. 16 (statistical package for social sciences) 

and also Excel 2007 programs. Continuous variables 

were expressed as mean±SEM (standard error of the 

mean), while categorical variables were expressed as 

numbers and percentages. Statistical relations between 

two categorical variables were tested using Chi-square 

or Fisher exact tests. Relations between categorical and 

continuous variables were tested using unpaired t-test 

and ANOVA. Values were considered statistically 

significant when p-value ˂ 0.05.  

Results: The clinicopathological parameters of ovarian 

borderline tumors and carcinoma cases included in the 

present study are summarized in (table1) and (figure 1). 

CD44v6 immunohistochemical expression Expression of 

CD44v6 was statistically correlated with histological 

grade (p=0.004) (table2) and FIGO stage of ovarian 

carcinoma (p< 0.001) (table 4) and borderline tumors 

(p=0.001) (table 2), CD44v6 expression was recognized 

in 47 (57.3%) out of 82 ovarian carcinoma cases ( figure 

2 and 3)  compared to 5 (26.3%) cases of borderline 

tumors however this data failed to achieve statistical 

significance (p> 0.05) this insignificant association of 

CD44v6 was noticed with other clinicopathologic 

parameters as shown in (table 2 ). 

Type IV collagen immunohistochemical expression 

Type IV collagen was detected immunohistochemically 

in all the 19 (100%) cases of borderline tumors while it 

was expressed in only 16 (19.5%) of those with 

carcinoma (Figure 5), which is highly significant 

statistically (P˂0.001), (Table 3). The majority of 

advanced ovarian carcinomas was negative for type IV 

collagen staining as there were inverse association 

between type IV collagen expression with higher grade  

(P=0.004) (table 3) and higher stage (p = 0.002) ( Table 

4), however no significance association of type IV 

collagen with stage in borderline tumor (p> 0.05) (Table 

5). The current study found no significant association 

between IHC expression of type IV collagen and 
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histological types neither in overt carcinoma  nor in 

borderline tumors  (p> 0.05) (Tables 3and 5). There was 

negative correlation between CD44 v6 & type IV 

collagen which was statistically significance (P=0.019), 

in ovarian carcinoma, however this negative correlation 

failed to achieve statistical significane in borderline 

tumors(Table 6).    

Discussion: Adhesive peculiarities of normal and 

malignant cells are related to cadherin –catenin complex 

and CD44 molecule 
(11)

.  Cellular adhesion (aggregation 

and migration) and hyaluronate degradation are among 

several known functions of CD44 
(12)

. Variants of CD44 

have been proposed to be important in cancer invasion 

and metastasis and according to Zhonghua et al 
(13) 

the 

expression of CD44v6 is closely related to carcinoma 

metastasis and appears to be more suitable as a 

metastatic marker.
 
 

The current study showed  significant association 

between FIGO stages of ovarian  carcinoma and 

CD44v6 immune expression, the expression were 

increased with higher stage of ovarian carcinoma  (p 

<0.001) .These findings were in agreements with Shi et 

al (p<0.05)
 (14)

, Zhou et al (p<0.05)
 (15)

 and Zhu Gai Bian 

(P <0.05)
 (16)

. 

The current study also demonstrate increase in CD44v6 

expression with loss of differention of malignant cells of 

in ovarian carcinoma (p =0.004) this tendency for 

increase CD44v6 expression along with increase grade 

of ovarian tumor had been demonstrated by several 

previous studies like Bar et al. (P = 0.01)
 (10)

, Shi et a 

(p<0.05)
 (14)

, Zhou et al (p <0.05)
 (15) 

and Ryabtseva et al 

(p<0.05)
 (17)

.The positive correlation between histological 

grade, FIGO stage and expression of CD44v6 may 

indicate that this marker play an important role 

predicting the prognosis of patient with non-benign 

surface epithelial tumors. Regarding the expression of 

CD44v6 in relation to histological types of ovarian 

tumors, this study showed no statistically meaningful 

correlation neither among different types of invasive 

ovarian carcinoma, nor between the 2 subtypes of 

borderline tumors with( P>0.05) this were in agreement 

with Shi et al
(14)

 and Zhou et al
(15)

. Comparing CD44v6 

expression in carcinoma versus borderline groups, the 

expression was higher among invasive carcinoma group 

(57.3%) than borderline tumor (26.3%), however this 

difference didn't achieve statistical significance ( P = 

0.228),   these results were in concordance with 

Zagorianakou et al
(18)

(50 %vs. 42.9 %) 
 
and Hong et 

al.
(19)

 (40% vs. 27%). On contrary Zhu Gai Bian 
(16)   

prove a significant difference among the two groups  

with  (P <0.001), this may attributed to larger sample of 

borderline tumors ( 32 cases ) compared to (19 cases) in 

the current study,(15 and 14 cases) in Hong et al 
(19)

 and 

Zagorianakou et al
(18) 

 respectively. 

Collagens and laminin are major components of 

basement membrane involved in cell-matrix interaction 

and tumor progression
(20)

. Breakdown of basement 

membrane with loss of collagen IV is believed to be an 

essential step for tumor invasion and metastasis and it is 

believed to be a result of increased degradation by type 

IV collagenases
 (21)

. A hallmark of carcinomas of the 

ovary and other epithelial cells is loss of a continuous 

basement membrane as many studies conclude 
(22,23)

, 

The current study was in tune with these findings as we 

found no continuous linear expression of type IV 

collagen in any of 82 carcinoma cases. On the other 

hand we found that 13(68.4%) out of 19 case with 

borderline ovarian tumors express the marker in linear 

continuous manner, this difference in expression 

between borderline and invasive carcinoma yield a 

highly significant association  (P < 0.001),  however, the 

current study showed that 16(19.5%) cases with ovarian 

carcinoma expressed type IV collagen in moderate or 

severe reduced manner, this positive expression of type 

IV collagen in invasive carcinoma cases was found by 

other authors, Capo-Chichi et al
(24)

 reported that of 50 

primary ovarian tumors, 6% were positive for the type IV 

collagen while  Määttä et al
(25)

 shows that ovarian 

carcinomas express significant amounts of BM proteins 

around tumor islands. these results suggest that the 

ability to express and deposit BM proteins in general is 

not lost during malignant transformation. Conversely a 

proportion of borderline tumors included in the current 

study showed incomplete expression of type IV collagen 

a finding that were noticed also in Nictolis et al 
(26)

 and 

Visser et al studies
(27)

.  

This focal defects in expression of type IV collagen in 

borderline tumors may indicate early invasive growth, or 

it could be technical problems related to recovery of 

masked antigens during the formalin fixation process. 

Thus, we should emphasize that basement membrane 

immunostaining should always be evaluated in 

association with conventional morphology.  

According to Stenbäck and his colleague
(28)

, Kuwashima 

et al
(29)

 and Mikami et al
(30)

, the absence of collagen IV 

and laminin basement membrane associates with 

dedifferentiation of tumor cells. 

The current study showed that there was a general 

tendency for the grade I tumors to contain more BM 

immunoreactivity than did grades II and III tumors giving 

a significant association (P =0.004).  

In the current study we also observed that the 

progression of ovarian carcinomas stage was 

associated with decreased expression of type IV 

collagen with a linear trend for loss of expression of the 

marker from stage I to stage IV (P = 0.002) . This 

positive correlation of type IV collagen  with (FIGO) 

stage of ovarian carcinoma was notice also by Bar et 

al
(10)

 and  Attila F.
(31)

. 

We could conclude that the lack of type IV collagen 

expression in carcinoma cells in advance stages of 

ovarian carcinoma may reflect their metastatic 

properties and could be a characteristic feature of cells 

which acquire more aggressive malignancy phenotype. 

However no statistically meaningful correlation was 

found between stage of tumor and expression of type IV 

http://www.dissertationtopic.net/author/ZhuGaiBian
http://www.dissertationtopic.net/author/ZhuGaiBian
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collagen in borderline tumors (P=0.312) which could be 

due to small sample size & clustering of the cases within 

stage I. 

In some studies, the presence or absence of collagen IV 

was associated with particular histologic subtypes of 

ovarian carcinomas
 (32,33)

. 

The current study showed no statistically meaningful 

correlation between histological subtypes ovarian 

carcinoma or that of borderline tumors with expression 

of type IV collagen (P > 0.05). 

This were in agreements with Bar et al
(10)

, differences 

with the earlier results may be due to differences in 

tissue sampling, antibodies and methods used. 

There are few data concerning the correlations between 

CD44v6 and collagen IV whether in invasive carcinoma 

or borderline ovarian lesions. 

Our findings in this field found that CD44v6 expression 

was inversely correlated with the type IV collagen 

expression in both borderline tumors and ovarian 

carcinoma, this association were statistically significant 

in carcinomas (p=0.019) but not in borderline tumors 

(p=0.679), this were in agreement with Bar et al
(10)

 and  

may suggest an active role of CD44v6 in tumor 

expansion. 

Conclusion : We concluded that the associations 

observed in this study between CD44v6 and type IV 

collagen expression may reflect the interaction between 

them, and may indicate that the process of ovarian 

tumor invasion and metastasis requires complex 

changes in various molecules, which play important role 

in tumor progression. 
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  Table 1: clinicopathological parameters of borderline 

tumors and invasive ovarian carcinoma cases.  

Parameters 
Values 

No.(%) 

Histopathological 

diagnosis 

borderline tumors 19 

ovarian carcinoma 82 

Age :Mean range 

±SEM (years) 

borderline tumors 

38.05± 

2.61 

(18-62) 

ovarian carcinoma 

57.89± 

1.13 

(30-85) 

Histopathological 

types of ovarian 

carcinoma 

Serous 60(73.2%) 

Mucinous 8 (9.8%) 

Endometrioid 
10 

(12.2%) 

Clear cell 

carcinoma 
2(2.4%) 

Malignant Brenner 2(2.4%) 

Histopathological 

types of 

borderline tumors 

Serous 14(74%) 

Mucinous 5(26%) 

Grade of ovarian 

carcinoma 

Well-differentiated 
30 (37%) 

Moderately-

differentiated 34 (41%) 

Poorly-

differentiated 18 (22%) 

 SEM: standard error of the mean. No.: number. 

 

 

IA 
14.6% 

IB 
13.4% 

IC 
4.9% 

IIA 
8.5% IIB 

9.8% 

IIC 
3.7% 

IIIA 
19.5% 

IIIB 
19.5% 

IV 
6.1% 
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Figure 1 Pie charts showing distribution of ovarian 

carcinoma cases (left) and borderline tumors (Right) 

according to FIGO staging system. 

 

 

Table 2: Association of CD44v6 immunohistochemical 
expression with clinicopathological parameters of 
borderline tumors, and ovarian carcinoma. 

Clinicopathological parameter 

 

Positive 

CD44v6 

Negative 

CD44v6 

P-

value 

Age (years) 

(mean± SEM) 

Borderline 

tumors 
42.80±5.17 36.36±3.01 

0.245 

Ovarian 

carcinoma 
59.30±1.56 56.00±1.62 

0.336 

Histopathological 

diagnosis 

Borderline 

tumors 
5 ( 26.3%) 14 (73.7%) 

0.228 

Ovarian 

arcinoma 
47 (57.3%) 35 (42.7%) 

Histopathological 

type of Borderline 

tumors 

Serous No. 

(%) 
4 (28.5%) 10(71.5%) 

0.554 

Mucinous No. 

(%) 
1 (20.0%) 

4 (80.0%) 

Histopathological 

type of invasive 

carcinomas 

Serous No. 

(%) 

38(63.3%) 22(36.7%) 

0.312 

Mucinous No. 

(%) 

4(50.0%) 4(50.0%) 

Endometrioid 

No. (%) 

 2(20.0%) 8(80.0%) 

Clear cell 

CaNo. (%) 

2(100.0%) 0(0) 

Malignant 

Brenner 

No. (%) 

1(50%) 1(50.0%) 

Grade of invasive 

carcinoma 

G1 No. (%) 12 (40.0%) 18(60.0%) 

0.004 
G2 No. (%) 19 (55.9%) 15(44.1%) 

G3 No. (%) 16(88.9%) 2 (11.1%) 

Stage of borderline 

tumors 

IA N (%) 0(0) 11(100%) 

0.001 
IB N (%) 1(25.0%) 3 (75.0%) 

IC N (%) 4(100%) 0(0) 

SEM: standard error of the mean, No.: number, G1: well 

differentiated, G2: Moderately-differentiated, G3: Poorly-

differentiated 
 

 

Table 3: Association of type IV collagen 
immunohistochemical expression with 
clinicopathological parameters of ovarian carcinoma. 

Clinicopathological 

parameter 

 

Positive 

type IV 

collagen 

Negative 

type IV 

collagen 

P- 

value 

Age(years) (mean± 

SEM) 

52.56±3.

02 

59.18±1.

16 

0.02

5 

Histopatholog

ical diagnosis 

Borderlin

e tumors 

19(100%

) 
0(0) 

˂0.0

01 Ovarian 

carcinom

a 

16 

(19.5%) 

66(80.5

%) 

Histopatholog

ical type of 

invasive 

carcinomas 

Serous 

No. (%) 

10(16.7%) 
50 

(83.3%) 

0.15

0 

Mucinous 

No. (%) 

1(12.5%) 7(87.5%) 

Endometri

oid 

No. (%) 

 4(40.0%) 6(60.0%) 

Clear cell 

Ca 

No. (%) 

0(0) 2(100.0%) 

Malignant 

Brenner 

No. (%) 

1(50%) 1(50.0%) 

IA  57.9% 

IB  
21.05% 

IC  21.05 
% 
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Grade of 

invasive 

carcinoma 

G1 No. 

(%) 

12 

(40.0%) 
18(60.0%) 

0.00

4 
G2 No. 

(%) 
4 (11.8%) 

30 

(88.2%) 

G3 No. 

(%) 
0 (0%) 

18(100.0

%) 

SEM: standard error of the mean, No.: number, G1: well 

differentiated, G2: Moderately-differentiated, G3: Poorly-

differentiated. 
 

 

Table 4: Association of type IV collagen and CD44v6  

immunohistochemical expression with stage of ovarian 

carcinoma 

Stage of 

ovarian 

carcinom

a 

Type IV 

collagen 

staining 

extent  

CD44v6 SI 

Pos

itive 

Neg

ative 
Posit

ive 

Negative 

IA No(%) 
7(5

8.3

%) 

5(41.

7%) 

1(8.3

) 11(91.7) 

IB No(%) 
5(4

5.5

%) 

6(54.

5%) 

1(9.1

) 10(90.9) 

IC No(%) 
0(0) 4 

(100.

0%) 

2 

(50.0

) 

2 (50.0) 

II A 

No(%) 
2(2

8.6

%) 

5 

(71.4

%) 

5(71.

4) 2 (28.6) 

II B 

No(%) 

0(0) 
8(10

0%) 

6(75

) 
2 (25.0) 

II C 

No(%) 
1(3

3.3

%) 

2 

(66.7

%) 

3(10

0) 0(0) 

III A 

No(%) 

1(6.
2%) 

15(9

3.8%

) 

12(7

5) 4(25.0) 

III B 

No(%) 

0(0) 
16(1

00%

) 

12(7

5) 4(25.0) 

IV No(%) 0(0) 
5 

(100

%) 

5(10

0) 0(0) 

P -value 
0.002 

<0.001 

SI: staining index, No.: number 

 

 

Table 5: Association of type IV collagen 

immunohistochemical expression with age, stage and 

types of borderline tumors. 

Clinicopathological 

parameter 

 

Type IV collagen staining 

extent 

P 

val

ue (+) (++) (+++) 

Age(years) (mean± 

SEM) 

39.00±

1.00 

35.75±

7.45 

38.62±

3.24 

0.9

11 

Histopathol

ogical type  

Serou

s No. 

(%) 

2 

(14.3%) 

2 

(14.3%) 

10 

(71.4%) 

 

0.5

77 

Mucin

ous  

No. 

(%) 

0(0)% 2(40.0%) 

3 

(60.0%) 

stage 

IA No. 

(%) 

0(0) 3(27.3%) 8(72.7%)  

0.3

12 
IB No. 

(%) 

1(25.0%) 0(0) 3 

(75.0%) 

IC No. 

(%) 

1(25.0%) 1(25.0%) 2(50.0%) 

SEM: standard error of the mean, No.: number 

 

 

 

Table 6 Correlation between IHC expression of CD 44v6 
and IHC expression of Type IV collagen in borderline 
and malignant ovarian tumors. 

 CD44v6 

r P 

Type IV collagen 

 

-0.102 0.679* 

-0.259  0.019** 

*in ovarian borderline tumors, ** in invasive carcinomas 
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Figure 2 Moderately differentiated serous carcinoma 

stained with anti CD44v6 showing positive brown cell 

membrane&/or cytoplasmic immunostaining with scoring 

index 4, (40x).   

Figure 3: Well differentiated mucinous carcinoma 

stained with anti CD44v6 with positive brown 

cytoplasmic and cell membrane with scoring index 3, 

(40X). 

 

 

Figure 4:  IHC of serous borderline tumor with anti type 
IV collagen showing continuous linear (+++), expression 
of type IV collagen, (arrow), (10X). 

 

Figure 5: IHC of serous carcinoma with highly reduced 

(+), expression of type IV collagen, the linear staining of 

basement membrane underlie the neoplastic cells were 

less than 20% (arrow) (10X) 
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