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with Ovarian Epithelial Cancer

Background: Ovarian epithelial cancer (OEC) is the second-most common gynecologic malig-
nancy. CD109 expression is elevated in human tumor cell lines and carcinomas. A previous study
showed that CD109 expression is elevated in human tumor cell lines and CD109 plays a role in
cancer progression. Therefore, this study aimed to determine whether CD109 is expressed in
OEC and can be useful in predicting the prognosis. Methods: Immunohistochemical staining for
CD109 and reverse transcription-quantitative polymerase chain reaction was performed. Then
we compared CD109 expression and chemoresistance, overall survival, and recurrence-free sur-
vival of OEC patients. Chemoresistance was evaluated by dividing into good-response group and
poor-response group by the time to recurrence after chemotherapy. Results: CD109 expression
was associated with overall survival (p=.020), but not recurrence-free survival (p=.290). CD109
expression was not an independent risk factor for overall survival due to its reliability (hazard ratio,
1.58; p=.160; 95% confidence interval, 0.82 to 3.05), although we found that CD109 positivity was
related to chemoresistance. The poor-response group showed higher rates of CD109 expression
than the good-response group (93.8% vs 66.7%, p=.047). Also, the CD109 mRNA expression
level was 2.88 times higher in the poor-response group as compared to the good-response group
(p=.001). Conclusions: Examining the CD109 expression in patients with OEC may be helpful in
predicting survival and chemotherapeutic effect.
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Ovarian epithelial cancer (OEC) is the second most common
gynecologic malignancy.' However, it is often found in advanced
stages, which makes it difficult to treat. OEC is believed to have
an insidious onset, with no early symptoms.” Survival rates for
women with advanced disease range from 20%-30%, which are
much lower than those for women with early stage disease (70%—
90%).” Despite tumor-debulking surgery and chemotherapy, the
50-year survival rate is as low as 40%." Although factors associ-
ated with the prognosis of OEC, such as p53 and human epi-
dermal growth factor receptor 2 expression, have been reported,
only a few factors can predict poor outcome in patients with OEC.

CD109 is a glycosylphosphatidylinositol-linked cell surface
glycoprotein and a member of the 2-macroglobulin-C3, C4, C5
family of thioester-containing proteins.” CD109 expression is
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limited in certain cell types in normal tissues, including myo-
epithelial cells of the breast, salivary gland, and basal cells of the
prostate.® CD109 protein is a component of the transforming
growth factor p1 (TGF-B1) receptor system, which is involved in
cell proliferation and differentiation and has both tumor-sup-
pressive and promoting effects during carcinogenesis.” However, its
functions are still unknown. A previous study showed that CD109
expression is elevated in human tumor cell lines and CD109 plays
a role in cancer progression.'’ CD109 expression is significantly
increased in carcinomas of the lung, gallbladder, uterine cervix,
and vulva and soft tissue sarcomas.'* In addition, CD109 expres-
sion in lung squamous cell carcinoma is associated with the tumor
stage, and its expression in myxofibrosarcomas is useful to pre-
dict recurrence."" Thus, CD109 could be expressed in OEC and
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may be a useful predictor of OEC prognosis.

The aim of this study was to evaluate CD109 expression by
immunohistochemistry and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) using clinical specimens
of human OEC; to analyze the correlation between CD109 ex-
pression and survival rate, recurrence rate, and chemotherapy
response in patients with OEC; and to investigate the prognostic
significance of CD109 expression.

MATERIALS AND METHODS

Patients and data

OEC patients who underwent surgical resection at Pusan
National University Hospital from 1998 to 2009 were selected
for this study. All patients provided written informed consents
and underwent surgical procedures. The biospecimens and data
used for this study were provided by the Biobank of Pusan Na-
tional University Hospital (PNUH), a member of the Korea
Biobank Network. All samples derived from the National Bio-
bank of Korea were obtained with the approval of institutional
review board. After exclusion of cases with insufficient tissue ma-
terial and clinical information, a total of 120 cases were enrolled
and representative formalin-fixed paraffin tissue blocks were
collected. Pathological data including histological type, patho-
logical stage, tumor histological grade, nuclear grade, and mitosis
were obtained from the primary pathology report. The histo-
logical tumor type was classified according to the World Health
Organization criteria.' Histological grades were classified as well-,
moderately, and poorly differentiated according to the Silverberg
grading system.'” The tumors were staged according to the Inter-
national Federation of Gynecology and Obstetrics (FIGO) staging
system (Table 1)."®

Fresh tissue samples of OEC were obtained by surgical resec-
tion and stored in the Biobank of PNUH. For this study, tissue
samples from 12 patients who underwent resection were exam-
ined. We evaluated 12 patients with serous carcinoma who re-
ceived chemotherapy. Six patients who did not experience relapse
for 18 months after chemotherapy were included in the good-
response group, and six patients who experienced recurrence
within 6 months of chemotherapy initiation to 8 months of
chemotherapy completion were included in the poor-response
group (Table 2).

Immunohistochemistry
CD109 expression was assessed using CD109 immunohisto-

chemical staining. The slides were then dewaxed in xylene and
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Table 1. Characteristic of the patients

No. (%) (h=120)

Follow-up, median (range, mo) 50 (1-115)
Age at diagnosis (yr) 51 (15-82)

<50 57 (47.5)

>50 63 (62.5)
Histologic type

Serous 59 (49.2)

Mucinous 22 (18.3)

Endometrioid 9(7.5)

Clear cell 27 (22.5)

Undifferentiated 3(2.5)
Histologic grade

Well differentiated 28 (23.3)

Moderate differentiated 61 (50.8)

Poorly differentiated 31(25.8)
Nuclear grade

| 6(5.0)

Il 65 (54.2)

Il 49 (40.8)
FIGO stage

| 51 (42.5)

Il 6(5)

Il 44 (36.7)

\% 19 (15.8)
Mitosis (per 10HPFs)

1-9 45 (37.5)

10-19 41(34.2)

>20 34 (28.3)
Overall survival

Survival 63 (62.5)

Death 57 (47.5)
Recurrence

Absent 27 (22.5)

Present 93 (77.5)

FIGO, International Federation of Gynecology and Obstetrics; HPF, high-
power field.

dehydrated in ethanol. Staining was performed using BondMax-
autostainer and other reagents (Leica Microsystems, Berlin, Ger-
many). Deparaffinization was performed automatically in the au-
tostainer with BondWash solution (Leica Microsystems) at 72°C
for 30 minutes. After washing, the slides were incubated over-
night at 4°C with a rabbit polyclonal anti-CD109 antibody
(dilution 1:50, cat. No., HPA009292, Sigma-Aldrich, Merck
KGaA, Darmstadt, Germany) and incubated with a horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody (di-
lution 1:100, cat. No., SAO0001-2, ProteinTech Group, Inc.,
Wuhan Sanying Biotechnology, Wuhan, China) for 90 minutes
at room temperature. Antibody binding was performed by incu-
bating the slides for 1 minute with a solution of 1 drop of
3,3'-diamino-benzidine (20 x) per 1.0 mL diamino-benzidine
substrate buffer (cat. No. ZLI-9017, Origene Technologies, Inc.,
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Table 2. Fresh tissue samples of ovarian epithelial carcinoma

Case No. Histologic type Stage Chemotherapy regimen Period before recurrence (mo) Response
1 Serous lllc Carbo-Taxol® 4 Poor response
2 Serous vV Carbo-Taxol 8 Poor response
3 Serous lllc Carbo-Taxol 4 Poor response
4 Serous lllc Carbo-Taxol 0 Poor response
5 Serous Y Carbo-Taxol 1 Poor response
6 Serous vV Carbo-Taxol 0 Poor response
7 Serous lllc Carbo-Taxol No recur Good response
8 Serous lllc Carbo-Taxol No recur Good response
9 Serous lllc Carbo-Taxol No recur Good response
10 Serous lla Carbo-Taxol 38 Good response
11 Serous lllc Carbo-Taxol No recur Good response
12 Serous Y Carbo-Taxol 25 Good response
#Pacilitaxel and carboplatin.
Beijing, China). The slides were then counterstained with EnVi- Table 3. Primer sequences
sion FLEX hematoxylin (Dako, Agilent Technologies, Inc., Santa Gene Sequence (5'-3)
Clara, CA, USA) for 1 minute and dehydrated using ethanol and Cluster of differentiation 109
xylene. For negative control, staining was performed without Forward GAAGCCATCTCTCAACTTCACA

. . Reverse CTCCTTGGAGGCCATGTG
primary antibody. GAPDH

Forward GAAGGTGGTGAAGCAGGC

Assessment of immunohistochemical staining Reverse TTCCACTGTTAGATCCGCTCC

Slides were evaluated using light microscopy. CD109 expres-
sion was detected through cytoplasmic and/or membranous stain-
ing of the cumor cells. The CD109 positivity of tumor cells was
determined as follows: positive staining, >10% positive tumor
cells and negative staining, < 10% positive tumor cells.

RT-gPCR

The mRNA levels of CD109 in the fresh tissue samples of OEC
were measured using RT-qgPCR. Total RNA was purified from
cells using RNeasy mini prep kits (Qiagen, Valencia, CA, USA).
cDNA was synthesized from 1 pg RNA using the ProtoScript
First Strand cDNA Synthesis Kit (New England Biolabs, Ips-
wich, MA, USA). Differential RNA levels were assessed using
Luna Universal gPCR Master Mix (New England Biolabs) and
primers for each gene. Quantitative PCR reactions were performed
using an ECO Real-Time PCR system (PCRmax, Straffordshire,
UK ) as follows: 95°C for 30 minutes followed by 40 cycles at 95°C
for 10 seconds, 61°C for 30 seconds, and 72°C for 20 seconds.
The PCR products were analyzed using ECO ware (PCRmax).
All samples were normalized to the signal generated from glyc-
eraldehyde 3-phosphate dehydrogenase using the primers pre-
sented in Table 3. The CD109 gene expression was generalized
by comparing the relative expression of CD109 with the internal
standard glyceraldehyde 3-phosphate dehydrogenase using the
2T method."”

http://jpatholtm.org/

GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Statistical analysis

The Pearson’s chi-square test was used to assess statistical sig-
nificance between CD109 expression and various clinicopatho-
logical characteristics. Overall survival and recurrence-free survival
were estimated using Kaplan-Meier plots. Multivariate analyses
to determine hazard ratios for overall survival and recurrence-free
survival were petformed using Cox regression analysis. All anal-
yses were performed using SPSS software (IBM, Armonk, NY,
USA). A p-value of <0.05 was considered statistically significant.

RESULTS

Patient characteristics

A series of 120 OEC cases was retrieved for this study. The fol-
low-up period ranged from 1 to 115 months (median, 50 months),
and the patient age ranged from 15 to 82 years (median, 50 years).
There were 59 cases of serous carcinoma, 22 cases of mucinous
carcinoma, nine cases of endometrioid carcinoma, 27 cases of clear
cell carcinoma, and three cases of undifferentiated carcinoma.
The overall survival rate was 52.5%, and the recurrence rate was
77.5%. Other clinicopathologic parameters are presented in
Table 1.
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CD109 expression in OEC

In OEC samples, the malignant tumor cells exhibited brownish
CD109 staining in the membrane and cytoplasm (Fig. 1). CD109
expression was detected in 63 of the 120 OEC samples (52.5%).
CD109 expression differed according to the histological type of
tumor (p <.001). There was a statistically significantly increase
in the expression of CD109 in serous, endometrioid, and undif-
ferentiated carcinomas (77.4%). CD109 expression was associ-
ated with a higher histological tumor grade (p =.012). Twelve of
51 FIGO stage I tumors (23.5%) and 51 of 69 FIGO stage II,
111, and IV tumors (73.9%) were positive for CD109 (p <.001).
Thirteen of 45 tumors with < 10 mitotic events (28.9%) and 50 of
75 tumors with more than 10 mitotic events (66.7%) were posi-
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tive for CD109 (p<.001). A high nuclear grade was not associated
with CD109 expression (Table 4).

In the above results, CD109 positivity ratio varied according
to the histologic type, and the following is the CD109 expression
results in serous carcinoma that accounts for the largest percent-
age of OEC: Six of 13 FIGO stage I tumors (46.2%) and 40 of
46 FIGO stage II, III, and IV tumors (87.0%) were positive for
CD109 (p = .004). Histologic grade, high nuclear grade, and
high mitotic counts were not associated with CD109 expression
(Table 5).

Association between CD109 expression and OEC prognosis

CD109 expression was associated with overall survival (p =

Fig. 1. Immunohistochemical staining of CD109 in ovarian epithelial carcinoma.

A) Positive in serous carcinoma. (B) Positive in mucinous

carcinoma. (C) Positive in endometrioid carcinoma. (D) Positive in clear cell carcmoma (E) Positive in undlfferentlated carcmoma (F) Negative

in serous carcinoma.
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.020) (Fig. 2), but not recurrence-free survival (p =.290) (Fig. 3).
The 5-year sutvival rate was 42.5% in patients with CD109-pos-
itive results and 64.8% in patients with CD109-negative results

Table 4. Correlation between CD109 expression and clinicopatho-
logical characteristics in ovarian epithelial carcinomas (n=120)

Parameter Negative Positive p-value?
Histologic type .000
Serous 13 (22.0) 46 (78.0)
Mucinous 19 (86.4) 3(13.6)
Endometrioid 3(33.3 6 (66.7)
Clear cell 22 (81.5) 5(18.5)
Undifferentiated 0(0) 3(100)
Histologic grade .012
Well differentiated 19 (67.9) 9(32.1)
Moderate differentiated 29 (47.5) 32 (52.5)
Poorly differentiated 9(29.0) 22 (71.0)
Nuclear grade .788
I 3(50.0) 3(50.0)
I 29 (44.6) 36 (55.4)
1l 25 (51.0) 24 (49.0)
FIGO stage .000
I 39 (76.5) 12 (23.5)
II, land IV 18 (26.1) 51(73.9
Mitoses (per 10HPFs) .000
1-9 32(71.1) 13(28.9)
>10 25(33.3) 50 (66.7)

Negative, less than 10% positive staining of tumor cells; Positive, more
than 10% positive staining of tumor cells.

FIGO, Federation of Gynecology and Obstetrics; HPF, high power field.
#Pearson’s chi-squared test.

Table 5. Correlation between CD109 expression and clinicopatho-
logical characteristics in serous carcinoma (n1=59)

Parameter Negative Positive p-value?
Histologic grade 3561
Well differentiated 2(40.0) 3(60.0)
Moderate differentiated 9(24.3 28 (75.7)
Poorly differentiated 2(11.8) 15 (88.2)
Nuclear grade .850
I 0(0) 1(100)
I 8(21.6) 29 (78.4)
1l 5(23.8) 16 (76.2)
FIGO stage .004
I 7(53.8) 6 (46.2)
II, land IV 6(13.0) 40 (87.0)
Mitoses (per 10HPFs) 959
1-9 3(25.0) 9(75.0)
10-19 5(21.7) 18(78.3)
>20 5(20.8) 19(79.2)

Values are presented as number (%).

FIGO, Federation of Gynecology and Obstetrics; HPF, high power field;
Negative, less than 10% positive staining of tumor cells; Positive, more
than 10% positive staining of tumor cells.

#Pearson’s chi-squared test.
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(p=.020) (Fig. 2). Analysis of the variables using multivariate
analysis showed that CD109 expression was not an independent
risk factor for overall survival due to its low reliability (hazard ratio
[HR], 1.58; p=.160; 95% confidence interval [CI], 0.82 to 3.05)
(Table 6). In addition, CD109 expression was not an only risk
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0 20 40 60 80 100 120
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Fig. 2. Expression of CD109 protein is associated with overall sur-
vival. Prognosis is estimated by Kaplan-Meier plots (p=.020).
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Fig. 3. Expression of CD109 protein is not significantly associated
with recurrence. Prognosis is estimated by Kaplan-Meier plots (p=
290).

https://doi.org/10.4132/jptm.2019.04.16



Table 6. Multivariate analysis of overall survival (n=120)

95% confidence

Variable Hazard ratio . p-value
interval

Histologic grade

Well differentiated 1

Moderate differentiated 0.33 0.12-0.87 .020

Poorly differentiated 0.63 0.34-1.14 130
FIGO stage

I 1

II, ll, and IV 0.17 0.07-0.38 <.001
CD109 expression

Negative 0

Positive 1.58 0.82-3.05 160

Table 7. Multivariate analysis of recurrence-free survival (n=120)

Variable Hazard ratio 95% confidence interval p-value

Histologic grade

Well differentiated 1

Moderate differentiated 0.34 0.09-1.26 .220

Poorly differentiated 0.53 0.21-1.32 100
FIGO stage

| 1

II, ll, and IV 1.29 0.41-0.41 <.001
CD109 expression

Negative 1

Positive 2.06 0.83-5.09 110

factor for recurrence-free survival (HR, 2.06; p =.110; 95% CI,
0.83 t0 5.09) (Table 7). Therefore, CD109 expression is not an
independent prognostic factor but is helpful for predicting the
prognosis of patients with OEC.

Immunohistochemical staining was performed in 37 patients
with serous carcinoma who received chemotherapy, 21 patients
belonged to the good-response group and 16 patients belonged
to the poor-response group. The poor-response group had higher
rates of CD109 expression than the good-response group (93.8%
vs 66.7%, p = .047) (Table 8). Thus, CD109 is useful for pre-
dicting the chemotherapeutic effect in patients with OEC, espe-
cially serous carcinoma.

CD109 mRNA levels in OECs

All 12 fresh OEC samples were examined for CD109 expres-
sion by RT-qPCR. The samples were limited to serous carcinoma
of OEC. CD109 mRNA was significantly upregulated in the
poor-response group compared with the good-response group
(p=.001) (Fig. 4), suggesting that high CD109 expression level
is associated with chemoresistance in patients with OEC.

https://doi.org/10.4132/jptm.2019.04.16
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Table 8. Chemotherapy response in correlation with CD109 expres-
sion

CD109 expression

Parameter - —

Negative Positive
Good response group 7(33.3) 14 (66.7)
Poor response group 1(12.5) 15 (93.8)
Values are presented as number (%).

4 p=.001
2.89

w
|

Y
|

CD109 mRNA epxression (2-24CT)
N
|

o

Good-response group Poor-response group

Fig. 4. Relationship between chemoresistance and CD109 mRNA
expression (n=12).

DISCUSSION

The physiological function of CD109 has not been studied, yet
it is highly expressed in various types of malignancies and several
normal tissues.*” It has recently been reported that CD109 ex-
pression is associated with tumor development and cell prolif-
eration using human oral tumor tissues and cancer cell lines.”!
In addition, CD109 can predict prognosis in tumors such as myxo-
fibrosarcoma.” In this study, we evaluated CD109 expression in
OEC samples by immunohistochemical stains and RT-qPCR
and found that an increased CD109 expression was associated
with the prognosis and chemoresistance of OEC.

CD109 protein is a component of the TGF-B1 receptor sys-
tem.” Tumor suppression occurs through the TGF-B1-signaling
pathway in the early tumor stage; however, in malignantly trans-
formed cells, TGF-1 is severely dysregulated, resulting in the loss
of tumor suppression.” CD109 expression is followed by a com-
plex formation with the type [ TGF-B1 receptor, which is required
for the regulation of TGF-P1 signaling in early tumor cells.””
Finally, CD109 degrades the TGF-P1 receptor and blocks TGF-B1
signaling, thereby preventing tumor suppression,” which was
confirmed in a mouse model.?* In CD109-deficient mice, the
TGF-B1 signaling pathway was enhanced and it suppressed skin
tumorigenesis.”!

TGF-B1 plays an important role in chemoresistance in breast
cancer and squamous cell carcinoma.””* During TGF-B1 expres-
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sion, cancer cells proliferate slowly in early tumor stage and lead
to chemoresistance because they can be protected against DNA-
damaging chemotherapeutic agents.” In myxofibrosarcomas,
tumors with high CD109 expression level showed decreased ex-
pression of TGF-B1 with a good treatment effect.” However,
tumors with low CD109 expression and high TGF-P1 expres-
sion showed chemoresistance.” The current case and the other
cases mentioned above indicate that there are other underlying
mechanisms stronger than the CD109-TGF-B1 signaling
pathway. In our study, the relationship between CD109 expres-
sion and chemoresistance was identified, but TGF-B1 expression
and its role wete not confirmed. If both CD109 and TGF-1 are
found to be related to the chemoresistance of OEC, it will be
helpful in treating patients. Therefore, further research is needed
to confirm these findings in OEC.

CD109 expression has been associated with chemotherapeutic
resistance in triple-negative breast cancers.”® After chemotherapy
was administered to patients with CD109-positive triple negative
breast cancer, 50% of the patients showed disease progression and
none of them showed complete response.” The same result was
reported when examining the CD109 expression and chemo-
therapeutic effect in breast cancer and glioblastoma.”* This
may be due to the role of CD109 in the development of endo-
thelial cells and induction of angiogenesis in contrary to the effect
of chemotherapy regimen, which blocks tumor neovasculariza-
tion.” In this study, CD109 was expressed at a higher rate in the
poor-response group than in the good-response group. In addi-
tion, the expression level of CD109 mRNA was 2.88-fold higher
in the poor-response group than in the good-response group.
However, unlike breast cancer, most OECs are diagnosed at ad-
vanced stages, making it difficult to divide the chemotherapy
response group into more detailed subgroups.

CD109 is involved in the pathogenesis and prognosis of some
tumors. CD109 overexpression is known to induce cell growth in
oral squamous cell carcinomas, and CD109-positive oral dysplas-
tic lesions develop into squamous cell carcinoma within 3 years.”
Although there is no correlation between the CD109 expression
and mitosis, CD109 expression was associated with neoplastic
cell growth.” Recently, a study suggested that CD109 expres-
sion is managed by cancer stem-like cells/cancer-initiating cells,
which can initiate tumorigenesis and tumor growth in sarcomas.*
Therefore, in the presence of cancer stem cells, CD109 expression
may increase and malignancies or recurrence/metastasis may de-
velop. In our study, CD109 expression was higher in the advanced
stage, but OEC precursors such as borderline ovarian tumor is
not included in the study. More research that can determine the

http://jpatholtm.org/

association of CD109 with neoplastic cell growth in ovary tissue
may be helpful in early detection and treatment of patients.

Based on our review, this is the first study on the relationship
between CD109 expression and prognosis of OEC. The present
study demonstrated that CD109 is highly expressed in OEC
tissues. Immunohistochemical analysis of CD109 expression is
useful for predicting overall survival but not recurrence-free sur-
vival. Regarding the chemotherapeutic effect on serous carcinoma,
the poot-response group expressed increased mRNA levels of
CD109 as compared to the good-response group. Therefore,
identification of CD109 expression may help in predicting the
survival and chemotherapeutic effect in patients with serous
carcinoma of OEC. Further analysis of other factors related to
CD109 is needed for careful management of patients with serous
carcinoma of OEC.
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