
 

 
C

ur
re

nt
 P

ha
rm

ac
eu

tic
al

 B
io

te
ch

no
lo

gy

�������

�������

�	
�����

��
����������	��

�11�6��C%!$����
��11�6��%"C$#C�D

������	�������	
���	�������	
��

��
�������
���	����
���	���

	�����������	����	�	�����������	����	�

����������	������������	��

�	
�����

���	
�����

��

�*
�+,
-�+,'�6
���!"

����	
�

 

Robert Kiełabsiński1,*, Przemysław Kieszkowski2, Beniamin O. Grabarek3,4 and Dariusz Boroń4,3,5 

1Department of Obstetrics & Gynaecology ward, Health Center in Mikołów, Mikołów, Poland; 2Voivodeship Specialist 
Hospital in Wloclawek, Wloclawek, Poland; 3Department of Histology, Cytophysiology and Embryology, Faculty of 
Medicine, University of Technology, Zabrze, Poland; 4Department of Clinical Trials, Maria Sklodowska-Curie National 
Research Institute of Oncology Krakow Branch, Kraków, Poland; 5Department of Gynecology and Obstetrics with  
Gynecologic Oncology, Ludwik Rydygier Memorial Specialized Hospital, Kraków, Poland 

 Abstract: Background: A reduced concentration of adiponectin is considered as an independent factor 
of the risk of inducing endometrial cancer. Cisplatin is a drug used in the therapy of this type of neo-
plasm. However, knowledge of the effects of cisplatin on the adiponectin level is still limited. 

Objective: The purpose of this study was to assess the impact of cisplatin depending on the concentra-
tion and time of exposition of the cells to the drug on the adiponectin level in the endometrial cancer 
cell line. 

Methods: Cells of endometrial cancer cell line Ishikawa were exposed for 12,24 and 48 hour periods to 
cisplatin with the following concentrations: 2.5µM, 5µM, 10µM. The changes in the expression profile 
of adiponectin were compared to the RtqPCR reaction and ELISA test. The STATISTICA 13.0 PL 
program was used for statistical analysis (p<0.05). 

Results: In the culture without the drug, the concentration of adiponectin was statistically lower than in 
the cell culture incubated with the drug. Changes on the mRNA level seem to be more specific than on 
the protein level, although in both cases, the same trend in the expression changes was noted.  

Discussion: The longer the time of exposition of the cells to the drug, the expression of mRNA, and 
the adiponectin protein increased. Changes in the expression profile were characterized statistically 
(p<0.05). 

Conclusion: Cisplatin, in a noticeable way, changes the expression profile of adiponectin. Molecular 
analysis indicated that in the case of endometrial cancer therapy should be implemented with a concen-
tration of no less than 5 µM.  
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1. INTRODUCTION 

 Adiponectin takes part in the metabolism of glucose and 
lipids. It reveals many favorable effects, including a better 
sensitivity to insulin, stimulation of endothelial synthase of 
nitric oxide and most importantly, anti-inflammation activity. 
It plays a protective role against Non-Alcoholic Fatty Liver 
Disease (NAFLD) or diabetes, among others [1]. Adiponectin 
activity shows anti-inflammatory characteristics through an-
tagonizing the Tumor Necrosis Factor-alpha (TNF-α) and 
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interleukin 6 (IL-6) as well as stimulating the anti-
inflammatory effect of IL-10 [2]. 

 Discovering adiponectin, as an insulin-sensitizing pro-
tein, was connected with the reduction of the mRNA levels 
for the gene coding for adiponectin in obese people [3, 4]. 

 It was observed that the unlikely secretion of the men-
tioned protein is closely related to the interference of the 
metabolism of glucose. Its low concentration may be predis-
posed to fatten the liver and to cause advanced damage to  
the liver [5, 6]. One of the signaling pathways activated by 
adiponectin is the pathway dependant on the protein kinase 
activated by Adenosine Monophosphate (AMP), or AMPK. 
This kinase is characterized by the ability to restrain FAS, a 
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key enzyme with lipogenic activity, whose abnormal expres-
sion profile was noted in the colon, breast, prostate, and 
ovarian cancer. Other than that, AMPK causes phosphoryla-
tion, and additionally, activation of the TSC2 suppressor 
gene, which halts the transduction of the signal down the 
mTOR pathway. Abnormalities in the mentioned pathway 
were noted in the colon, breast, prostate, ovarian, liver, and 
lung cancer [7, 8]. 

 The induction of AMPK with the use of adiponectin also 
activates endothelial synthase of NO (eNOS) and increases 
the production of Nitric Oxide (NO). Activation of eNOS is 
also dependant on the kinase signaling of Akt(Akt) and its’ 
previous mediator 3-kinase phosphatidylinositol (PI-3K). 
The role of AMPK and activated by its signaling pathway in 
the context of angiogenesis is twofold. On the one hand, it 
promotes angiogenesis in vitro in answer to hypoxia, on the 
other hand, it stops the production of new blood vessels. Be-
cause of the fact that adiponectin stimulates the AMPK 
pathway, with which other signaling cascades are connected, 
the aforementioned molecular pathways could be potential 
mechanisms through which adiponectin regulates carcino-
genesis [7-11]. Nonetheless, however, according to many 
authors, our research is the first in which the level of adi-
ponectin will be evaluated solely in the endometrial cancer 
cell line Ishikawa model [12], and the effect of cisplatin on 
the expression profile of mRNA and adiponectin protein will 
also be analyzed. The cells engaged in the secretion of the 
discussed protein are body fat adipocytes [13, 14], therefore 
also determining its’ expression in endometrial cancer cells 
confirms that during the neoplastic transformation process, it 
leads to changes in the cell metabolism [15, 16]. For this 
reason as well, possibly, that changes on the adiponectin 
level during carcinogenesis happen not only because of 
changes in the secretion pattern of this protein by body fat 
cells that make up the tumor. The research carried out by us 
in this work is an important starting point for analyzing the 
expression profile of adiponectin in biopsies of endometrial 
cancer in in vivo conditions. 

 The sixth in the frequency of occurrence around the 
world, gynecological cancer is endometrial cancer, in which 
female patients are overweight or obese [17]. In the case of 
an advanced neoplastic process, chemotherapy is recom-
mended, with the use of cisplatin, among others [18]. The 
molecular aspect of the effect of this drug is connected with 
the induction of degradation of genetic DNA material, dam-
aging of mitochondria, induction of oxidation stress and hy-
poxia, as well as the effect on the signaling pathways con-
nected to apoptosis [18, 19]. 

 The purpose of the study was to examine the expression 
of adiponectin on the mRNA and protein levels depending 
on the concentration of cisplatin and exposure time of endo-
metrial cancer cells to the drug. 

2. MATERIALS AND METHODS 

2.1. Cell Line 

 The endometrial cancer cells obtained from the Ishikawa 
cell line (European Collection of Authenticated Cell Cultures 
(ECACC 99040201) were exposed to three different concen-
trations of cisplatin, mainly 2.5 µM, 5 µM, and 10 µM. They 

were incubated with the drug for 12, 24 and 48-hour periods 
and compared with untreated cells (a control). In this part of 
our study, the Minimum Essential Medium (MEM) was used 
dedicated for this cell line, to which 2 mM glutamine, 1% 
Non-Essential Amino Acids (NEAA), and 5% Fetal Bovine 
Serum (FBS) was added in accordance with the manufactur-
er’s protocol. Cells were incubated under conditions of a 
constant temperature of 37˚C and with a 5% CO2 enriched 
atmosphere. All reagents were obtained from Sigma Aldrich, 
St Louis, MO, USA. Cisplatin in individual concentrations 
was added to the cell culture 24 hours after the cells were 
seeded in six-well plates.  

2.2. Real-Time Quantitative Reverse Transcription Reac-
tion 

 The molecular analysis in our work has two stages. First, 
changes in the expression pattern of adiponectin under the 
influence of cisplatin were evaluated on the mRNA level 
using the real-time quantitative reverse transcription reaction 
(RTqPCR) with the use of the SensiFAST SYBR No-ROX 
One-Step Kit (Bioline, London, UK) according to the manu-
facture's protocol. In the thermal profile of this reaction, the 
following stages can be indicated: reverse transcription 
(45ºC for 10 min); polymerase activation (95ºC for 2 min); 
40 cycles including denaturation (95ºC for 5 s); annealing 
(60ºC for 10 s); and elongation (72ºC for 5 s). As an endoge-
nous control, β- actin (ACTB) was used. The oligonucleotide 
primers sequence for adiponectin was forwards: 5`-GTTT-
TATTGGTTTTAAGGGAGATAT-3`; reverse: 5`- TCCA-
ATCCCACACTAAATACTAAAC-3`, and for ACTB was as 
follows: forwards:5’-TCACCCACACTGTGCCCATCTA-
CGA-3’;Reverse:5’-CAGCGGAACCGCTCATTGCCAAT-
GG-3’. 

2.3. Enzyme-Linked Immunosorbent Assay ELISA 

 The second part of the molecular examination was asso-
ciated with determining the expression of adiponectin on the 
protein level by using the ELISA assay with the Adiponectin 
Human solid-phase sandwich Enzyme-Linked Immuno-
sorbent Assay ELISA Kit (Life Technologies Corporation, 
Invitrogen, USA; catalog number: KHP0041) used. The 
ELISA assay consists of the following stages: binding the 
antigen; adding a detector antibody; then adding IgG HRP, 
TMB substrate solution; and stopping the solution according 
to protocol. Next, the plate was read at 450 nm and a stand-
ard curve generated to determine what the concentration of 
adiponectin was in the analyzed samples. 

2.4. Statistical Analysis 

 The licensed version of the Statistica 13.0 PL (StatSoft, 
Cracow, Poland) was used in the statistical analysis with the 
use of the analysis of variance ANOVA assay, it was shown 
that the differences were statistically significant, the posthoc 
Tukey’s test was also conducted (p<0.05).  

3. RESULTS 

 Changes in the expression profile of adiponectin both on 
mRNA and protein level under the influence of cisplatin are 
shown in Table 1 and (Figs. 1 and 2). In Fig. (1) differences 
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in transcriptional activity of mRNA, adiponectin was shown 
as a log copy number of Adiponectin/1µg of total RNA due 
to large differences in the amount of transcript between indi-
vidual cisplatin concentrations. 

 The expression of adiponectin was statistically signifi-
cantly lower in the cells of cell line Ishikawa, which made up 
the control in our experiment when compared to the culture 
exposed to cisplatin. 

 With reference to the used concentration of 2.5 µM, cis-
platin can be observed on the mRNA level, and when the 
time of incubation of the cells with the drug is extended, the 
number of copies of the gene transcript of adiponectin grad-
ually increases. Other than this, statistical analysis confirms 
that the observed differences in the adiponectin level be-
tween certain incubation times are statistically interchangea-
ble. Additionally, on the protein level, it was found that there 
is a similar tendency for the expression pattern of adiponec-
tin to change, depending on the exposition time of the cells 
to the drug with a concentration of 2.5 µM. Nonetheless, it is 
worth noting that on the protein level when using the small-
est of the concentrations of cisplatin in this experiment, 
changes in the expression of adiponectin between the culture 
exposed to the drug compared to the control culture were 
irrelevant. Additionally, between certain times of incubation 
for the discussed concentration of the drug, no statistical 
similarities were determined, although a small tendency for 
the concentration of adiponectin to increase as long as the 
time of incubation for the endometrial cancer cells with cis-
platin is extended. 

 The utilization of a higher concentration of cisplatin, 
namely 5 µM, also led to changes in the expression profile of 
the analyzed protein appearing. It can be determined that the 
longer the time of exposition of the cells to the drug, the ex-

pression of adiponectin mRNA increases (p<0.05). In turn, 
by analyzing the expression of adiponectin on the proteome 
level, with the concentration of 5 µM of cisplatin, differ-
ences in the expression of this protein depending on the du-
ration of action of the drug on the cells are statistically sig-
nificant(p<0.05). In a visible and relative way, the concentra-
tion of adiponectin had a large increase with the use of the 
concentration of 5 µM of the drug when compared to the 
lower concentration of cisplatin, or the control culture. Fur-
ther increases in the dosage of the chemotherapeutic drug to 
10 µM, led to a maintained tendency for the level of adi-
ponectin to increase not only on the mRNA level but also on 
the protein level, which was already observed with lower 
concentrations of the drug used to stimulate the cells of the 
endometrial cancer cell line Ishikawa. However, it should be 
noted, that for the times of 12 and 24 hours, the level of the 
adiponectin protein remained on, in principle, the same level, 
with which the elongation of the incubation period to 48 
hours, caused an increase in the concentration of adiponectin 
by 1.581 ng/ml. 

4. DISCUSSION 

 Considering the fact that endometrial cancer is one of the 
most commonly found gynecological neoplasms in women 
in the postmenopausal age [17], it seems reasonable to 
search for the molecular basis behind the induction and de-
velopment of this sort of neoplasm. One of the key factors 
which substantially increases the risk of endometrial cancer 
developing is overweight or obese. When the Body Mass 
Index (BMI) ≥ 32 kg/m2, then this chance is 4 times higher 
than in women with a BMI of ≤ 23 kg/m2 [20]. Development 
in the oncological field, including in gynecological oncology 

Table 1. Variances in the level of adiponectin depending on both concentration and exposure time of the Ishikawa cell line to cis-

platin. 

The Concentration of  

Cisplatin [µM] 
Time [Hours] 

RTqPCR (Copy Number of Adiponectin/1µg of Total 

RNA 
ELISA Assay Adiponectin [ng/ml] 

Mean Standard Deviation Mean Standard Deviation 

Control (untreated cells) 7237 277 4.036 0.004 

2,5 

12 19108a 1248 4.669 0.001 

24 50185a,b 1526 4.776 0.003 

48 87253a,c,d 1330 4.801 0.002 

5 

12 367091a 9260 12.669a 0.001 

24 7348104a,b 146955 15.778a.b 0.001 

48 11486272a,c,d 263472 17.011a.d 0.011 

10 

12 54111854a 824578 20.007a 0.006 

24 273567904a,b 11284478 20.098a 0.001 

48 148687645a,c,d 7556148 21.679a.d 0.019 

a – statistically significant differences in the expression of adiponectin between cells exposed to cisplatin vs. control p<0.05. 
b – statistically significant differences in the expression of adiponectin between 12 vs. 24 hours exposition of cisplatin p<0.05. 
c – statistically significant differences in the expression of adiponectin between 24 vs. 48 hours exposition of cisplatin p<0.05. 
d – statistically significant differences in the expression of adiponectin between 12 vs. 48 hours exposition of cisplatin p<0.05. 
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Fig. (1). Changes in the expression profile of mRNA adiponectin depending on concentration and time of exposition of cisplatin. (A higher 
resolution/colour version of this figure is available in the electronic copy of the article). 
 

 
 

Fig. (2). Differences in the protein level of adiponectin depending on concentration and time of exposition of cisplatin. (A higher resolu-
tion/colour version of this figure is available in the electronic copy of the article). 
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conditioning, the development of effective diagnostic-
therapeutic strategies cannot be limited to the analysis of the 
changes in expression of these genes and the signaling path-
ways activated by them, which make up, among others, the 
gripping point for anti-cancer drugs. 

 Therefore, as part of this work, the expression profile of 
adiponectin was assessed, the protein whose secretion hap-
pens mainly in adipocytes, conditioned by remaining insulin-
sensitive [3, 4] in endometrial cancer cells of cell line Ishi-
kawa. Other than this, we analyzed if and how cisplatin, one 
of the chemotherapy drugs used in advanced forms of endo-
metrial cancer [18, 19] affects the expression profile of adi-
ponectin. 

 Firstly, based on the results obtained by us, it can be ob-
served that endometrial cancer cells are capable of adiponec-
tin expression, not only on the mRNA level but also on the 
protein level. Hyun-Seuk et al. based on the analysis carried 
out by themselves on a model of endometrial cancer, confirm 
the key role of adiponectin in the induction of the neoplastic 
transformation process [21]. They indicated, that adiponectin 
is an inhibitor of the proliferation of changed neoplastic 
cells, as well as increasing the concentration of LKB1 parti-
cles [21], which is necessary for activating the AMPK path-
way [7-11], through this also affecting the proliferation, ad-
hesion, and migration of neoplastic cells [21]. Observations 
made by Cai et al. confirm that adiponectin is a mediator 
between the signaling cascades of AMPK/mTOR/S6K1 and 
stops the proliferation and migration of endometrial cancer 
cells [22]. For this reason, in the second part of the experi-
ment carried out by us, we decided to analyze whether cis-
platin has an effect on the concentration profile of adiponec-
tin in an endometrial cancer cell culture. We also aimed to 
see if the effect of cisplatin on the level of adiponectin is 
dependant on the dosage of the drug used and/or the incuba-
tion time with the drug. Under the influence of the drug add-
ed to the culture, the level of adiponectin not only on the 
transcriptome level but also on the proteome level increased. 
However, as far as the increase in the dose of cisplatin is 
concerned (2.5 µM; 5 µM; 10 µM), the effect on the concen-
tration of adiponectin was more noticeable. The observed 
tendency for an increase suggests that systemic therapy with 
the use of cisplatin has an effect on the expression pattern of 
adiponectin. Therefore, it is possible, that the expected re-
gression in symptoms would be a result not only of the direct 
destructive actions of cisplatin on DNA or mitochondria [18, 
19], but also stopping the proliferation of neoplastic cells, 
would be a result of an increased level of adiponectin [7, 8, 
23]. It is worth noting that no matter the concentration of 
cisplatin and time of incubation for the cells with the drug, 
no possibility for a loss of an adequate response to treatment 
was observed, expressed by a drop in the level of adiponectin 
compared to its level with a shorter exposition time. This 
could indicate a relatively low risk of drug resistance con-
nected with cisplatin therapy because of endometrial cancer. 
Nonetheless, however, it is worth taking into account that the 
observations made in this study were done on an in vitro 
model. Chitcholtan et al. indicated that in the induction of 
drug resistance on anticancer drugs a key role is played by 
the microenvironment of the tumor, the different types of 
cells made by it, which are capable of secreting different 

types of biologically active compounds such as cytokines, 
growth factors, affecting the metabolism of neoplastic cells. 
They also pay attention to, that differences in conclusions 
about the possibility of a loss of answer to treatment appear-
ing such as cisplatin in the case of in vitro research are de-
pendant on the type of endometrial cancer cell line used. 
Simultaneously, however, they indicate the legitimacy and 
use of the used cell line for research about the therapeutic 
potential of anticancer drugs. Unfortunately, in their re-
search, they did not carry out analysis on cell line Ishikawa, 
which was used in our research [24]. Wang et al. analyzed 
the concentration of adiponectin, with the use of the ELISA 
technique, on a group of 53 female patients with a diagnosed 
endometrial cancer and compared it to a group of healthy 
women, which made up the control of the experiment. They 
observed a statistically significant (p<0.001) decrease in the 
level in the group with endometrial cancer (2.09 ± 1.24 
μg/ml) in comparison to the control (7.59 ± 2.29 μg/ml) [25], 
indicating the importance of the concentration of adiponectin 
simultaneously, as an independent molecular marker of the 
risk of developing endometrial cancer [25, 26]. In turn, 
Ciortea et al. judged the concentration of adiponectin in a 
coculture arrangement of cell line Ishikawa with Adipose-
derived Stem Cells (ASCs) as well as in the culture of only 
Ishikawa cells. Additionally, they determined the silencing 
of expression of adiponectin measured with the ELISA tech-
nique and compared to the control culture. In turn, in the 
endometrial cancer cell Ishikawa culture, they noted that in 
the lysate of the cell, the concentration of adiponectin on the 
level of around 4.5 ng/ml, and in the post-culture medium 
the level was around 3 ng/ml [27]. The resulting concentra-
tions of adiponectin obtained by them are concurrent with 
our observations in the unexposed to cisplatin culture. Anal-
ysis of the concentration of adiponectin not only in the en-
dometrial neoplasm but also during anti-neoplastic therapy is 
important because of the documented anti-angiogenic prop-
erties of adiponectin in vitro and in vivo [28, 29]. This could, 
therefore, be one of the main probable explanations for the 
silencing of the expression of adiponectin in endometrial 
cancer in comparison to the control, as through the develop-
ment of new blood vessels to neoplastic cells nutrients and 
oxygen are delivered [30]. In connection with the above, 
considering the results of changes in the concentration pro-
file of adiponectin observed by us with the observations of 
other researchers [27-30], a reasonable conclusion is that 
cisplatin is characterized by the anti-angiogenic mechanism 
of action. On the basis of obtained results in the context of 
this study, it can be determined, that the optimal effect of 
cisplatin is seen with concentrations no lower than 5 µM. 
Then, statistically significant differences in the concentration 
of adiponectin can be observed for the first time when com-
pared to untreated cells (control) [31]. Busch et al. in their 
research they used a concentration of 1 µg/ml of cisplatin, 
which is equal to 3,3 µM of cisplatin, and also Skolekova  
et al. used cisplatin of concentrations 0.5-8 µg/ml, wherein 
for further stages of the study on the breast cancer cell line 
they used a concentration of 1 µg/ml [32]. On the basis of 
this information, it can be inferred, that an effective pharma-
cotherapy of endometrial cancer can be carried out with the 
above doses of cisplatin. Other than that, the recorded ex-
pression profile of adiponectin when stimulating cells with 
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cisplatin at a concentration of 10 µM, suggests a stabilization 
in the working of cisplatin, as between the incubation times 
of 12 and 24 hours, differences on the protein level in adi-
ponectin were not statistically significant. Next, an increase 
in its expression of about 1.5 ng/ml can be observed. Fur-
thermore, it can be noticed that the analysis confirms how 
dynamic the changes are on the molecular level. It also 
seems that the transcriptome is a substance that reacts to 
changes quicker than the proteome, in which the changes in 
expression are more noticeable. Nonetheless, the analysis of 
the level of adiponectin on the mRNA level and the protein 
allows us to observe changes in the expression profile in two 
key points of the genetic information flow. Moreover, the 
methods of RtqPCR and ELISA used in our work to detect 
changes in the expression of the assessed factor confirmed 
the ability to assess the concentration of adiponectin with the 
use of fundamental, increasingly more available methods of 
molecular biology. In a substantial way, this increases the 
chances of using adiponectin in routine diagnosis, not only 
because it yields reliable results, which was confirmed by 
comparing our observations with observations of other re-
search teams. 

CONCLUSION 

 Cisplatin, in a significant way, changes the expression 
profile of adiponectin. Molecular analysis showed, that in the 
case of endometrial cancer therapy, one should start at a con-
centration no lower than 5 µM of the drug, it seems, that the 
appearance of drug resistance to cisplatin in the case of en-
dometrial cancer has a marginal meaning. 
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