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Abstract

Purpose: To investigate the ferritin distribution in epithelial ovarian cancer
patients according to the FIGO stage in the prognosis of epithelial ovarian
cancer. Method: All ovarian cancer patients were divided into two groups ac-
cording their FIGO stage. Benign ovarian tumor patients were analyzed as the
control. Serum ferritin, serum iron, and other related medical index were de-
tected by automatic instruments for all patients. In addition, ferritin heavy
chain (FHC) and ferritin light chain (FLC) proteins were detected by immu-
nohistochemical staining in 60 epithelial ovarian cancer (EOC) patients and
30 benign ovarian tumor (BOT) patients, which were diagnosed in our de-
partment between 2011 and 2016. Results: The serum ferritin concentration
was significantly higher in the EOC group than in the BOT group (172.56 +
99.39 ng/mL vs 78.18 + 43.06 ng/mL; p < 0.001). The average concentration of
serum iron was slightly lower in the EOC group than in the BOT group (11.11 £
5.68 umol/L vs 14.92 + 6.36 pmol/L; p < 0.01). In addition, FHC and FLC
proteins were highly expressed in EOC patients and localized at least in the
cytoplasm and nucleus. Quantitative data of the FHC or FLC expression
showed a significant increase in the average optical density in the benign ova-
rian tumor group compared with the FIGO I-II stage ovarian cancer group (p <
0.01 and p < 0.01, respectively) as well as in the FIGO I-II stage ovarian cancer
group compared with the FIGO III-IV stage ovarian cancer group (p < 0.05
and p < 0.05, respectively). In addition, FHC and FLC positive rates of 81.7%
and 76.7%, respectively, were found in the ovarian cancer group; the FLC pos-
itive rate in the FIGO I-II stage ovarian cancer group was lower than in the
FIGO III-IV stage ovarian cancer group (58.3% vs 86.1%; p < 0.05); and the
FHC positive rate in the FIGO I-II stage ovarian cancer group was lower
than in the FIGO III-IV stage ovarian cancer group (70.8% vs 88.9%), but this

*Authors contributed equally.
*Corresponding authors.

DOI: 10.4236/ym.2018.22006

Jun. 11, 2018

51 Yangtze Medicine


http://www.scirp.org/journal/ym
https://doi.org/10.4236/ym.2018.22006
http://www.scirp.org
https://doi.org/10.4236/ym.2018.22006
http://creativecommons.org/licenses/by/4.0/

J.P.Jiang et al.

difference was not statistically significant (p > 0.05). Conclusion: Patients
showed an overexpression of ferritin and a downregulation of serum iron
correlated with the prognosis of epithelial ovarian cancer, which may be a new
target for diagnosis and treatment of epithelial ovarian cancer.
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1. Introduction

Ferritin is a multimeric globular protein of approximately 450 kDa constituted
by 24 subunits of the proteins ferritin heavy chain (FHC) and ferritin light chain
(FLC), assembled in a nanocage with a central cavity where up to 4500 iron
atoms can be stored [1]. Under normal conditions, ferritin can store intracellular
iron in a non-toxic and readily available form, and it often plays an important
role as major antioxidant molecule and has been long recognized to be essential
in maintaining the cellular redox status [2] [3]. Recent studies have shown that a
high expression of ferritin plays an important role in tumor invasion, tumor
growth, and chemotherapeutic drug resistance [1] [4]. For example, Connor et
al (2015) pointed out that ferritin inhibits the death of breast cancer cells in-
duced by oxidative stress [5]. In 2011, they found that ferritin (H chain) siRNA
increases the chemotherapeutic effect of carmustine on the DNA damage of
gliomas [6]. Faniello ef al (2011) found that cell proliferation, cell invasion, and
protein expression were significantly reduced when the ferritin gene was si-
lenced by proteomic analysis of MM07m melanoma cells. Observation of their
tumor growth capacity in vivo, the injected with FHC-silenced MMO07(m) cells
mice showed a remarkable 4-fold reduction compared to those who received the
FHC-unsilenced MMO07(m) counterpart [7].

Epithelial ovarian cancer is a serious gynecological with high mortality. More
than 50% of the patients relapse and produce chemotherapeutic drug resistance,
and the treatment of recurrent resistant ovarian cancer is rather difficult in clin-
ic. It has been reported that patients with ovarian cancer exhibited iron defi-
ciency, anemia, and an increased ferritin concentration [4] [8] [9] [10] [11]. In
addition, studies have shown that ferritin is expressed extracellularly in serum
plasma as well as intracellularly in the cytoplasm, nucleus, mitochondria, and
other cell compartments [1] [2] [3] [9] [10] [11] [12]. In this study, we investi-
gated the ferritin distribution in clinical epithelial ovarian tumor patients ac-
cording to the FIGO stage, striving to provide more laboratory references for the

diagnosis and treatment study of ovarian cancer.

2. Material and Methods
2.1. Cases and Groups

The present study is a retrospective, observational trial performed after approval
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by the ethics committee of The First Affiliated Hospital of Yangtze University.
Ninety cases were selected from clinically diagnosed cases in The First Affiliated
Hospital of Yangtze University between August 2011 and August 2016. The pa-
tients were divided into two groups: the first group contained 60 cases with epi-
thelial ovarian cancer (46 serous adenocarcinoma and 14 mucinous adenocarci-
noma) and the second group contained 30 cases of epithelial benign tumors as
control (24 serous cystadenoma and 6 mucinous cystadenoma).

Inclusion criteria: 1) All cases had protopathic diseases and were pathologi-
cally examined to be epithelial ovarian cancer or epithelial ovarian benign tu-
mors; 2) Patients were assessed at diagnosis before receiving any cancer treat-
ment; 3) Operation notes were complete and sufficiently distinct to obtain the
clinicopathological stage in accordance with the 2015 International Federation of
Gynecology and Obstetrics (FIGO) standards of ovarian cancer. Available tissues
of patients should be kept in our pathology department; 4) Essential information
and laboratory test results were fully documented. Exclusion criteria: 1) Evi-
dence of infections, chronic inflammatory disease, active bleeding, hemolysis,
renal insufficiency, or hypothyroidism; 2) Known history of hematologic dis-
orders, family history of thalassemia or hemocromatosis; 3) Treatment with
Erythropoietin; iron or blood transfusion in the preceding 12 weeks; current

iron, vitamin B12, or folate supplementation.

2.2. Hematological Data Acquisition

Parameters directly collected from previous medical records include red blood
cell (RBC), hemoglobin (HB), mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), serum iron concentration, the liver enzymes alanine aminotransferase
(ALT) and aspartate transaminase (AST), the kidney health indicator blood urea
nitrogen (BUN), and albumin (ALB). Serum ferritin and cancer antigen 125
(CA125) were additionally examined using the saved blood samples collected at
the time of the preoperative examinations and kept at —80°C until sampling. Se-
rum ferritin and CA125 were detected by the Cobas 6000 analyzer (Roche Diag-
nostics GmbH, Germany) and the corresponding kit (Roche Diagnostics GmbH,

Germany).

2.3. Immunohistochemical Staining

Four-pm thick paraffin-embedded, formalin-fixed slides of de-identified human
tissues were deparaffinized, and high-temperature heat pressure antigen retrieval
(120°C, 120 kPa) was performed by tissue incubation in 0.01 mol/L citrate buffer
(pH = 6.0) for 3 min. The sections were then incubated with 5 ug/mL ferritin
heavy chain (FHC) antibodies (ab65080, Abcam, Cambridge, United Kingdom)
and 5 ug/mL ferritin light chain (FLC) antibodies (ab69090, Abcam, Cambridge,
United Kingdom) at 4°C overnight and analyzed with an horseradish perox-
idase-conjugated compact polymer system using DAB as the chromogen. The
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sections were then counterstained with hematoxylin and mounted with DPX.

2.4.Image Analysis

Imaging of immunohistochemically (IHC) stained tissue was performed using
the imaging system HMIAS-2000W (Wuhan Champion Image Technology Co.,
Ltd., Wuhan, China) and the Olympus BX41 microscope (Olympus Corpora-
tion, Japan), and the positive rate and average optical density were calculated
from the images.

Positive criteria: protein expression was assessed by scoring the percentage of
the labelled cells. FHC and FLC expressions were quantified using a visual grad-
ing system based on the proportion of staining (percentage of positive tumor
cells graded on a scale from 0 to 3: 0, none; 1, 1% - 30%; 2, 31% - 60%; 3, >60%)
and the intensity of staining (graded on a scale of 0 to 3: 0, none; 1, weak stain-
ing; 2, moderate staining; 3, strong staining). The product PI = P x I of propor-
tion (P) and intensity (I) of the staining ranged between 0 and 9 and was ob-
tained as a combined parameter for each spot. For statistical analysis, a PI score
of 0 - 3 was considered as negative expression and a PI score > 3 was considered
as positive expression [13]. Determination of the average optical density: three
images of the oncocytic area with 100x magnification were randomly obtained
from every IHC section to quantify the average optical density (AOD) using the
Image-Pro Plus 6.0 software, and the AOD data were visualized in a box plot
created by the Origin 8.5 software (OriginLab, Northampton, MA, USA).

2.5. Statistical Analysis

Continuous data are expressed as mean * standard deviation (S.D.), and differ-
ences between two groups were compared by Student’s t-test. Differences in the
positive rates were analyzed using chi-square tests. Continuity correction
chi-square tests were performed for contingency values between 1 and 5, while
Pearson’s chi-square test was performed for contingency values larger than 5.
Values of p < 0.05 were considered statistically significant. Computations were
performed using SPSS version 19.0 (International Business Machines Corpora-
tion, New York City, United States of America).

3. Results

3.1. Ovarian Tumor Patients Clinical Characteristics and Their
Serum Ferritin Analysis

All 90 ovarian tumor patients were treated in our hospital. Among these pa-
tients, 30 patients with an age range of 20 - 71 years (average 45.10 + 15.05) had
benign ovarian tumors (BOT), and 60 patients with an age range of 25 - 75 years
(average 52.18 + 9.79) had epithelial ovarian cancer (EOC). From the blood
samples of ovarian cancer patients, ferritin blood levels and other clinical cha-
racteristics were analyzed in parallel. These other clinical characteristics involved

the patients’ age, red blood cell counts, the liver enzymes alanine aminotransfe-
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rase (ALT) and aspartate transaminase (AST), the kidney health indicator blood
urea nitrogen (BUN), albumin (ALB), the ovarian cancer marker cancer antigen
125 (CA125), and the serum iron level.

Benign ovarian tumor patients and ovarian cancer patients exhibited differ-
ences in various parameters, except for blood urea nitrogen (BUN). For exam-
ple, the red blood cell (RBC) counts among ovarian cancer groups were 3.93 +
0.47 x 10%/L, which was significantly smaller than the counts of 4.26 + 0.61 x
10"*/L in the benign ovarian tumor groups (p < 0.01; Table 1). The average con-
centration of hemoglobin (HB) was significantly lower in the EOC group than in
the BOT group (114.12 * 15.68 g/L vs 122.68 + 15.13 g/L; p < 0.05). In contrast,
erythrocyte mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentration (MCHC) showed no
significant differences between the two groups. The average concentrations of
ALT and AST in the two groups were normal, while the EOC group showed a
slightly higher value than the BOT group (p < 0.05 and p < 0.01, respectively).
The concentration of ALB was significantly lower in the EOC group than in the
BOT group (p < 0.05). The average concentration of BUN was lower in the EOC
group than in the BOT group, but this difference was not statistically significant
(p=0.074).

Evidently, the average concentration of the ovarian cancer marker CA125 was

Table 1. Ovarian tumor patients clinical characteristics.

Variable Benign Ovarian Tumor Ovarian Cancer T »
(n =30) (n =60)
Number 30 60
Age, years (range) 45.10 + 15.05 52.18 £9.79 2342 0.024*
(20-71) (25-75)
HB, g/L 122.68 + 15.13 114.12 + 15.68 2.470 0.015*
RBC, x10"/L 4.26 £ 0.61 3.93+047 2.779 0.007**
MCV, fL 88.35+7.41 88.49 +£4.93 0.100 0.921
MCH, Pg 29.03 £2.80 29.06 +1.97 0.052 0.958
MCHC, g/L 328.47 £10.70 328.40 £ 11.33 0.027 0.979
ALT, U/L 10.30 £ 7.86 14.50 £9.19 2.140 0.035*
AST, U/L 18.13 £ 4.17 23.8£10.04 2.961 0.004**
BUN, mmol/L 5.01 +£1.78 4.41+£1.29 1.806 0.074
ALB, g/L 44.83 £9.70 41.80 +4.38 2.046 0.044*
CA125, U/mL 17.91 +14.97 255.64 + 246.45 5.264 0.000**
Serum ferritin,
ng/mL 78.18 £ 43.06 172.56 +99.39 6.272 0.000**
Serum iron, umol/L 14.92 + 6.36 11.11 £ 5.68 2.883 0.005**

Results are considered significant for values of p < 0.05* and highly significant for p < 0.01**. Abbrevia-
tions: HB: hemoglobin; RBC: red blood cell; MCV: mean corpuscular volume; MCH: mean corpuscular
hemoglobin; MCHC: mean corpuscular hemoglobin concentration; ALT: alanine aminotransferase; AST:
aspartate transaminase; BUN: blood urea nitrogen; ALB: albumin; CA125: cancer antigen 125.
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much higher in the EOC group than in the BOT group (255.64 + 246.45 U/mL
vs 17.91 + 14.97 U/mL; p < 0.01). Similarly, the level of serum ferritin, one of the
storage forms of iron, was significantly higher in the EOC group than in the
BOT group (172.56 + 99.39 ng/mL vs 78.18 + 43.06 ng/mL; p < 0.001). In con-
trast, the average concentration of serum iron was slightly lower in the EOC
group than in the BOT group (11.11 £ 5.68 umol/L vs 14.92 *+ 6.36 pmol/L; p <
0.01), and this difference was statistically significant (Table 1).

3.2. Evaluations of Secreted Serum Ferritin and Serum Iron in
Ovarian Cancer Patients According to the FIGO Clinical Stage

As mentioned above, the serum ferritin level was increased, and the serum iron
level was decreased in the EOC group. To further ascertain the levels of secreted
serum ferritin and serum iron in EOC patients with different FIGO clinical stag-
es, the patients were divided according their FIGO stage into two groups with
either FIGO stage I-II or III-IV (Table 2). The average concentration of serum
ferritin calculated for the EOC group with FIGO stage III-IV was higher than
that for the group with FIGO I-II stage (188.76 + 102.11 ng/mL vs 148.27 +
91.92 ng/mL). The average concentration of serum iron of the group with FIGO
stage III-IV was lower than that of the group with FIGO stage I-II (10.25 + 5.66
pmol/L vs 12.39 + 5.58 pmol/L). Furthermore, the average concentration of HB
for the FIGO III-IV stage group was lower than for the FIGO I-II stage group
(112.34 + 15.46 g/L vs 116.80 £ 15.96 g/L), and the average concentration of
RBC in the FIGO III-IV stage group was slightly lower than in the FIGO I-II
stage group (3.89 + 0.49 x 10"%/L vs 4.00 * 0.45 x 10'*/L). All of these data show
a difference between the FIGO III-IV and I-II stage groups of EOC patients, al-
though the difference of none of the examined parameters was statistically sig-
nificant (p > 0.05). In contrast, the average concentrations of MCV, MCH, and
MCHC in the FIGO III-IV and I-II stage groups were nearly identical and did
not show any significant differences (Table 2).

Table 2. Evaluations of serum ferritin and serum iron in ovarian cancer patients accord-
ing to their FIGO clinical stage.

FIGO stage
Variable T )4
I-1I (n = 24) III-IV (n = 36)

Serum ferritin, ng/mL 148.27 +91.92 188.76 + 102.11 1.565 0.123
Serum iron, umol/L 12.39 £5.58 10.25 + 5.66 1.438 0.156
HB, g/L 116.80 + 15.96 112.34 + 15.46 1.078 0.285
RBC, x10"%/L 4.00 £ 0.45 3.89 £0.49 0.865 0.391
MCV, fL 88.20 £2.94 88.68 £5.93 0.368 0.714
MCH, Pg 29.05 * 1.60 29.06 +£2.21 0.021 0.983
MCHC, g/L 329.50 + 14.86 327.67 £ 8.35 0.549 0.587

Abbreviations: FIGO: International Federation of Gynecology and Obstetrics; HB: hemoglobin; RBC: red
blood cell; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpus-
cular hemoglobin concentration.
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3.3. Expression of Ferritin and Its Subtype Positive Rate
According to the Ovarian Cancer FIGO Clinical Stage

To investigate the expression of ferritin and its subtype positive rate, the two fer-
ritin subtypes ferritin heavy chain (FHC) and ferritin light chain (FLC) were de-
tected by immunohistochemical methods in benign ovarian tumor and epithelial
ovarian cancer patients. As shown in Figure 1, FHC and FLC were highly ex-
pressed in EOC patients and were localized in the cytoplasm and nucleus. The
average optical density was obtained and analyzed, which revealed that the ex-
pressions of FHC and FLC in the EOC group was increased compared with the
BOT group: the average optical density of FHC in the BOT group was 0.172 +
0.051, whereas values of 0.241 + 0.077 and 0.277 + 0.057 were determined for the
FIGO I-II and III-IV stage EOC groups, respectively, which presents a statisti-
cally significant gradual increase (t = 3.815, p < 0.01 and t = 1.944, p < 0.05, re-
spectively). In addition, the average optical density of FLC in the BOT group was
0.163 + 0.042, whereas values of 0.220 + 0.089 and 0.265 + 0.063 were deter-
mined for the FIGO I-II and III-IV stage EOC groups, respectively, which also
presents a statistically significant gradual increase between these groups (t =
2.928, p<0.01 and t = 2.117, p < 0.05, respectively; Figure 1).

Furthermore, the positive rates of FHC and FLC were calculated according to
the ovarian cancer FIGO clinical stage. As shown in Table 3, the positive rates of
FHC and FLC in the EOC group were 81.7% and 76.7%, respectively. The posi-
tive rate of FHC in the FIGO III-IV stage EOC group was higher than that in the
FIGO I-II stage group (88.9% vs 70.8%), but this difference was not statistically
significant. The positive rate of FLC in the FIGO III-IV stage EOC group was
higher than that in the FIGO I-II stage EOC group (86.1% vs 58.3%), and this
difference was statistically significant (p < 0.05; Table 3).

4. Discussion

Ferritin can be expressed in its intracellular iron cargo protein form or its extra-
cellular form of secreted ferritin [1] [2] [3]. High expression of ferritin in cancer
tissue plays an important role in tumor invasion, tumor growth, and chemothe-
rapeutic drug resistance, and secreted ferritin could be detected in the serum and
was considered as tumor marker [4]-[12]. However, some studies demonstrated
the characteristics of the ferritin distribution in epithelial ovarian tumor pa-
tients. To the best of our knowledge, the present study is the first to show that
patients show ferritin overexpression and serum ion downregulation as the tu-
mor grows, which presents a potential new target for diagnosis and treatment of
epithelial ovarian cancer.

The present study evaluates the prevalence of cancer-related anemia in a large
cohort of oncology patients with cancers of the ovaries. For example, our data
showed that both the red blood cell (RBC) count and the average concentration
of hemoglobin (HB) were significantly decreased among ovarian cancer groups

compared with benign ovarian tumor groups. MCV, MCH, and MCHC showed
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Figure 1. Ferritin heavy chain (FHC) and ferritin light chain (FLC) proteins were highly expressed in epithelial
ovarian cancer patients and benign ovarian tumor patients. (a) Immunohistochemistry images of FHC and
FLC expression (original magnification, x100). The inset shows the magnification of the red rectangular region.
Black scale bars represent 200 pm. (b) Average optical density of panel A (*p < 0.05, **p < 0.01).

no significant differences between the two groups. In addition, the average con-
centration of the liver enzymes ALT and AST in the two groups were normal
while the EOC group showed a slightly higher concentration than the BOT
group. In contrast, the concentration of albumin (ALB) was lower in the EOC
group than in the BOT group. Anemia and nutrition deficiency in oncology pa-
tients is often considered a side effect of cancer therapy [8], and our study sup-
ported that anemia and nutrition deficiency may occur in ovarian cancer pa-
tients before any antineoplastic treatment.

We found that the serum iron concentration decreased with the tumor
growth. We hypothesized that the tumor has an intrinsic need for iron, and
some evidence supports this hypothesis. Some studies showed that cancer tissue
usually has an increased iron uptake and a decreased iron release and usually

exhibits an iron deficiency in the serum and an iron overload within the tumor
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Table 3. Ferritin subtype expression positive rate according to the ovarian cancer FIGO
clinical stage.

FHC FLC
Variable Positive, Negative, x P Positive, Negative, x p
n (%) n (%) n (%) n (%)
Ovarian cancer 49 (81.7) 11(18.3) 46 (76.7) 14 (23.3)

Ovarian cancer (I-II) 17 (70.8) 7(29.2) 2.045 0.153 14(58.3) 10(41.7) 5.926 0.015
Ovarian cancer (III-IV) 32(88.9) 4 (11.1) 31(86.1) 5(13.9)

FIGO: International federation of gynecology and obstetrics. FHC: ferritin heavy chain; FLC: ferritin light
chain.

[1] [2]. Cancer antigen 125 (CA125) is a traditional marker for the diagnosis of
ovarian cancer. In the present study, a significant increase of CA125 was clearly
detected in the EOC groups. At the same time, serum ferritin, one of the storage
forms of iron, was analyzed and showed a similar increase in the EOC groups.
Some studies have demonstrated an increase of serum ferritin in ovarian cancer
patients [9] [10], which is consistent with our results. Furthermore, we calcu-
lated the concentration of serum ferritin for EOC patients with different FIGO
clinical stages. Our results showed that the increase of serum ferritin, the extra-
cellular form of secreted ferritin, is correlated with the prognosis of ovarian
cancer. In addition, we analyzed the expression of ferritin in its intracellular
form in epithelial ovarian tumor patients with immunohistochemical methods,
revealing a higher ferritin expression in ovarian cancer patients compared with
benign ovarian tumor patients. Analysis of the average optical density showed
that the expression of ferritin heavy chain (FHC) and ferritin light chain (FLC)
proteins in the EOC group gradually increased from BOT group, over FIGO I-II
stage EOC patients, to FIGO III-IV stage EOC patients. These results showed
that the expression of ferritin is positively correlated with tumor growth. As
mentioned above, recent studies revealed that the higher ferritin expression in
malignant tumors is related to myelodysplastic syndromes [14], cancer metasta-
sis [15] [16], drug resistance [5] [6], and poor prognosis [17]. The higher ferritin
expression determined in our study makes further investigations necessary to
elucidate the function of ferritin in different compartments of cancer cells.

5. Conclusion

Overall, we conclude that an abnormal distribution of ferritin was found in epi-
thelial ovarian cancer patients, and ferritin overexpression and serum iron
downregulation in epithelial ovarian cancer were consistent with the cancer
prognosis, indicating that ferritin may be a new target for diagnosis and treat-

ment of epithelial ovarian cancer.
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