
Journal of Cancer 2015, Vol. 6 
 

 
http://www.jcancer.org 

678 

JJoouurrnnaall  ooff  CCaanncceerr  
2015; 6(7): 678-685. doi: 10.7150/jca.11689 

Research Paper 

Annexin A3 Is a Potential Predictor of Platinum 
Resistance in Epithelial Ovarian Cancer Patients in a 
Prospective Cohort 
Ying Jin1*, Li-ping Feng1,2*, Xiang Jiang1,3*, Yong-xue Wang1, Jie Yin1, Zi-ping Yang1, Yan Li1, Ling-ya Pan1 

1. Department of Obstetrics and Gynecology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing,  China (No.1 Shuai fu yuan, Dongcheng District, Beijing 100730, China) 

2. The current address for Li-ping Feng: Department of Obstetrics and Gynecology, Qilu Hospital of Shandong University, Jinan, Shan-
dong, China (No. 107 Cultural West Road, Jinan 250012, China)  

3. The current address for Xiang Jiang: Department of Obstetrics and Gynecology, Shanghai First Maternity and Infant Health Hospital, 
Shanghai, China (No 536 Changle Road, Jingan District,  Shanghai 200040,China)  

*Contributed equally to this work. 

 Corresponding author: Ling-ya Pan, MD, Department of Obstetrics and Gynecology, Peking Union Medical College Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, No.1 Shuai fu yuan, Dongcheng District, Beijing 100730, China. Phone: 86-10-69155731, Fax: 8610-65124875. E-mail: 
panly@pumch.cn 

© 2015 Ivyspring International Publisher. Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. 
See http://ivyspring.com/terms for terms and conditions. 

Received: 2015.01.25; Accepted: 2015.05.04; Published: 2015.06.10 

Abstract 

Epithelial ovarian cancer (EOC) is the leading cause of death among gynecological malignancies and 
is rarely cured in the recurrent setting, mainly because of progressive chemoresistance, especially 
platinum resistance. In our previous studies, the platinum-resistance-related protein, annexin A3, 
was selected by comparative proteomics. In this study, we detected serum annexin A3 levels using 
a self-developed chemiluminescence immunoassay kit in a prospective EOC patient cohort. We 
also evaluated the capacity of serum annexin A3 levels to predict platinum resistance. Serum 
annexin A3 levels in healthy women exhibited a similar normal distribution (Z=0.723, P=0.673), 
allowing determination of a normal cutoff level of 0.11–1.45 ng/mL. Of the 89 EOC patients, 21 
were platinum resistant and 68 were platinum sensitive. Residual disease after primary surgery 
(p=0.004) and serum annexin A3 levels (p=0.036) were both independent factors associated with 
platinum resistance. The AUC was 0.733 (95% confidence interval (CI), 0.627–0.823). The optimal 
cutoff value for serum annexin A3 levels was 2.05 ng/mL. Multivariate logistic analysis showed that 
expression of annexin A3 as assessed by immunohistochemistry (P=0.005) and residual tumor size 
(P=0.000) had a significant influence on platinum resistance. The AUC of ROC curve of annexin A3 
expression by immunohistochemistry was 0.664 (95% CI, 0.554–0.763) and the cut off value was 
“>=moderate scores”. In conclusion, we demonstrate that annexin A3 is a secreted protein that 
may be measured in the peripheral blood using a self-developed, chemiluminescence immunoassay 
kit. Serum annexin A3 levels may be a potential predictor of platinum resistance in epithelial 
ovarian cancer patients. 
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Introduction 
Epithelial ovarian cancer (EOC) is the leading 

cause of death among gynecological malignancies[1], 
and the majority of women present with ad-
vanced-stage disease (stages III and IV, International 

Federation of Gynecology and Obstetrics (FIGO)). The 
current treatment for patients with advanced disease 
includes primary surgical cytoreduction plus adju-
vant platinum-taxane combination chemotherapy. 
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Even though over 70% of patients achieve a complete 
response with primary therapy, approximately 75% of 
patients will relapse[2]. Ovarian cancer is rarely cured 
in the recurrent setting, mainly because of progressive 
chemoresistance, particularly platinum resistance. For 
this reason, the 5-year overall survival (OS) for EOC 
remains low (~20%)[3]. While multiple US Food and 
Drug Administration-approved chemotherapy agents 
are available for the treatment of recurrent ovarian 
cancer, all yield similar clinical response rates, and 
there is no preferred standard second-line chemo-
therapy to offer these patients. Recent efforts to im-
prove survival after primary therapy have focused on 
novel combinations of standard chemotherapies and 
the use of targeted agents[2,4]. An alternative ap-
proach has been to focus on determining the sensitiv-
ity of an individual patient’s tumor to standard med-
icines, with a variety of drug sensitivity and resistance 
tests[5,6]. Unfortunately, when examined in random-
ized trials, these chemotherapy sensitivity and re-
sistance tests did not improve progression-free sur-
vival (PFS) or OS compared with the standard of 
care[7]. Because the majority of EOC tumors (70%) are 
platinum sensitive during primary therapy, reliable 
identification of platinum-resistant patients would be 
clinically useful. Such patients could then be guided 
to alternative chemotherapy agents and treatment 
options, potentially avoiding unnecessary toxicity. 

In our previous studies, the plati-
num-resistance-related protein, annexin A3, was se-
lected by comparative proteomics[8]. Expression of 
annexin A3, a member of the Ca2+ and phospholip-
id-binding annexin family, is significantly increased 
in platinum-resistant ovarian cell lines. Immuno-
histochemical analysis of annexin A3 expression re-
vealed that cancers from platinum-resistant patients 
also exhibit higher levels of annexin A3 compared 
with platinum-sensitive patients. Further studies 
demonstrated that the concentrations of intracellular 
platinum and platinum-DNA binding were signifi-
cantly lower in annexin A3-overexpressing cells 
compared with parental cells [9]. Annexin A3 can be 
detected in the culture medium of ovarian cancer 
cells, particularly cells expressing high levels of an-
nexin A3, indicating that annexin A3 levels may be 
tested in peripheral blood and serve as a potential 
serological platinum resistance biomarker. Analysis of 
annexin A3 levels in sera from a retrospective EOC 
patient cohort using enzyme-linked immunosorbent 
assay (ELISA), revealed that serum annexin A3 levels 
were significantly higher in platinum-resistant pa-
tients than in platinum-sensitive patients; however, 
the ELISA method was not adequately sensitive or 
stable[10].  

On the basis of these previous studies, we ana-
lyzed serum annexin A3 levels using a self-developed 
chemiluminescence immunoassay kit in a prospective 
EOC patient cohort. The capacity of serum annexin 
A3 protein levels to predict platinum resistance was 
evaluated. Tissue annexin A3 expression was also 
detected by immunohistochemistry (IHC) and the 
predictive value was further assessed.  

Material and Methods 
Patients and control population 

EOC patients treated at the Peking Union Medi-
cal College (PUMC) hospital between September 2009 
and April 2012, were enrolled prospectively. Diagno-
sis was confirmed by a pathologist from the PUMC 
hospital. All patients were treated by primary surgical 
cytoreduction and six to eight cycles of chemotherapy 
(intravenous paclitaxel 175 mg/m2, followed by in-
travenous cisplatin 75 mg/m2 or carboplatin AUC 5). 
Patients receiving other chemotherapy agents were 
excluded. The primary end point was PFS, which was 
calculated from the date of diagnosis to the date of 
disease recurrence (confirmed on physical, serologic, 
or radiologic examination), death, or most recent fol-
low-up visit. According to the National Comprehen-
sive Cancer Network guideline[11], patients who 
progressed after two consecutive chemotherapy 
regimens without ever sustaining a clinical benefit 
were defined as platinum refractory, and those whose 
disease recurred in less than 6 months were defined as 
platinum resistant. Patients who experienced com-
plete remission during the chemotherapy period 
without recurrence or who relapsed after more than 6 
months, were defined as platinum sensitive. In this 
study, platinum resistance consisted of platinum re-
fractory and resistant patients.  

The control population included 113 healthy 
women and 70 patients with benign ovarian epithelial 
tumors, recruited from the PUMC hospital in China 
and enrolled during the same period. All patients and 
the control population gave written informed consent 
to participate in the study. The study was approved 
by the review board of PUMC hospital and was per-
formed according to The Code of Ethics of the World 
Medical Association (Declaration of Helsinki). 

Serum samples 
Blood samples from patients and the control 

population were collected. Sera from these blood 
samples were aliquoted in 1.5- or 0.5-mL amber vials 
and stored at −25°C up to 1 week, before long-term 
storage at −80°C. 
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Development of the annexin A3 chemilumi-
nescence immunoassay kit and the serum an-
nexin A3 assay  

Double-antibody sandwich, chemical lumines-
cence enzyme immunoassay was used to evaluate the 
affinity of six commercially available, anti-annexin A3 
polyclonal or monoclonal antibodies (Supplementary 
Table S1, ABNOVA and ABCAM) to human annexin 
A3 recombinant protein (AAH00871, 1-324 amino 
acids, full-length recombinant protein with a GST-tag 
at the N-terminus. Molecular weight of the GST tag 
alone is 26 kDa, ABNOVA). The two most efficient 
antibodies were selected as the capture antibody and 
detection antibody to prepare the chemiluminescence 
immunoassay kit. The detection antibody was conju-
gated to horseradish peroxidase (HRP) using a modi-
fied sodium iodide method, in accordance with the 
manufacturer’s coupling protocols. Recombinant an-
nexin A3 was diluted with 1% (w/v) bovine serum 
albumin to generate a series of annexin A3 standards 
(range, 0–50 μg/mL). Annexin A3 in the serum sam-
ple was specifically bound by the capture antibody, 
which was a solid-phase immobilization in microtiter 
wells. Immunoassays were performed by adding 
sample/standards (50 μL) and HRP-conjugated de-
tection antibody solution (50 μL) to microtiter wells 
and incubating for 2 h at 37°C. Wells were then 
washed five times with PBS-Tween (x%) to remove 
unbound antibodies and chemiluminescent substrate 
(100 μL of luminol, hydrochloric acid, and hydrogen 
peroxide; Sigma, St. Louis, MO, USA) was then added 
to each well. The mixture was incubated for 10 min at 
room temperature in the dark, and the relative light 
units (RLUs) were read at 450 nm. Analysis of chem-
iluminescence immunoassay performance, which in-
cluded standard curve, minimum limit (the detection 
value of 20 parallel zero value standards), linearity 
ranges, and intra- and inter-assay variability, was 
performed according to the guidelines established by 
the Clinical Laboratory Standard Institute [12,13]. The 
developed chemiluminescence immunoassay was 
applied to quantify serum annexin A3 levels in all 
enrolled subjects.  

Immunohistochemical analysis  
Immunostaining of tissue sections was per-

formed using the Dako LASB system (DakoCytoma-
tion) in accordance with the manufacturer’s instruc-
tions. Sections of normal kidney tissue were used as 
positive controls for annexin A3 staining. Negative 
control sections were incubated with rabbit IgG. Tis-
sue sections were evaluated by light microscopy 
(400×) and scored as previously described (negative, 
weak, moderate, and strong staining) [14]. The im-
munostaining intensity was evaluated by two inde-

pendent observers, who were blinded to clinical and 
annexin A3 data. 

Statistical analysis 
Statistical analysis was performed using SPSS 

software (version 11.5, SPSS Inc, Chicago, IL, USA). 
The predicted probability of platinum resistance was 
used as a surrogate marker to construct a receiver 
operating characteristic (ROC) curve. Area under the 
ROC curve (AUC) was used as an accuracy index for 
evaluating the diagnostic performance. The sensitivi-
ty, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) were then deter-
mined.  

The Cox proportional hazards model was used 
to identify independent prognostic factors and to es-
timate their effects on PFS adjusted for covariates. 
Kaplan–Meier survival curves based on serum an-
nexin A3 levels were calculated and compared using 
the log-rank test. All statistical tests were two-tailed 
with a significance level set at 5%. 

Results 
Development and performance of an annexin 
A3 chemiluminescence immunoassay 

For the development of the annexin A3 chemi-
luminescence immunoassay, we screened several 
commercially available annexin A3 antibodies for 
detection of annexin A3 standards. Antibody A (cap-
ture antibody) and antibody B (detection antibody) 
exhibited the highest antigen-antibody binding speci-
ficity, based on the largest correlation coefficient of 
the standard curve and the highest signal to noise 
ratio (SNR, the light intensity ratio of maximum value 
and zero value standard proteins), of 0.9982 and 19.56, 
respectively (Supplementary Table S2). Based on 
these results, this antibody pair was selected for de-
velopment of the chemiluminescence immunoassay 
kit.  

The calibration curve (0.1–1.6 ng/mL) of the 
chemiluminescence immunoassay exhibited the fol-
lowing coefficient of linear correlation: γ2 = 
0.9996[log(Y) = 5.2262+1.0388log(X)]. The minimum 
detection limit was 0.08 ng/mL (RLU of 20 parallel 
zero value standards was 11520.45, mean = 6948.60, 
SD = 2285.93). Serial dilution of serum samples, add-
ing annexin A3 with levels of 1.25 ng/mL produced 
linearity (γ2 =0.9988; Supplementary Figure S1). The 
detection limit was 0.1–1.6 ng/mL (Supplementary 
Table S3).  

The intra- and inter-assay variability was exam-
ined using two pooled serum samples with average 
annexin A3 levels of 1.6 and 0.8 ng/mL, respectively. 
The mean intra- and inter-assay coefficients of varia-
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tion were 5.92–8.63% and 5.15–6.42%, respectively 
(Supplementary Table S4). 

Distribution of serum annexin A3 levels 
The distribution of serum annexin A3 levels in 

healthy women, and in patients with benign and ma-
lignant ovarian epithelial tumors is shown in Table 1. 
In 113 healthy women, annexin A3 levels exhibited a 
similar normal distribution (Z = 0.723, P = 0.673 > 
0.05), with a normal cutoff of 0.11–1.45 ng/mL (mean 
± 1.96 SD).  

Patient characteristics and prognosis 
EOC patients (n=89) were referred to the PUMC 

Hospital between September 2009 and April 2012. The 
demographic and clinical characteristics of the study 
population are shown in Table 2. The median age of 
patients was 55 years (range, 19–83 years), with a 
pretreatment Gynecologic oncology group (GOG) 
performance status of 0–1 (83.2%). Clinically, 71.9% of 
EOCs were serous cell type and 47.2% were classified 
as tumor grade 3. Twenty-eight patients (31.5%) were 
given neoadjuvant chemotherapy. The majority of 
patients (77.5%) received optimal cytoreduction sur-
gery with the residual tumor ≤ 1 cm. 

Twenty-seven recurrences and two deaths were 
identified within a median follow-up period of 14 
months (range, 7–39 months). The median PFS was 10 
months (95% confidence interval (CI), 11.3–13.2 
months). Four patients exhibited disease progression 
during the chemotherapy period and were defined as 
refractory. Seventeen patients experienced recurrent 
disease in under 6 months and were defined as plat-
inum resistant. Ten patients experienced relapse after 
more than 6 months. Fifty-eight patients remained 
progression free. In total, there were 21 plati-
num-resistant cases and 68 platinum-sensitive cases. 

Influence of debulking surgery on serum an-
nexin A3 levels 

Among the 89 enrolled patients, 28 patients 
(FIGO stage III–IV) received a combination of neoad-
juvant chemotherapy, debulking surgery, and adju-
vant chemotherapy, while the remaining 61 patients 
received a combination of debulking surgery plus 
adjuvant chemotherapy. Among these 61 cases, we 
evaluated the effect of debulking surgery on annexin 
A3 levels in 45 patients. Annexin A3 levels assessed 
pre-operatively (pretreatment) and post-operatively 
were 1.43±1.19 ng/mL(range 0.43-4.55ng/mL) and 
1.86±1.06 ng/mL (range 0.4-4.32ng/mL) respectively 
(p=0.226). Serum annexin A3 levels (post-operatively) 
in patients who received optimal and suboptimal 
debulking were 1.53±1.28 ng/mL and 1.95±0.91 
ng/mL, respectively (p=0.394). 

Ability of serum annexin A3 levels to predict 
platinum resistance 

 Univariate analysis, which included age, GOG 
performance status, histology, tumor grade, disease 
staging, residual disease size, and serum annexin A3 
levels, revealed that residual disease and serum an-
nexin A3 levels were associated with platinum re-
sistance (Table 3, P < 0.05). Other variables, including 
age, tumor grade, histology, or staging did not appear 
to have a significant association with platinum re-
sistance. Multivariate analysis revealed that residual 
disease (p=0.036) and serum annexin A3 levels 
(p=0.004) were both independent factors associated 
with platinum resistance (Table 4).  

 

Table 1. Serum annexin A3 level distribution 

 Healthy women 
(n=113) 

Ovarian benign 
tumor (n=70) 

Epithelial ovrian 
cancer (n=89) 

Age, year    
 median 47 37.5 55 
 range 17-78 16-79 19-83 
Annexin A3 level, 
ng/mL 

   

 range 0.15-1.54 0.04-1.79 0.20-6.18 
 mean 0.78 0.76 1.51 
 SD 0.34 0.50 1.19 

 

Table 2. Patient demographic and clinical characteristics (n=89) 

Characteristic No. % 
Age, year   
Median 55 
range 19-83 
GOG performance 
status  

  

 0-1 74 83.2% 
 2-3 15 16.8% 
Stage   
Ⅰ 6 6.7% 
Ⅱ 12 13.5% 
Ⅲ 65 73.0% 
Ⅳ 6 6.7% 
Histology   
Serious 64 71.9% 
Mucinous 6 6.7% 
Clear cell 4 4.5% 
Endometrioid 6 6.7% 
Others 9 10.1% 
Tumor grade   
1 12 13.5% 
2 27 30.3% 
3 42 47.2% 
Not available 8 9.0% 
Neoadjuvant chemo-
therapy 

  

yes 28 31.5% 
no 61 68.5% 
Residual tumor, cm   
≤1cm 69 77.5% 
>1cm 20 22.5% 
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Table 3. Univariate analysis of platinum resistance related factors 
(log-rank test) 

Variables No % Exp(B) (95% CI) P 
age  0.997(0.958~1.038) 0.893 
 median 55   
staging    0.878 
Ⅰ+Ⅱ 18 20.2% 1  
Ⅲ+Ⅳ 71 79.8% 1.102 (0.320~3.799)  
GOG performance status     0.785 
 0-1 74 83.2% 1  
 2-3 15 16.8% 1.235 (0.768-2.576)  
histology    0.096 
serious 62 69.7% 1  
Mucinous+clear cell 10 11.2% 3.429 (0.867~13.562) 0.079 
other 17 19.1% 0.457(0.093~2.244) 0.335 
grade    0.352 
1 12 13.5% 1  
2 27 30.3% 0.857(0.175~4.206) 0.849 
3 42 47.2% 0.706(0.155~3.217) 0.653 
Not available 8 9.0% 3.000(0.447~20.153) 0.258 
Residual tumor    0.000 
≤1cm 69 77.5% 1  
>1cm 20 22.5% 7.211 (2.384~21.814)  
Serum annexin A3 level 
(ng/mL) 

   0.004 

median 1.20 1.849(1.214~2.814)  
 

ROC curves were constructed to verify the ca-
pacity of serum annexin A3 levels to predict platinum 
resistance (Figure 1). The AUC was 0.733 (95% CI, 
0.677–0.775). The optimal cutoff value of annexin A3 
levels was 2.05 ng/mL. The sensitivity and specificity 
were 61.11% and 80.88%, respectively; positive pre-
dictive value (PPV) and negative predictive value 
(NPV) were 45.8% and 88.7%, respectively. 

All variables considered as potential prognostic 
factors (i.e., age, GOG performance status, tumor 
grade, histology, residual tumor size, and serum an-
nexin A3 levels) were included in a Cox proportional 
hazards multivariate regression model for 
pre-assessment. Age, GOG performance status, and 
histology and tumor grade were excluded secondary 
to lack of independent association with clinical out-
comes. The final model included annexin A3 levels 
and residual disease size. Higher annexin A3 levels 
(p=0.016) and residual disease size > 1cm (p=0.002) 
were both associated with poor PFS (Table 5). Ac-
cording to the optimal annexin A3 cutoff value (2.05 
ng/mL), patients were divided into high- and 
low-level groups. The median PFS of high- and 
low-level groups was 11.5 and 14 months, respec-
tively.  

Table 4. Multivariate analysis of platinum-resistance-related factors (log-rank test) 

Serum annexin A3 test Annexin A3 expression in tissue (IHC) 
Variables n % OR (95% CI) P Variables n % OR (95% CI) P 
Annexin A3 
level  

   0.036  Annexin A3 
expression 

   0.005 

median 
(ng/mL) 

1.20 1.648 (1.034~2.626)   Low 67 75.3 1  

      high 22 24.7 5.992 
(1.735~20.694) 

 

Residual tumor    0.004 Residual tumor    0.000 
≤1cm 69 77.5 1  ≤1cm 69 77.5 1  
>1cm 20 22.5 5.509 (1.719~17.647)  >1cm 20 22.5 9.598 

(2.761~33.357) 
 

 
 
 

 
Figure 1. Receiver operating characteristic (ROC) curves of annexin A3 levels in predicting platinum resistance. A. Serum annexin A3 levels were 
examined using the chemiluminescence immunoassay kit (area under curve (AUC)=0.733, the cut-off value was 2.05 ng/mL); B. Immunohistochemical 
analysis of annexin A3 expression in tumor tissues (AUC=0.664, the cut-off value was ‘>=moderate scores’). 
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Ability of tissue annexin A3 levels to predict 
platinum resistance 

IHC analysis of annexin A3 protein expression in 
annexin A3-positive cancers revealed that expression 
was predominantly localized in the perinuclear area 
(Figure 2). Among the 89 EOC patients, 38 (42.7%) 
were scored as negative (−) for annexin A3 expres-
sion, 30 (33.7%) exhibited weak scores (+), 15 (16.9%) 
exhibited moderate scores (++), and 6 (6.7%) exhibited 
strong scores (+++). Negative and low scores were 
classified as “low expression”, while moderate and 
strong scores were classified as “high expression” 

(Table 6). Multivariate logistic analysis revealed that 
annexin A3 protein expression (P=0.005) and residual 
tumor size (P=0.000) had a significant influence on 
platinum resistance. The AUC of ROC curve (Figure 
1) of annexin A3 protein expression was 0.664 (95% 
CI, 0.554–0.763) and the cut off value was “moderate 
scores”. The sensitivity, specificity, PPV, and NPV 
were 42.86%, 82.35%, 58.82%, and 87.18%, respec-
tively. Multivariate Cox analysis revealed that an-
nexin A3 protein expression (P=0.001) and residual 
tumor size (P=0.000) had a significant influence on 
PFS.  

 

Table 5. Multivariate analysis of prognostic factors on progression-free survival (PFS) 

Serum annexin A3 test Annexin A3 expression in tissue (IHC) 
Variables n % OR (95% CI) P Variables n % OR (95% CI) P 
Annexin A3     0.016  Annexin A3     0.001 
median (ng/mL) 1.20  1.364(1.060~1.756)   low 67 75.3% 1  
      high 22 24.7% 3.355(1.638~6.872)  
Residual tumor    0.002 Residual tumor    0.000 
≤1cm 69 77.5% 1  ≤1cm 69 77.5% 1  
>1cm 20 22.5% 3.313 (1.5617.030)  >1cm 20 22.5% 4.151(2.009~8.576)  

 
 

Table 6. Immunohistochemical analysis of annexin A3 in platinum-sensitive and platinum-resistant patients 

Annexin A3   Platinum sensitive (n=68) Platinum resistant (n=21) P 
n % n % n % 

Low expression 68 75.3% 56 82.4% 12 57.1% 0.017 
High expression 21 24.7% 12 17.6% 9 42.9% 

  
 

 

 
Figure 2. Immunohistochemical staining of annexin A3 in ovarian cancer tissues (400×). A, negative scores (−); B, weak scores (+); C, moderate scores 
(++); and D, strong scores (+++). 
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Discussion 
Annexin A3 is a member of the annexin family, 

which are calcium-dependent phospholipid-binding 
proteins. The annexins participate in a diverse range 
of physiological activities including anti-coagulation, 
anti-inflammation, endocytosis and exocytosis, signal 
transduction, cell proliferation, differentiation, and 
apoptosis[15-17]. Annexin A3 is one of the least stud-
ied family members and to date, little is known about 
its function. Up-regulation of annexin A3 has been 
shown to promote the development of colorectal ad-
enocarcinoma[18] and pancreatic carcinoma[19], and 
to facilitate lymph node metastases of lung adenocar-
cinoma[20] and hepatocarcinoma[21], while 
down-regulation of annexin A3 was negatively cor-
related with development of prostatic carcinoma[12] 
and renal carcinoma[22]. Until now, however, few 
studies have investigated the association of annexin 
A3 expression and chemoresistance in ovarian cancer 
patients. Thoenes et al. showed that annexin A3 was 
up-regulated in chemo-resistant prostatic cancer fol-
lowing metronomic cyclophosphamide therapy, both 
in vitro and in vivo[23], in keeping with our previous 
study in ovarian cancer[9,10]. 

In this study, we developed a chemilumines-
cence immunoassay kit to detect peripheral blood 
annexin A3 protein levels in 113 healthy women, 70 
patients with benign ovarian tumors, and 89 patients 
with EOC. Annexin A3 protein could be detected in 
the peripheral blood of each group, further validating 
that annexin A3 is a secreted protein. In this study, we 
determined the cut-off for normal annexin A3 serum 
levels from 113 healthy women (upper limit 1.45 
ng/mL). Annexin A3 levels were significantly higher 
in EOC patients compared with patients with benign 
ovarian tumors or healthy women, while levels in 
healthy women and patients with benign ovarian 
tumors were not significantly different.  

In our previous study, an ELISA kit was used to 
detect annexin A3 levels in peripheral blood from 
ovarian cancer patients[10]. However, this was a ret-
rospective study, in that the platinum-resistant or 
platinum-sensitive status of patients was known at 
the start of the study. In this study, to exclude poten-
tial selection and information bias, we used a pro-
spective research method. Patients were included 
before treatment was commenced, and treatment and 
prognosis information was subsequently collected, 
increasing the reliability of the study. 

The key objective of this study was to explore 
whether annexin A3 protein levels could predict 
platinum resistance in EOC patients. Theoretically, it 
is reasonable to choose postoperative serum annexin 
A3 levels as the baseline. While among the 89 enrolled 

patients, 28 patients received neoadjuvant chemo-
therapy before debulking surgery. It is therefore crit-
ical to determine whether tumor load (i.e. tumor 
debulking) affects annexin A3 levels. In the remaining 
61 patients who received debulking surgery plus ad-
juvant chemotherapy, we assessed annexin A3 levels 
preoperatively (pretreatment) and postopertively 
(before chemotherapy) in 45 patients. We found that 
annexin A3 remained the same level pre- and 
post-operation. Serum annexin A3 level was not af-
fected significantly by tumor debulking. We also as-
sess serum annexin A3 levels in patients who received 
optimal and suboptimal debulking. In the suboptimal 
group, annexin A3 levels were higher, while there 
was no statistical difference between these two groups 
(p=0.394). It seemed that annexin A3 was not a bi-
omarker related significantly to the tumor load. Fi-
nally, among the 89 patients, 28 (39.4% of FIGO III–IV 
patients in our study) had received neoadjuvant 
chemotherapy before surgery, therefore pretreatment 
serum annexin A3 levels were selected as the baseline 
to further exclude the effect of chemotherapy.  

Of the 89 patients, 68 were platinum sensitive 
(76.4%) and 21 were platinum resistant (23.6%). Se-
rum annexin A3 exhibited moderate diagnostic value 
(AUC=0.744), with high specificity (80.88%) and neg-
ative predictive value (88.7%), while the diagnostic 
sensitivity and PPV was low (61.11% and 45.8%, re-
spectively). Our study demonstrated that optimal 
debulking and annexin A3 levels were both inde-
pendent factors related to platinum resistance and 
PFS. We speculate that annexin A3 is not secreted by 
the majority or is secreted in small amounts of tumor 
cells, and it may be the unique nature of a small pro-
portion of tumor cells, which are platinum resistant. 

In this study, we also investigated whether tissue 
annexin A3 levels, as assessed by IHC, were capable 
of predicting platinum resistance. While tissue an-
nexin A3 levels were also an independent predictor of 
platinum resistance, the serum test is more rapid, 
convenient, and accurate. First, serological samples 
are much easier to obtain from patients and may be 
collected before surgery and treatment; while tumor 
tissue cannot be obtained until surgery. Second, se-
rum annexin A3 levels may be quantitatively detected 
in a one-step method, and our self-developed chemi-
luminescence immunoassay kit has high sensitivity, 
good reproducibility, and dilution linearity. In con-
trast, the immunohistochemical assay procedure was 
complicated, and immunostaining results were more 
subjective and semi-quantitative[14]. Third, the di-
agnostic accuracy of the two methods differed. The 
chemiluminescence immunoassay method exhibited 
higher AUC of the ROC curve (0.773 vs 0.664) and was 
more accurate. Therefore, the use of a serological 
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chemiluminescence immunoassay method is superior 
to IHC analysis in tumor tissue. 

A number of shortcomings are associated with 
our study. First, the sample size is small, particularly 
the number of patients in the platinum-resistant 
group (n=21). Future studies will aim to expand the 
patient cohort for increased statistical confidence. 
Second, neither the serum-based method (our 
self-developed chemiluminescence immunoassay kit) 
nor the IHC were sensitive enough. As indicated, an-
nexin A3 is a member of the Ca2+ and phospholip-
id-binding annexin family and participates in a di-
verse range of physiological activities. Thus, annexin 
A3 is not only secreted by tumor cells, but also by 
human normal tissues. Annexin A3 was expressed at 
low levels in EOC tumors tissue. Indeed, in our study, 
68 patients (76.4 %) exhibited low annexin A3 expres-
sion. Thus, annexin A3 was not a sufficiently sensitive 
marker (by serum-based methods or IHC) to predict 
platinum resistance. Future studies should aim to 
investigate additional platinum-resistance biomarkers 
identified in our previous study[8] that may be used 
in combination with annexin A3 to increase the sensi-
tivity of the method. 

In conclusion, annexin A3 is a secreted protein 
whose levels may be measured in peripheral blood 
using our self-developed chemiluminescence immu-
noassay kit. Serum annexin A3 levels may be a po-
tential predictor of platinum resistance in EOC pa-
tients. 
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