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1 INTRODUCTION

Lung cancer has the highest mortality rate in cancers thus
representing a major healthcare problem worldwide. The
determination of some driver oncogene mutations can be
prognostic or predictive marker in the molecular pathology of
lung adenocarcinoma (ADC). The three generally known
components are epidermal growth factor receptor (EGFR),
mutation of Kirsten rat sarcoma viral oncogene homolog gene
(KRAS), and anaplastic lymphoma kinase (ALK) gene
arrangement. Since there are significant differences in the
prognosis of same stage ADC patients, further biomarkers are
urgently needed in this malignancy that facilitate early
detection and predict therapeutic efficacy.

The aim of our study was to investigate whether one or more
from the followings are of any significance in lung
adenocarcinoma: erythropoietin receptor (EPOR) expression,
level of circulating activin A (ActA) and follistatin (FST).

The erythropoietin (EPO) is a glycoprotein hormone,

produced mainly by the peritubular cells of the kidney and also
in smaller amounts by the liver. EPO controls erythropoiesis in
the bone marrow, stimulating the proliferation, differentiation
and it has also an anti-apoptotic effect. The human recombinant
form of EPO is widely used in the clinical practice to treat
tumor induced anaemia and kidney disease.
Its receptor is a 59 kDa glycoprotein transmembrane receptor,
member of the cytokine receptor superfamily. Detection of
EPOR on non-hematopoietic tissues indicates its pleiotrop
effect. The expression of EPOR are detected in various human
malignancies (also in NSCLC) and on the vascular components
in the tumor stroma by human and experimental studies. This
can also suggest that the EPO/EPOR signaling plays a
significant role in cancer cell proliferation, migration,
invasivity, and also regulates the angiogenesis.
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In our study we also investigated the molecule ActA, a member
of the TGF-beta superfamily. Multifunctional cytokines with
various cell functions, which is feasible by their complex
intracellular signaling pathways are included in this group. It
was discovered as a cytokine that enhances the biosynthesis
and secretion of follicle-stimulating hormone (FSH). It is
formed via the covalent intracellular dimerization of two
inhibin BA (IHNBA) subunits. Its receptors have
serine/threonine transmembrane domain and in addition of
SMAD intracellular signaling pathway the activation of several
alternative mechanisms are observed in different cell types.
Furthermore, there are numerous regulating mechanisms of
ActA signaling pathways. In our experiments we focused on
the FST, the well-known circulating antagonist of ActA.
However, ActA is also involved in a variety of biological
functions including control of cellular differentiation,
homeostasis of cell number and tissue architecture in multiple
organs. It can effect on the tumor cells and the stroma as well
and in tumoral environment it can regulate: inflammation,
fibrosis, and angiogenesis, attracting macrophages, nitric oxide
releasing, extracellular matrix protein and MMPs. In breast-,
liver- and colon cancer, activin signals were found to inhibit
tumor cell growth. The decreased levels of ActA were
demonstrated in the tumor tissue, just like the increased levels
of activin antagonists or the loss of functional activin receptors
or SMAD proteins. In contrast, the high ActA expression
increased the tumor cell aggressiveness in oral squamous cell
carcinoma, esophageal ADC and malignant pleural
mesothelioma. The expressions of ActA in clinical ADC
samples were investigated in two studies resulting conflicting
data.
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2 OBJECTIVES

Our aim was to evaluate the magnitude of EPO/EPOR and
ACtA/FST system and also investigate as prognostic and
diagnostic markers in lung adenocarcinoma.

1. Determine the EPOR expression and the in vitro effect of
rHUEPOo and gemcitabine treatment on the proliferation of
human lung adenocarcinoma cells.

2. Investigate the effect of rHUEPOo and gemcitabine
treatment on xenograft tumors.

3. Analyse the EPOR mMRNS expression levels of human
bronchoscopy samples and assess the correlation with
clinicopathological data. Investigate the EPOR level as
prognostic marker.

4. Study the ActA and FST secretion and activin receptor
expression and also analyse the effect of recombinant human
(rh) ActA and rhFST in vitro treatment on the proliferation and
migration of human lung adenocarcinoma cells.

5. Assess the circulating ActA, FST levels and the correlation
with clinicopathological data. Investigate the circulating ActA
and FST levels as diagnostic and prognostic markers.

6. Investigate the correlation of ActA level and KRAS
mutation status in lung adenocarcinoma.



3 METHODS

Patients

In our clinical experiments the EPOR expression was
determined in a total of 43 patients’ bronchoscopy samples
with stage I11-1V ADC. Circulating ActA and FST levels were
analysed in 64 blood samples of patients with ADC and in a
sex-, age- matched control kohort (n=46) without tumor. To
determine the ActA - KRAS status correlation, ActA level of
plasma samples of patients with ADC and known KRAS status
(n=34) were analysed.

Cell lines

For the in vitro and in vivo experiments Ab549, H1975, H358,
H1650 and HCC827 human adenocarcinoma cell lines, K562
and HUVEC as control cell lines, and the HepG2 cell line for
the activin A bioactivity test were used.

Drugs

In our in vitro and in vivo treatments the following drugs were
used: recombinant human erythropoietin-alfa, gemcitabine,
recombinant human activin A and recombinant human
follistatin.

In vitro experiments

The expressions of EPOR and activin receptors were measured
by real-time PCR in lung adenocarcinoma cell lines. The
secretions of ActA and FST in the cell lines’ supernatants were
analysed by ELISA kit, according to the guidelines of the
manufacturer. ActA and FST ELISAs were tested for
interference with rhFST or rhACctA, respectively. For the test of
ActA ELISA, freshly prepared human plasma samples were
treated with different doses of rhFST (2 ng/ml, 50 ng/ml, 100
ng/ml and control without treatment) and incubated for 2h at

4



37°C. In case of FST ELISA, the same procedure was
performed with rhActA treatment.

In case of rHUEPOa and gemcitabine treatments after 48 hours
incubation, cell growth was assessed by sulforhodamine B
(SRB) colorimetric assay. The in vitro effect of rhActA and
rhFST on the cell proliferation, after 72 hours incubation was
determined with EZ4U Kkit, according to the guidelines of the
manufacturer. The effects of rhActA and rhFST on the motility
of the cells were investigated with Scratch assay.

To test biologically activity of the ActA, secreted by ADC cell
lines, HepG2 cells were treated with the ADC cell lines’
supernatant. After 30 min incubation at 37°C, cells were
harvested in lysis buffer and the p-SMAD?2, total SMAD and
beta-actin was visualized by Western blot analysis.

In vivo experiments

Female SCID mice were subcutaneously inoculated with
H1975 tumor cells and treated with rHuEPOa, gemcitabine and
the combination of rHUEPOa and gemcitabine. Control group
was treated with saline. Tumor volumes were measured with a
caliper. Endothelial and tumor cell proliferation were measured
by 5-bromo-2’-deoxyuridine (BrdU), blood vessels and nuclei
were visualized with anti-mouse CD31 and TOTO-3. The
BrdU labeling index was determined by counting non-labeled
and labeled H1975 and mouse endothelial cell nuclei in
independent intratumoral areas. The labeling index was
calculated by dividing the number of labeled nuclei by the total
number of counted nuclei.

Statistical analysis
For the statistical analysis PASW Statistics 18.0, GraphPad
Prism 5.0 and Statistic 9.0 programs were used.



4 RESULTS

Expression of EPOR and the in vitro effect of rHUEPOa
and gemcitabine treatment on the proliferation of human
lung adenocarcinoma cells

EPOR mRNA levels of the three human ADCs were
determined by using quantitative real-time PCR analysis.
H1650 and H358 cell lines expressed EPOR at low level.
However, H1975 cells expressed EPOR mRNA at higher level
than K562 cells. Importantly, rHuEPOa did not stimulate the in
vitro proliferation rate of any of the three cell lines when
compared to untreated cells but as expected treatment with
gemcitabine significantly decreased cell proliferation in all
examined human ADC cell lines but the anti-proliferative
effect of gemcitabine was not affected by rHuEPOa at any
concentrations.

In vivo effect of rHUEPOa and gemcitabine treatment

Next, we sought to study the effects of rHuEPOa and
gemcitabine on the in vivo growth of the H1975 cell line that
showed the highest EPOR expression. Tumor growth was
significantly decreased in mice treated with gemcitabine alone.
Surprisingly, a less robust but still significant growth-inhibitory
effect of rHUEPOa was observed when administered alone.
However, no additional synergistic effects could be achieved
when the two drugs were given in combination. In mice treated
with tHuEPOa alone, the proliferation index of H1975 cells
and mouse blood vessel endothelial cells were determined by
BrdU labeling. tHUEPOa not only resulted in accelerated
endothelial cell proliferation in vivo but surprisingly it also
significantly decreased the in vivo growth rate of the high
EPOR receptor expressing H1975 ADC cells.



Association between the EPOR mRNA expressions of
bronchoscopy brushes and the clinicopathological
parameters of the patients

To determine the clinical relevance of tumor tissue EPOR
expression, we performed comparative statistical analysis of
bronchial  brush EPOR  mRNA  expression  and
clinicopathological variables. No significant association with
age, smoking history, gender, stage or treatment was detected.

EPOR expression level as a prognostic marker

Next we used Kaplan-Meier analysis to calculate the overall
survival rates for advanced stage ADC patients with low and
high EPOR levels. We elucidated that ADC patients with high
EPOR levels had significantly longer overall survival than
those with low EPOR expression. Multivariate analysis also
indicated that pretreatment EPOR levels predicted outcome is
independent of other variables.

Secretion of ACtA/FST and expression of activin receptors
We analysed the in vitro ActA and FST secretions of five
different ADC cell lines by ELISA. ActA was detectable in the
supernatants of 3 cell lines (H1650, HCC827 and H358). In
two of these cell lines, we found relatively low ActA
concentrations, while H358 cells produced high amount of the
protein. In the case of FST, all five cell lines secreted the
protein. We also measured the mRNA levels of activin
receptors real-time PCR. Each cell line expressed the type Il
receptors ActR-11A and ActR-II, as well as the type | receptor
ActR-1B.

Biological activity of the ActA, secreted by ADC cell lines

It has been demonstrated previously that HepG2 hepatoma
cells are responsive to ActA. In these cells, treatment with
exogenous ActA leads to the phosphorylation of SMAD2, so
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this assay is suitable to measure the activity of ActA. When
HepG2 cells were treated with conditioned supernatants of the
five different ADC cell lines, phosphorylation of SMAD2 was
induced in the cell models H358, in case of the other two cell
lines, H1650 induced a lower level of SMAD?2
phosphorylation, while HCC827 could not induce any
difference.

In vitro effect of rhActA and rhFST treatment on the
proliferation and migratory capacity of lung ADC cell lines
Furthermore, the effects of rhActA and rhFST treatments on
the proliferation of the activin receptor expressing tumor cells
were also analysed. After 72h, any concentrations of the
rhActA and rhFST treatments had no effect on the in vitro cell
proliferation. As our clinical data showed a correlation between
circulating ActA and distant organ- and lymph node metastasis
(see below) we also investigated the effect of rhActA and
rhFST treatments on the in vitro migratory capacity of ADC
cell lines. Treatments had no significant effect on the ADC cell
lines’ motility.

Testing of activin A and follistatin ELISA assays

To test whether ActA/FST complexes interfere with the ELISA
detection of ActA and/or FST alone, FST and ActA levels of
plasma samples were determined after treatment either with
rhActA or rhFST, respectively. No significant differences
could be detected between ActA concentrations of the
untreated plasma and the samples incubated with rhFST at
different concentrations, demonstrating that the ActA ELISA
detects both free (active) and FST-bound (inactive) ActA. In
contrast, treatment of plasma with 50 and 100 ng/ml rhActA
decreased the levels of measurable FST, indicating that only
free (and not the ActA-bound form of) FST can be detected by
the ELISA Kkit.



Correlation between circulating activin A levels and the
clinicopathological parameters of patients with lung ADC

ActA levels were measured in serum samples of 64 ADC
patients and 46 age- and gender-matched controls. In patients
with ADC the concentrations of ActA were significantly higher
compared to controls. We also observed a stage- and T and N
status-dependent increase of circulating ActA concentrations.

Level of ActA as a diagnostic and prognostic marker

Serum ActA levels were significantly increased in patients with
metastatic disease as compared to MO patients. ROC curve
analysis revealed that serum ActA had a sensitivity of 82.6%
(95% CI: 61.2-95.1%) and a specificity of 63.4 %, (95 % CI:
46.9-77.9 %) to differentiate metastatic patients from MO cases
and the AUC was 0.806 (95% CI: 0.693- 0.919).

Because lymph node and organ metastatic ADCs were
characterized by a significant increase in circulating ActA
levels, next we used Kaplan-Meier analysis to calculate the
overall survival rate for patients with low and high serum ActA
levels. These classifications were based on the median values
of ActA concentrations in our patient population. We found
that ADC patients with high serum ActA levels had
significantly shorter overall survivals than those with low
circulating ActA concentrations. Multivariate  analysis
(including standard prognostic parameters such as patient age,
gender and tumor stage) also showed that serum ActA
concentration predicted outcome was independent of other
variables.

Correlation between Activin A level and KRAS mutation in
lung adenocarcinoma

Plasma ActA levels were determined in case of 34 ADC
patients and 66 control subjects and the metastasis and overall
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survival of ADC patients were investigated concerning the
ActA concentration and KRAS mutation status. The level of
ActA was significantly higher in the ADC group compare to
control. When the ADC cohort was divided as patients with
KRAS mutation (mut) or wild type (wt) we found no difference
in the ActA level. Furthermore, KRAS status did not
influenced the metastasis and the overall survival of the ADC
patients. In the kohort of ADC patients with wt KRAS we
could not detect the same correlations between the ActA level
and M status or ActA level and overall survival what we found
in the full ADC cohort. In the cohort of ADC patients with
mutated KRAS status the same tendency was observed what
we could detect in the full ADC cohort. Patients with high
ActA level had a higher number of metastasis and also had a
significantly shorter overall survival compare to the patients
with low ActA level in the plasma.

Relevance of FST level in human lung adenocarcinoma
Since the activity of circulating ActA is regulated by FST,
serum samples of 64 ADC patients and 46 age- and sex-
matched controls were also analysed for FST concentrations.
There was no difference in the FST serum levels between
controls and ADC patients. When a separate analysis of males
and females was conducted, we found similar serum FST levels
in the male and female controls as well as in the male ADC
patients. However, we detected significantly increased serum
FST concentrations in female ADC patients. There was no
association between FST levels and ActA concentrations, TNM
stage or OS. Serum FST had no diagnostic value in the full
cohort or in the female cohort.
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5 CONCLUSIONS

1. EPOR mRNA levels of the human ADC cell lines were
determined by using real-time PCR analysis. H1975 cells
expressed EPOR at the highest level but importantly, rHuEPOa
alone or in combination with gemcitabine did not stimulate the
in vitro proliferation rate of these cells.

2. Tumor growth was decreased in mice treated with rHuEPOa
and not only resulted in accelerated endothelial cell
proliferation in vivo but surprisingly it also significantly
decreased the in vivo growth rate of the high EPOR receptor-
expressing H1975 ADC cells.

3. Advanced stage ADC patients with low EPOR levels had
significantly shorter overall survival and the pretreatment
EPOR levels predicted outcome was independent of other
variables.

4. In case of ActA, three cell lines and in the case of FST, all
five cell lines secreted the protein and the activin receptors
were also expressed in each ADC cell lines. Nevertheless, the
exogen rhActA and rhFST did not influence the proliferation
and migration of the ADC cell lines.

5. Serum ActA concentration had significant correlation with
the TNM status and overall survival of the ADC patients. The
FST level was elevated only in the ADC female cohort. Level
of ActA was a novel prognostic marker in the whole cohort and
a potential diagnostic marker for the ADC patients with
metastasis.

6. ADC patients with KRAS mutation and high ActA levels
had a higher number of metastases and the overall survival was
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significantly shorter compared to the ADC patients with low
ActA level. However, in ADC patients with wild type KRAS,
the level of ActA had no correlation with the number of
metastases and overall survival.
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