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Correlation between preoperative serum levels of five 
biomarkers and relationships between these biomarkers and 

cancer stage in epithelial overian cancer

Jongyun Hwang, Sunghun Na, Hyangah Lee, Dongheon Lee

Department of Obstetrics and Gynecology, Kangwon National University Medical School, Chuncheon, Korea

Objective: To examine the correlation among the preoperative serum levels of five biomarkers presumed to be useful 
for early detection of epithelial ovarian cancer and evaluate the relationships between serum levels of these five 
biomarkers and epithelial ovarian cancer stage.
Methods: We analyzed 56 newly diagnosed epithelial ovarian cancer patients. Preoperative serum levels of leptin, 
prolactin, osteopontin (OPN), insulin-like growth factor-II, and CA-125 were determined by ELISA. We also exa-
mined the correlation between the serum levels of the biomarkers and ovarian cancer stage. Significant differences in 
the mean serum levels of two proteins, leptin and CA-125, were observed between stage subsets.
Results: There was a significant negative correlation between prolactin and leptin and a significant positive correlation 
between prolactin and OPN. Of the five biomarkers, only the mean serum CA-125 level showed a significant positive 
correlation with cancer stage (Spearman ρ=0.24, p＜0.01). OPN showed a marginally significant positive correlation 
with stage (Spearman ρ=0.14, p=0.07). 
Conclusion: We demonstrated the relationship between five biomarkers in epithelial ovarian cancer. These tumor 
markers may be useful in screening for ovarian cancer, in characterizing disease states, and in developing therapeutic 
interventions targeting these marker proteins. Large-scale studies that include potential confounding factors and 
modifiers are necessary to more accurately define the value of these novel biomarkers in ovarian cancer.
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INTRODUCTION

Ovarian cancer is the leading cause of death from gyneco-
logical malignancy in most developed countries, although it is 
still relatively infrequent in developing countries. In the USA, 
ovarian cancer is the fifth leading cause of cancer-related 
death among women and is the leading cause of gynecological 
cancer deaths, accounting for nearly 16,000 deaths in 2008.1

The high mortality rate of ovarian cancer is attributable 
mainly to the lack of effective screening and the dearth of 
symptoms and signs in the early stages. Indeed, only about 
20% of patients are diagnosed when the tumor is still confined 
to the pelvic cavity. In these stage I or II patients, the 5-year 

survival rate ranges from 70 to 95%, depending on the stage 
and grade of tumor differentiation.2,3 In contrast, the 5-year 
overall survival rate of patients diagnosed beyond stage III is 
less than 20%.4 Although recent advances in treatment have 
slightly improved survival, the overall survival rate of ovarian 
cancer has not increased significantly over the last 20 years. 
Therefore, the most reasonable strategy for improving the 
survival rate of ovarian cancer patients is to develop effective 
early detection techniques.
A recent study characterized a panel of four biomarkers, lep-

tin, prolactin, osteopontin (OPN), and insulin-like growth 
factor-II (IGF-II), associated with stage I and II ovarian cancer, 
with 95% sensitivity and 94% specificity for ovarian cancer 
detection. These results are better than those obtained with 
other currently available tests. Leptin, prolactin, OPN, and 
IGF-II were selected as biomarkers because they are all related 
to the normal physiology of the ovaries, and show significant 
differences in expression between healthy individuals and 
ovarian cancer patients.5

The levels of expression of these biomarkers are maintained 
by a delicate balance between each of the cellular components 
of the ovary in physiologic conditions. In the process of ovar-
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Table 1. Characteristics of patients (N=56)

Age at diagnosis, yr Mean 62.7 (range, 21-78)
21-30 2 (3.6%)
31-40 3 (5.4%)
41-50 5 (8.9%)
51-60 15 (26.8%)
61-70 21 (37.5%)
71-80 10 (17.8%)

Stage
I 10 (17.8%)
II 5 (8.9%)
III 31 (55.5%)
IV 10 (17.8%)

Histology
Serous carcinoma 29 (51.8%)
Endometrioid carcinoma 7 (12.5%)
Mucinous carcinoma 10 (17.8%)
Clear cell carcinoma 1 (1.8%)
Brenner tumor 2 (3.6%)
Mixed carcinoma 4 (7.1%)
Undifferentiated 1 (1.8%)
Unclassified 2 (3.6%)

ian carcinogenesis, the development of abnormal cells may al-
ter and disrupt this intercellular communication, resulting in 
the abnormal expression of these biomarkers. We hypothe-
sized that there may be interrelations between these bio-
markers in the context of ovarian cancer. The aberrant ex-
pression of these biomarkers may occur not only in the proc-
ess of tumorigenesis, but also during tumor progression and 
metastasis.
In the present study, we used enzyme-linked immuno-

sorbent assays (ELISAs) to evaluate the correlation between 
the mean serum levels of the four biomarkers mentioned 
above and of CA-125, a well-known ovarian cancer tumor 
marker, in ovarian cancer patients. We also examined the cor-
relation between these biomarkers and the ovarian cancer 
stage. 

MATERIALS AND METHODS

1. Patient population and serum specimen collection
The serum samples used in this study were collected at 

Kangwon National University Hospital (Chuncheon, Kang-
won, Korea) between 1 June 2001 and 31 May 2008. The study 
group included women newly diagnosed with epithelial ovar-
ian cancer. The eligibility criteria for inclusion were as fol-
lows: untreated, newly diagnosed epithelial ovarian cancer, 
availability of samples prior to surgical intervention, and age 
18 years or older. Patients with a previous history of ovarian 
or fallopian tube cancer; other cancer diagnosed within the 5 
years prior to sample collection; or currently undergoing che-
motherapy with evidence of ovarian, fallopian, or primary per-
itoneal carcinoma were excluded. Informed consent was ob-
tained according to the guidelines of our hospital Institutional 

Review Board. Of the 56 patients with epithelial ovarian can-
cer, 15 and 41 patients were diagnosed with stage I/II and 
stage III/IV disease, respectively. Data regarding diagnosis, 
staging, and histology were acquired by reviewing the medical 
records. The clinical and histological characteristics of the pa-
tients are summarized in Table 1.
Peripheral blood samples were collected preoperatively from 

women who were scheduled for surgery due to a suspicious 
pelvic mass, at the Department of Obstetrics and Gynecology 
of Kangwon National University Hospital. The time interval 
between serum specimen collection and surgery ranged from 
1 to 35 days. Of the 438 samples collected between June 2001 
and May 2008, 56 samples were classified as newly diagnosed 
epithelial ovarian cancer and were included in this study 
(stages I-IV and patient age, 21 to 78 years). Peripheral blood 
samples (10 ml) were obtained from each individual. The se-
rum was separated by centrifugation at 800×g for 10 min, div-
ided into aliquots, and stored at −80oC in the serum bank at 
Kangwon National University School of Medicine until 
analysis. 

2. Serum analysis by ELISA
Serum analyses were performed using ELISA kits for each 

of the five analytes (Diagnostic Systems Laboratories, 
Webster, TX; Assay Designs, Ann Arbor, MI, USA), accord-
ing to the respective manufacturer’s instructions. The results 
were read on a Sunrise microplate absorbance reader (Tecan, 
Durham, NC, USA) with appropriate baseline correction for 
each assay. The concentrations were determined using a line-
ar standard curve constructed by plotting the mean absorb-
ance against known concentrations of reference standards for 
each marker.

3. Statistical analysis
The Kruskall-Wallis test was used to compare the pre-

operative mean serum levels of each biomarker between stage 
subsets. For the biomarkers that showed statistically sig-
nificant differences, the Mann-Whitney U test was used for 
multiple comparisons among the individual stage subsets. 
ANOVA with post hoc analysis was not performed because the 
relatively small number of patients in the stage I, stage II, and 
stage IV subsets makes it invalid in this study.
Correlation between the five biomarkers was assessed using 

Pearson’s correlation analysis. Biomarkers that showed sig-
nificant correlation were analyzed by linear regression to de-
termine the working relationships between the biomarkers. 
The Spearman correlation coefficient was used to determine 
the correlation between the serum levels of the biomarkers and 
the cancer stage, determined according to the International 
Federation of Gynecology and Obstetrics (FIGO) criteria. 
SPSS ver. 10.1.3 (SPSS Inc., Chicago, IL, USA) was used for 
data management and all statistical analyses. All results are 
given as two-tailed p-values, and p＜0.05 was considered stat-
istically significant.
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RESULTS

1. Serum levels of five biomarkers
We used ELISAs to analyze the concentrations of five protein 

biomarkers (leptin, prolactin, OPN, IGF-II, and CA-125) in 
serum samples from 56 untreated epithelial ovarian cancer 
patients. This subset of proteins was selected for the analysis 
because they show significant differences in expression be-
tween healthy individuals and ovarian cancer patients, and be-
cause they have been proposed as novel markers used in com-
bination for the early detection of ovarian cancer. Fig. 1 shows 
the mean serum levels of the five biomarkers according to can-

cer stage. The serum level of CA-125 increased consistently 
with stage. However, the other four biomarkers (leptin, pro-
lactin, OPN, and IGF-II) showed no consistent correlation 
with stage.

2. Comparison of mean serum levels by stage
We compared the mean serum level of each biomarker 

among the four stage subsets. For the biomarkers that 
showed statistically significant differences, multiple compar-
isons among the individual stage subsets were performed. As 
shown in Table 2, two proteins (leptin and CA-125) showed 
a significant difference in mean serum level between stage 

Fig. 1. Schematic of the mean biomarker levels by FIGO stage. 
Only the serum level of CA-125 showed a consistent increase 
with stage.
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Table 3. Pearson’s correlation coefficient between 5 biomarkers

Leptin Prolactin OPN IGF-II CA-125

Leptin 
  CC 1 −0.182* −0.022 0.102 −0.125
  Significance 0.021 0.779 0.197 0.116
Prolactin 
  CC −0.182* 1 0.195* 0.061 0.133
  Significance 0.021 0.014 0.442 0.093
OPN 
  CC −0.022 0.195* 1 −0.020 0.072
  Significance 0.779 0.014 0.798 0.363
IGF-II 
  CC 0.102 0.061 −0.020 1 0.109
  Significance 0.197 0.442 0.798 0.217
CA-125
  CC −0.125 0.133 0.072 0.028 1
  Significance 0.116 0.093 0.363 0.722

OPN: osteopontin, IGF-II: insulin-like growth factor-II, CC: correla-
tion coefficient.
*Correlation is significant at the 0.05 level (2-tailed).

Table 4. Correlation between biomarkers and stage

Leptin Prolactin OPN IGF-II CA-125

Stage
  CC −0.089 0.032 0.143 −0.104 0.242*
  Significance 0.262 0.685 0.070 0.189 0.002

OPN: osteopontin, IGF-II: insulin-like growth factor-II, CC: correla-
tion coefficient.
*Correlation is significant at the 0.01 level (2-tailed).

Table 2. Biomarker levels by FIGO stages (mean±SD)

Biomarker
FIGO stage

I (N=10) II (N=5) III (N=31) IV (N=10)

Leptin, ng/ml 10.5±13.2 3.9±5.9 8.9±14.2* 6.5±16.2
Prolactin, ng/ml 41.5±42.8 88.5±57.1 68.7±56.4 79.9±81.4
OPN, ng/ml 4.4± 5.9 1.5±4.4 7.6±9.5 1.7±3.6
IGF-II, ng/ml 285.9±292.4 175.1±184.3 177.9±174.6 151.4±159.5
CA-125, IU/ml 4.5±5.8 13.1±32.6 29.6±50.9*,† 37.0±65.9*,†

OPN: osteopontin, IGF-II: insulin-like growth factor-II.
*p＜0.05, compared to stage II, †p＜0.05, compared to stage I.

subsets. The mean levels of leptin at each stage were 10.5± 
13.2 (stage I), 3.9±5.9 (stage II), 8.9±14.2 (stage III), and 6.5± 
16.2 ng/ml (stage IV); the mean level at stage III was signi-
ficantly higher than that at stage II. The mean serum levels of 
CA-125 were 4.5±5.8 (stage I), 13.1±32.6 (stage II), 29.6± 
50.9 (stage III), and 37.0±65.9 IU/ml (stage IV), with the levels 
at stages III and IV being significantly higher than those at 
stages I and II. The other three biomarkers (prolactin, OPN, 
and IGF-II) showed no significant differences between stage 
subsets.

3. Correlations between the five biomarkers
Pearson’s correlation analysis was performed to determine 

whether there were correlations between the serum levels of 
biomarkers in epithelial ovarian cancer patients. There was a 
significant negative correlation between prolactin and leptin 
and a significant positive correlation between prolactin and 
OPN. No significant correlation was found between any of the 
other biomarkers (Table 3). Linear regression analysis of the 
biomarkers that showed statistically significant correlation 
revealed a low degree of correlation for each pair (prolactin 

and leptin, r2=0.033; prolactin and OPN, r2=0.038) (Fig. 2).

4. Relationships between mean serum levels of biomar-
kers and epithelial ovarian cancer stage

Fifty-six cases of epithelial ovarian cancer were analyzed using 
Spearman’s correlation analysis to determine the relationships 
between cancer stage and the serum levels of the five bio-
markers. As shown in Table 4, among the five biomarkers 
examined, only CA-125 showed a definite significant positive 
correlation with stage (Spearman ρ=0.24, p＜0.01). OPN 
showed a marginally significant positive correlation with stage 
(Spearman ρ=0.14, p=0.07). Thus, the serum levels of CA-125 
and OPN showed an increasing trend with higher cancer stage. 
The other three biomarkers (leptin, prolactin, and IGF-II) 
showed no significant correlation with cancer stage.

DISCUSSION

A woman’s estimated risk of developing ovarian cancer in 
her lifetime is 1 in 70 or 1.4%.1 Unfortunately, no fully effec-
tive mass screening method for early ovarian cancer has yet 
been developed. The currently available methods, such as ab-
dominal and transvaginal ultrasonography, color flow Dop-
pler, and CA-125, are not specific enough for detecting early, 
treatable ovarian cancer through population screening.6 

Therefore, the disease is detected at an advanced stage in most 
patients, being confined to the ovaries at diagnosis in fewer 
than 30% of cases. The lack of effective screening tools is one 
of the main reasons for the poor prognosis of this disease. 
Therefore, the development of a sensitive and specific method 
for early detection of ovarian cancer is a priority as a means of 
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Fig. 2. Linear regression curves between the biomarkers that showed significant correlations on Pearson’s correlation analysis. (A) Prolactin 
and leptin. (B) Prolactin and osteopontin.

improving the treatment outcome of this disease. 
Currently, one of the most common screening tests for epi-

thelial ovarian cancer involves the use of biomarkers. Bio-
markers have been applied in the management of epithelial 
ovarian cancer in several different ways, including predicting 
primary disease at an early stage, distinguishing malignant 
from benign pelvic masses, monitoring responses to treat-
ment, and estimating prognosis. A number of proteins pres-
ent in either blood or urine have been identified as specific 
markers for epithelial ovarian cancer.7-9 Among them, CA-125 
has attracted the most attention to date. However, no single 
protein has provided adequate sensitivity and specificity as a 
screening biomarker. A recent study using four biomarkers 
(leptin, prolactin, OPN, and IGF-II) indicated 95% sensitivity 
and 94% specificity for ovarian cancer detection, which are 
higher than those of other currently available tests.5

In this study, we analyzed the serum levels and relationships 
between five biomarkers, i.e., leptin, prolactin, OPN, IGF-II, 
and CA-125, in epithelial ovarian cancer. These proteins were 
selected as early detection markers for two reasons. First, they 
showed significant differences in expression between healthy 
individuals and epithelial ovarian cancer patients.5 The serum 
levels of prolactin, OPN, and CA-125 were significantly high-
er in epithelial ovarian cancer patients, whereas the other two 
biomarkers (leptin and IGF-II) were the opposite. Second, 
most of these proteins showed anti-apoptotic or proliferative 
effects on ovarian cancer cells.10-14

All five biomarkers evaluated in the present study have been 
suggested as potential tumor markers by other research 
groups, although they have not been tested previously as a set. 
Leptin is a 16-kDa hormone secreted as a product of the ob 
gene. Leptin showed consistent angiogenic and proliferative 
potential in an in vitro study but presented a complex and para-
doxical picture in a clinical study.11 Several reports have docu-
mented an association between cancer risk and higher leptin 
levels, as measured prospectively.15,16 Normal or elevated lep-

tin levels have been documented in analyses of individuals 
performed ＞1.5 y before the detection of colorectal or breast 
cancer. However, serum leptin levels measured at the time of 
diagnosis in patients with gastrointestinal and other cancers 
were lower than the control levels.17 Thus, the levels of leptin 
in serum may be significantly affected by the timing of serum 
collection relative to disease onset. Leptin signaling is trans-
duced mainly by the signaling pathway that involves signal 
transducer and activator of transcription (Jak/STAT), mi-
togen-activated protein kinase (MAPK), and phosphoinosi-
tide 3-kinase (PI3K).18

Prolactin was originally defined as a peptide hormone that 
stimulates lactogenesis; it is secreted by the anterior pituitary 
gland. A number of recent studies have shown that prolactin 
is an important hormone/growth factor in female repro-
ductive organs, including the ovaries. In addition, it is pro-
duced in breast, prostate, and colorectal cancers, where it is 
involved in the progression of these cancers in an auto-
crine/paracrine manner.19 Prolactin receptor mRNA is found 
in most ovarian cancer cell lines and inhibits apoptosis of 
ovarian cancer cells in vitro.10 This anti-apoptotic effect is 
mediated by stimulation of the PI3K-Akt pathway and is also 
associated with Bcl-2 family proteins in human breast cancer 
cells.20

OPN is a 44-kDa glycophosphoprotein present in all body 
fluids, extracellular matrix components, and the proteina-
ceous matrix of mineralized tissues. OPN was shown to be 
over expressed in tumors and serum of women newly diag-
nosed with an ovarian tumor.13 OPN levels are also elevated in 
breast, prostate, lung, colon, pancreatic, and ovarian cancers 
and in multiple myelomas.21 The IGFs are polypeptides that 
are important in cellular proliferation, differentiation, and 
apoptosis. They are regulated by a family of binding proteins 
(IGFBPs), six of which have been identified to date, that can 
both attenuate and stimulate the mitogenic effects of the IGFs 
by controlling type I IGF receptors. The expression of the 
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IGF-II gene is associated with the development of breast, co-
lon, and prostate cancers. In addition, IGF-II expression is ele-
vated in ovarian cancer in comparison with normal ovarian 
tissues. Accumulating evidence implicates IGFs in carcino-
genesis and tumor progression.22 CA-125 is a tumor-asso-
ciated antigen, identifiable by the highly specific murine mon-
oclonal antibody IgG1 OC 125, that is present in more than 
80% of ovarian cancer patients and in only 1% of healthy 
women. It is currently the most commonly used single ovarian 
cancer tumor marker. 
In the present study, we reviewed the correlations between 

preoperative serum levels of these biomarkers in ovarian 
cancer. Previous reports on the relationships between tumor 
markers in ovarian cancer have been confined to the relation-
ships between CA-125 and other tumor markers.23 Our study 
is of value because it provides information about the relation-
ships between diverse potential biomarkers in ovarian cancer. 
This study showed a significant negative correlation between 
prolactin and leptin, and a significant positive correlation be-
tween prolactin and OPN, although neither correlation was 
strong (r2=0.033 and r2=0.038, respectively). At present, it is 
difficult to explain the biological basis for these correlations, 
and it is possible that they are incidental. However, because 
these potential biomarkers of ovarian cancer showed sig-
nificant changes in serum levels during carcinogenesis, there 
may be an underlying pathophysiological relationship be-
tween them. Interestingly, the serum concentrations of pro-
lactin and leptin were negatively correlated, yet they share the 
same signal transduction pathway, the PI3K-Akt pathway. 
The only other biomarker correlation was the positive correla-
tion between prolactin and OPN levels. In contrast to our re-
sults, a previous study documented a significant relationship 
between serum levels of OPN and CA-125 in ovarian cancer 
patients (Spearman ρ=0.31, p＜0.01).24

Only CA-125 showed a significant positive correlation with 
cancer stage (Spearman ρ=0.24, p＜0.01). Our result corre-
sponds well with those of previous studies on CA-125. 
Elevated overall CA-125 levels have been found in 75 to 90% 
of ovarian cancer patients, and elevated serum CA 125 levels 
were present in 51, 71, 91, and 98% of patients with FIGO 
stage I, II, III, and IV tumors, respectively.25-28 This suggests a 
positive correlation between the preoperative serum CA-125 
level and the FIGO stage. In the case of OPN, there was a mar-
ginally significant correlation with cancer stage in our study 
(Spearman ρ=0.14, p=0.07). Serum OPN is thought be de-
rived from the primary tumor or the ovarian stroma in ovarian 
cancer, because the serum level of OPN is higher before de-
bulking surgery compared with the level during the post-
operative period. In addition, a previous study indicated that 
the serum OPN level was significantly correlated with the 
bulk of diseased tissue in ovarian cancer.24 As there are sig-
nificant correlations between tumor size and stage and be-
tween tumor size and OPN in ovarian cancer,29 it is likely that 
there is a meaningful relationship between OPN and the can-

cer stage. Further studies are necessary to characterize this 
relationship.
None of the other three biomarkers, leptin, prolactin, and 

IGF-II, showed a significant correlation with stage. As noted 
above, controversy remains regarding the association be-
tween serum leptin levels and the onset of disease, and there 
are no published data addressing this putative relationship. 
The association between the serum level of IGF-II and ovarian 
cancer is also complicated, because the effects of IGF-II are 
regulated mainly through the paracrine or autocrine system in 
local tissues, rather than via an endocrine function, and be-
cause the serum level of IGF-II is markedly affected by IGFBP. 
Our paper has several limitations, including its retrospective 

nature and small sample size. Diagnostic accuracy, including 
sensitivity, specificity, positive predictive value (PPV), and 
negative predictive values (NPV) of each biomarker and in 
combination was not assessed. Because this study was done 
retrospectively, comparable normal control group necessary 
to evaluate the validity of biomarkers was unavailable. But, 
there are some previous studies validating the diagnostic ac-
curacy of these biomarkers. According to Visintin et al., none 
of the above biomarkers by themselves were significant 
enough to differentiate healthy versus cancer cells. However, 
the combination of the these biomarkers provided a better dif-
ferentiation than CA-125.30 In another study, the combina-
tion of 6 biomarkers (5 biomarkers mentioned above and 
macrophage inhibitory factor) yielded 95.3% sensitivity and 
99.4% specificity.31 
Within these limitations, however, our study showing the 

relationships between five biomarkers in epithelial ovarian 
cancer is meaningful. We assumed that the presence of abnor-
mal cells may alter and disrupt the intercellular communica-
tion, which is maintained by a delicate balance between each 
of the cellular components of the ovary. We tried to find out 
whether there is consistent interrelation between biomarkers 
in the context of ovarian cancer. The biomarkers identified in 
this study may not only represent factors produced by the tu-
mor, but also represent the organ’s response to the presence 
of neoplastic cells. Significant levels of biomarkers could only 
be detected in peripheral blood at later stages of tumor devel-
opment; however, the body is able to recognize and respond to 
early stages of the tumorigenicity. In this sense, we attempted 
to ascertain the correlation between the biomarkers and ovar-
ian cancer stage. Larger scaled further studies are needed to 
explore these interrelations more definitely.
In summary, we demonstrated the relationships between 

five biomarkers in epithelial ovarian cancer. A great deal re-
mains to be determined regarding the relationships and puta-
tive oncogenic roles of these five biomarkers in epithelial 
ovarian cancers. These tumor markers may be useful in 
screening for ovarian cancer, in characterizing disease states, 
and in developing therapeutic interventions targeting these 
marker proteins.
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