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lines in the next experiment. Then we infected 
EOC cells with retrovirus carrying sh-HtrA2/Omi 
and evaluated the expression of HtrA2/Omi on 
EOC cell. We found that cell proliferation was 
markedly increased when HtrA2/Omi was kn- 
ocked down in A2780 and OVCAR-3 cell lines. 
However, HtrA2/Omi gain-of function could 
inhibit the cell proliferation in A2780 and 
OVCAR-3 cell lines as compared to control 
group (Figure 4C). Next, we examined whether 
HtrA2/Omi regulates cell death in A2780 and 
OVCAR-3 cell lines through an apoptotic mech-
anism. Caspase-3 activity assay and triphos-
phate nick-end labeling (TUNEL) staining were 
measured after A2780 and OVCAR-3 cell with 
HtrA2/Omi gain-of function or loss-of function. 
The results indicated that A2780 and OVCAR-3 
cell with HtrA2/Omi gain-of function showed 
significant cell apoptosis as compared to that 
of the control group, and the caspase-3 activity 
in A2780 and OVCAR-3 cell with HtrA2/Omi 
gain-of function was significantly higher than 
that of the control group (Figure 4D and 4E). 

Intriguingly, HtrA2/Omi gain-of function increa- 
sed and HtrA2/Omi loss-of function decreased 
the protein expression of casapse3 in A2780 
and OVCAR-3 cell lines (Figure 4F). 
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We next explored whether HtrA2/Omi gain-of 
function could regulate EOC cell growth in vivo, 
thus we performed tumor xenograft experi-
ment. Significantly, HtrA2/Omi gain-of function 
could attenuate A2780- and OVCAR-3-engra- 
fted tumors growth in vivo (Figure 5A and 5B). 
Moreover, HtrA2/Omi gain-of function could 
increase the protein expression of caspase3 
and caspase9 in engrafted tumors mice as 
compared to the control group (Figure 5C). In 
summary, these results suggested that HtrA2/
Omi gain-of function could inhibit EOC cell 
growth in vitro and in vivo, and the underlying 
mechanism was mediated, at least partially, 

Figure 3. Immunochemical staining of HtrA2/Omi in paired adjacent non-tumourous tissues (A) and EOC tumor tis-
sues (B: Weak expression, C: Moderate expression, D: Strong expression). 
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through the activation of caspase3 signaling 
pathway. 

Discussion

HtrA2/Omi serine protease is a nuclear-encod-
ed mitochondrial protein, which can promote 
cell death by two different mechanisms: (1) 
HtrA2/Omi binds to an inhibitor of apoptosis 
proteins (IAPs) via its amino terminal, reaper-

related motif, and induces caspase activity; (2) 
HtrA2/Omi can mediate caspase-independent 
death through its own protease activity [7, 
10-12]. In retinal pigment epithelial cells 
(RPECs), oxidative stress-induced apoptosis is 
mediated, at least partially, by HtrA2/Omi, 
which translocates from the mitochondria to 
the cytosol and subsequently induces apopto-
sis [7, 13]. In the present study, we demonstrat-
ed that the mRNA and protein expression of 

Figure 4. HtrA2/Omi mRNA (A) and protein (B) expression in EOC cell lines, NOEC, normal ovarian epithelial cells. 
Growth of A2780 and OVCAR-3 cell lines (C), caspase3 activity (D), TUNEL staining (E) in response to HtrA2/Omi 
gain-of function or loss-of function. Caspase3 protein expression in A2780 and OVCAR-3 cell lines was measured by 
western blotting in response to HtrA2/Omi gain-of function or loss-of function (F). 



HtrA2/Omi protease in epithelial ovarian carcinoma

3167 Int J Clin Exp Pathol 2016;9(3):3161-3169

Omi/HtrA2 in the EOC tissues was dramatically 
higher than that in the adjacent non-tumor tis-
sues, and it was highly correlated with clinico-
pathological parameters. HtrA2/Omi gain-of 
function acuted and HtrA2/Omi loss-of function 
blunted apoptosis in A2780 and OVCAR-3 cell 

lines. In vivo, HtrA2/Omi gain-of function cou- 
ld attenuate A2780- and OVCAR-3-engrafted 
tumors growth and increase the protein expres-
sion of caspase3 and caspase9 in engrafted 
tumors mice. These results suggested that ov- 
erexpressed HtrA2/Omi could inhibit EOC cell 

Figure 5. Average tumor volume and weight of A2780 (A) and OVCAR-3 (B) xenografted tumor mice model were 
evaluated during the experiment, n = 12 in each group. HtrA2/Omi, caspase3 and caspase9 protein expression 
were measured by western blotting in A2780 and OVCAR-3 xenografted solid tumor (C). *P < 0.05, **P < 0.01, ***P 
< 0.001 versus control group. 
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growth in vitro and in vivo, and the underlying 
mechanism was mediated, at least partially, 
through the activation of caspase3 signaling 
pathway. 

Previous studies report that HtrA2/Omi is wide-
ly expressed in cancer cell lines, and the inten-
sity of its expression is cell-type specific [10, 
11, 14]. In prostate cancer cells and gastric 
cancer cells, HtrA2/Omi expression is an es- 
sential part of apoptosis, and its expression 
may be involved in prostate cancer and gastric 
cancer progression [10, 11]. In ovarian can-
cers, HtrA2 expression is a predictor for sensi-
tivity to chemotherapy and can be a candidate 
of molecular target in the treatment of high-
grade serous ovarian cancers [15]. However, 
for all we know, no literature has been reported 
that the HtrA2/Omi expression is associated 
with EOC patients. In our study, HtrA2/Omi ex- 
pression in EOC tissues was significantly in- 
creased compared with adjacent non-tumor tis-
sues, and the HtrA2/Omi expression levels 
were markedly higher in III/IV stage than I/II 
stage in patients with EOC. Moreover, HtrA2/
Omi levels were increased in distant metasta-
sis patients as compared to that of patients 
without distant metastasis. However, HtrA2/
Omi was no obvious difference with tumor size 
in EOC patients. Interestingly, our study is the 
first to report that the HtrA2/Omi is differen-
tially expressed in EOC tissues and is associat-
ed with clinicopathological parameters in EOC 
patients. 

Previous studies using ovarian cancer cells 
suggest that cytosolic HtrA2/Omi level was an 
important marker in cisplatin-induced apopto-
sis [16, 17]. Cisplatin decreases Xiap content 
and increases cytosolic HtrA2/Omi content and 
caspase-3 activity in cisplatin-sensitive ovarian 
cancer cell lines (A2780 and COC1). Downre- 
gulation of Xiap by antisense Xiap oligonucle-
otides increased caspase-3 activity and sensi-
tized cisplatin-resistant cells to cisplatin tre- 
atment. Cytosolic HtrA2/Omi level increased 
while Xiap was downregulated in cisplatin-resis-
tant ovarian cancer cells. These results indi-
cate that cytosolic HtrA2/Omi level can regu-
late ovarian cancer cells death [16]. Three ovar-
ian serous cancer cell lines tested clearly 
showed an inverse correlation of HtrA2/Omi 
expression and sensitivity to cisplatin, and 
HtrA2 loss-of function by siRNA is related with 

lower sensitivity to cisplatin in ovarian cancer 
cell lines [15, 18]. In our study, we infected EOC 
cells with retrovirus carrying sh-HtrA2/Omi and 
evaluated the expression of HtrA2/Omi on EOC 
cell. We found that cell proliferation was mark-
edly increased when HtrA2/Omi was knocked 
down in A2780 and OVCAR-3 cell lines. On the 
contrary, HtrA2/Omi gain-of function could in- 
hibit the cell proliferation in A2780 and OVCAR-
3 cell lines as compared to control group. 
Moreover, HtrA2/Omi gain-of function increased 
and HtrA2/Omi loss-of function decreased the 
protein expression of casapse3 in A2780 and 
OVCAR-3 cell lines. In vivo, we found that HtrA2/
Omi gain-of function could attenuate A2780- 
and OVCAR-3-engrafted tumors growth in vivo 
and could increase the protein expression of 
caspase3 and caspase9 in engrafted tumors 
mice as compared to the control group. 

Collectively, the present study demonstrated 
that overexpressed HtrA2/Omi was found in 
EOC tissues and cell lines, which was attributed 
to suppress EOC cell growth in vitro and in vivo. 
This antineoplastic efficacy was mediated, at 
least partially, through the activation of cas-
pase3 signaling pathway. However, the molecu-
lar changes of HtrA2/Omi-caspase3 signaling 
during the development of malignancies still 
need to be further investigated. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shu-Zhen Dai, 
Department of Obstetrics and Gynecology, The 
Affiliated Hospital of Qingdao University, 16 Jiangsu 
Road, Qingdao 266003, China. Tel: +86 532-
82911847; E-mail: shuz_d09@163.com

References

[1] Chiu WT, Huang YF, Tsai HY, Chen CC, Chang 
CH, Huang SC, Hsu KF and Chou CY. FOXM1 
confers to epithelial-mesenchymal transition, 
stemness and chemoresistance in epithelial 
ovarian carcinoma cells. Oncotarget 2015; 6: 
2349-2365.

[2] Nam EJ, Yoon H, Kim SW, Kim H, Kim YT, Kim 
JH, Kim JW and Kim S. MicroRNA expression 
profiles in serous ovarian carcinoma. Clin 
Cancer Res 2008; 14: 2690-2695.

[3] Chen X, Chen S, Xiu YL, Sun KX, Zong ZH and 
Zhao Y. RhoC is a major target of microRNA-
93-5P in epithelial ovarian carcinoma tumori-

mailto:shuz_d09@163.com


HtrA2/Omi protease in epithelial ovarian carcinoma

3169 Int J Clin Exp Pathol 2016;9(3):3161-3169

genesis and progression. Mol Cancer 2015; 
14: 31.

[4] Lee YY, Jeon HK, Hong JE, Cho YJ, Ryu JY, Choi 
JJ, Lee SH, Yoon G, Kim WY, Do IG, Kim MK, 
Kim TJ, Choi CH, Lee JW, Bae DS and Kim BG. 
Proton pump inhibitors enhance the effects  
of cytotoxic agents in chemoresistant epitheli-
al ovarian carcinoma. Oncotarget 2015; 6: 
35040-35050.

[5] Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[6] Cilenti L, Ambivero CT, Ward N, Alnemri ES, 
Germain D and Zervos AS. Inactivation of Omi/
HtrA2 protease leads to the deregulation of  
mitochondrial Mulan E3 ubiquitin ligase and 
increased mitophagy. Biochim Biophys Acta 
2014; 1843: 1295-1307.

[7] Ding X, Patel M, Shen D, Herzlich AA, Cao X, 
Villasmil R, Klupsch K, Tuo J, Downward J and 
Chan CC. Enhanced HtrA2/Omi expression in 
oxidative injury to retinal pigment epithelial 
cells and murine models of neurodegenera-
tion. Invest Ophthalmol Vis Sci 2009; 50: 
4957-4966.

[8] Martins LM. The serine protease Omi/HtrA2: a 
second mammalian protein with a Reaper-like 
function. Cell Death Differ 2002; 9: 699-701.

[9] Yamaguchi H, Bhalla K and Wang HG. Bax 
plays a pivotal role in thapsigargin-induced 
apoptosis of human colon cancer HCT116 
cells by controlling Smac/Diablo and Omi/
HtrA2 release from mitochondria. Cancer Res 
2003; 63: 1483-1489.

[10] Hu XY, Xu YM, Chen XC, Ping H, Chen ZH and 
Zeng FQ. Immunohistochemical analysis of 
Omi/HtrA2 expression in prostate cancer and 
benign prostatic hyperplasia. APMIS 2006; 
114: 893-898.

[11] Lee SH, Lee JW, Kim HS, Kim SY, Park WS, Kim 
SH, Lee JY and Yoo NJ. Immunohistochemical 
analysis of Omi/HtrA2 expression in stomach 
cancer. APMIS 2003; 111: 586-590.

[12] Jin S, Kalkum M, Overholtzer M, Stoffel A, Chait 
BT and Levine AJ. CIAP1 and the serine prote-
ase HTRA2 are involved in a novel p53-depen-
dent apoptosis pathway in mammals. Genes 
Dev 2003; 17: 359-367.

[13] Yamauchi S, Hou YY, Guo AK, Hirata H, 
Nakajima W, Yip AK, Yu CH, Harada I, Chiam 
KH, Sawada Y, Tanaka N and Kawauchi K. p53-
mediated activation of the mitochondrial pro-
tease HtrA2/Omi prevents cell invasion. J Cell 
Biol 2014; 204: 1191-1207.

[14] Faccio L, Fusco C, Chen A, Martinotti S, 
Bonventre JV and Zervos AS. Characterization 
of a novel human serine protease that has ex-
tensive homology to bacterial heat shock en-
doprotease HtrA and is regulated by kidney 
ischemia. J Biol Chem 2000; 275: 2581-2588.

[15] Miyamoto M, Takano M, Iwaya K, Shinomiya N, 
Goto T, Kato M, Suzuki A, Aoyama T, Hirata  
J, Nagaoka I, Tsuda H and Furuya K. High-
temperature-required protein A2 as a predic-
tive marker for response to chemotherapy and 
prognosis in patients with high-grade serous 
ovarian cancers. Br J Cancer 2015; 112: 739-
744.

[16] Yang X, Xing H, Gao Q, Chen G, Lu Y, Wang S 
and Ma D. Regulation of HtrA2/Omi by X-linked 
inhibitor of apoptosis protein in chemoresis-
tance in human ovarian cancer cells. Gynecol 
Oncol 2005; 97: 413-421.

[17] Cilenti L, Kyriazis GA, Soundarapandian MM, 
Stratico V, Yerkes A, Park KM, Sheridan AM, 
Alnemri ES, Bonventre JV and Zervos AS. Omi/
HtrA2 protease mediates cisplatin-induced cell 
death in renal cells. Am J Physiol Renal Physiol 
2005; 288: F371-379.

[18] Izeradjene K, Douglas L, Delaney AB and 
Houghton JA. Casein kinase I attenuates tumor 
necrosis factor-related apoptosis-inducing li-
gand-induced apoptosis by regulating the re-
cruitment of fas-associated death domain and 
procaspase-8 to the death-inducing signaling 
complex. Cancer Res 2004; 64: 8036-8044.


