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ARTICLE INFO ABSTRACT

Keywords: Background: Different studies have investigated TSGA10 expression in various cancerous tissues but, so far no
TSGA10 study has been conducted on newly diagnosed (ND) AML patients. The association of TSGA10 gene expression
AML with hypoxia inducible factor (HIF) and angiogenic factors has remained to be fully elucidated and is still a
HIF controversial issue. The present study was designed to investigate this association in patients newly diagnosed
Angiogenic factor with AML

Methods: We evaluated TSGA10, HIF-1a and VEGF mRNA levels in ND AML patients and healthy subjects using
real-time PCR technique. Data were analyzed via comparative Livak method.

Results: Based on the results of this study, TSGA10 gene expression was decreased in 28 out of 30 (93.3%)
samples while VEGF and HIF-1a expression levels were increased in all ND AML patients compared to healthy
controls. Diagnostic evaluation was performed by receiver operating characteristic (ROC) curve and area under
the curve (AUC) calculation. Respectively, using cut-off relative quantification of 1.604, 0.0329, and 0.0042, the
sensitivity values of TSGA10, VEGF, and HIF-1a gene expression were 86.7%, 90%, and 100%. Also, specificity
values were 100%, 100% and 100%, respectively. TSGA10 expression was shown to be reduced in ND AML
patients compared with healthy subjects and we found a negative correlation between TSGA10 and VEGF ex-
pression.

Conclusions: Since TSGA10 interacts with HIF-1 and affects its transcriptional activity, in ND AML patients with
decreased TSGA10 expression, VEGF expression was high suggesting a TSGA10 mediated regulation of HIF-1
target genes. Altogether, the current study showed that TSGA10 could be considered as a tumor suppressor in
AML patients.

1. Introduction Genes and their products involved in leukemia might represent helpful

diagnostic markers for the disease [4]. They could also be regarded as

Acute myeloid leukemia (AML) is associated with rapid growth and
accumulation of abnormal white blood cells in the bone marrow
causing interference in the production of normal blood cells. AML is the
most common leukemia which affects adults, and its incidence in-
creases with age. Replacement of normal bone marrow with the ab-
normal cells mentioned earlier leads to a drop in red blood cells, pla-
telets, and normal white blood cells [1-3]. AML, being known as a
rapidly developing acute leukemia, is typically fatal within weeks or
months if left untreated. In order to achieve appropriate treatment and
complete remission, it is really crucial to make an early diagnosis.

appropriate targets for achieving novel therapeutic perspectives.

The TSGA10 gene (NC_000002.12) expressed in testis during de-
velopmental stages of spermatogenesis and embryogenesis is located on
the chromosome region 2q11.2 [5,6]. The length of TSGA10 mRNA is
about 3 kb and contains up to 21 exons (ENST00000393483.7) in dif-
ferent transcripts. This gene was identified using differential mRNA
display technique in 2000 [5]. The protein product weighs 82kDa
which would be broken down in cytoplasm of the cell into two frag-
ments of 27 kDa and 55 kDa. These fragments exert inhibitory effects on
hypoxia inducible factor-la (HIF-1a) and inhibit its localization into
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nucleus consequently preventing its transcriptional activity. In oxyge-
nated cells, HIF-1a subunits are unstable since they are targeted for
proteasomal degradation [7,8]. However, in hypoxic cells, HIF-1a de-
gradation is suppressed allowing the transcriptional activation of this
protein on target genes [9]. Hypoxia-inducible factors (HIFs) respond to
the decrease of available oxygen in the cellular environment (hypoxia).
Study on HeLa cells has confirmed that TSGA10, through binding to
HIF-1a, prevents its nuclear localization leading to decreased HIF-1a
transactivation activity [10]. Activated HIF, by transcriptional activa-
tion of over 100 downstream genes regulating vital biological processes
involved in tumor survival and progression, plays a key role in adaptive
responses of the tumor cells to changes in oxygen level. These genes are
implicated in glucose metabolism, cell proliferation, migration and
angiogenesis. Angiogenesis has been shown to play a role in hemato-
logical disorders, and low oxygen pressure might thereby affect leuke-
mogenesis and chemo-sensitivity in human AML [11]. In comparison to
most healthy tissues, bone marrow environment is characterized by a
low oxygen tension which is a hallmark of the bone marrow stem cell
niches. Hypoxia, by inducing the secretion of several growth factors and
cytokines including CXCL-12, vascular endothelial growth factor
(VEGF) and interleukin-6 (IL-6), is involved in the maintenance of he-
matopoietic stem cells (HSCs). Also, hypoxia may affect hematopoietic
cells by the modulation of the stromal cells. It has been demonstrated
that hypoxia affects survival, proliferation, differentiation as well as
metabolism of mesenchymal stromal/stem cells (MSCs). Hypoxic mi-
croenvironment of the bone marrow has been shown to contribute to
AML mainly via HIF-mediated signaling. Hypoxia is implicated in the
pathogenesis of hematological malignancies (including AML) in dif-
ferent ways such as: angiogenesis induction, promotion of metastasis
and spread of leukemic cells and induction of stemness and drug re-
sistance. It has been reported that in AML, hypoxia, via CXCR4 upre-
gulation, augments survival and migration of leukemic cells and hy-
poxic bone marrow niches increase resistance to treatments by
protecting from various stresses including oxidative stress signals, DNA
damage and cell death stimuli [12-14].

Vascular endothelial growth factor (VEGF) gene expression is
regulated by hypoxia, in a HIF-dependent manner. VEGF signaling in-
creases autocrine AML blast cell proliferation and survival as well as
renders them resistant to chemotherapy. In addition, VEGF signaling, in
a paracrine manner, mediates vascular endothelial cell-controlled an-
giogenesis contributing to AML progression [15]. Expression of VEGF,
as a key angiogenic factor first identified as an essential growth factor
for vascular endothelial cells [16], shows a positive correlation with
therapeutic response failure and can be evaluated for prognosis pre-
diction of AML patients [17]. There are controversial studies about the
exact role of TSGA10 in cancer. While several studies point to increased
TSGA10 expression levels in cancer cells compared to normal ones and
introduce it as a cancer-testis antigen (CTA) [6,18-20], recent studies
have reported that TSGA10 expression in cancer cells is decreased as
compared to normal cells identifying it as a tumor suppressor [21-23].
According to the previous reports, TSGA10 is expressed in skin (66%),
brain (83%), breast (66%) and gastrointestinal tumors (58%) [19].
According to another report, TSGA10 is expressed in 70% of breast
cancer patients [20]. Different studies have investigated TSGA10 ex-
pression in various cancerous tissues, but so far no study has been
conducted on newly diagnosed (ND) AML patients. On the other hand,
the association of TSGA10 gene expression with HIF-1 and angiogenic
factors in such patients has not been determined. Therefore, the present
study was conducted to explore these issues.

2. Material and methods

Peripheral blood was obtained from 30 ND AML patients and 10
healthy volunteers (age 18-68). Based on FAB classification which ca-
tegorizes AML subtypes according to type of the cell from which the
leukemia develops and its degree of maturity, AML was divided into
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Table 1
The clinical characteristics of acute myeloid leukemia patients.

Cod FABclass Age WBCx10® Hb Blast (%) PLT x10° AML
1 AML-M5 33 14 7.5 23 38 New
2 AML-M2 18 2.2 8.9 30 2 New
3 AML.M4 58 65 6.7 19 46 New
4 AML-M2 45 97.7 10.5 24 72 New
5 AML-MO 28 14.9 9.7 24 20 New
6 AML.M2 25 3.9 9.5 27 25 New
7 AML- M2 30 6.1 11.9 16 270 New
8 AML.M5 45 80.5 8 30 8 New
9 AML.M2 25 25 10.1 34 21 New

10 AML.M2 59 14.1 10 36 9 New
11 AML- MO 34 9.9 8.5 22 63 New
12 AML.M2 47 4.6 7.7 42 12 New
13 AML.M2 36 9 7.7 25 17 New
14 AML.M2 37 5.2 12 17 128 New
15 AML.M4 55 10.4 7.1 25 39 New
16 AML.M4 50 7.6 6.2 30 166 New
17 AML.M2 45 174 8 28 51 New
18 AML.M2 32 27.5 12.2 26 25 New
19 AML.M1 43 1.4 13 29 135 New
20 AML-M1 44 40.8 8.6 30 30 New
21 AML-M2 26 37 9.2 38 4 New
22 AML-M7 58 1.4 5.2 24 23 New
23 AML-M2 28 187.7 8.6 29 45 New
24 AML-M2 59 55.5 5.5 31 50 New
25 AML-M2 38 11.2 7.2 29 40 New
26 AML-M2 27 12.9 9.3 28 63 New
27 AML M4 75 60 7.5 27 42 New
28 AML M4 51 74.4 10.3 24 41 New
29 AML-M2 63 1.0 9.3 21 112 New
30 AML-M2 21 2.0 10.6 46 67 New

subtypes: MO through M7 by morphological evaluation and im-
munophenotyping. The research protocol was approved by Ethics
Committee of Kermanshah University of Medical Sciences in ac-
cordance with international agreements (ID number: 2264) (Table 1).
Total RNA was extracted from the peripheral blood of patients and
healthy controls using Trizol reagent (Invitrogen), as recommended by
the supplier. Sense and antisense primers of target genes were designed
by robust oligo primer design software (synthesized by the Bioneer
Company). The primers used for each gene are as follows: TSGA10
forward 5-ATCAACAACGGCACATGCTAT-3’, reverse 5-AGACTATCTC
GTTCTGTGGTCAT- 3/, VEGF forward 5-GGCTGGCAACATAACAGA
GAA-3’, reverse 5‘— CCCCACATCTATACACACCTCC-3’, HIF-1a forward
5’-CTG AGG TTG GTT ACT GTT GGT ATC-3’, reverse 5’-AGT GTA CCC
TAA CTA GCC GAG GAA-3’, BETA forward 5-TGGCACCCAGCACAAT
GAA-3, reverse 5-CTAAGTCATAGTCCGCCTAGAAGCA -3’ (Table 2).
Real-time PCR was performed on RNA samples using Takara Kit by
Rotor Gene 6000 system (Corbett Research, Australia). Cycling condi-
tions were 95 °C for 30 s. In addition, 40 cycles of 95 °C for 5s and 60 °C
for 1 min at the optimized conditions were also run (for PCR step).
Finally, melting was carried out at 60-95 °C (with 0.5 °C increments) for
5s for each step. Relative quantification analysis was carried out using
Livak method [24]. Finally, by plotting receiver operating characteristic
(ROC) curves and defining area under the curve (AUC), the clinical
performance of TSGA10, VEGF, and HIF-1a relative quantification was
specified. The optimal cut off point values for relative quantification
that separates case and control groups was determined. The analysis
used the samples’ crossing point, the efficiency of the reaction, and the
number of cycles completed and other values to compare the samples.

3. Statistical analysis

The obtained data are presented as means = SD and depicted by
GraphPad Prism (version 6.0, Inc, La Jolla, CA, USA) [25]. The corre-
lation calculation between TSGA10 and VEGF gene expression was
performed using Bivariate Correlation analysis and Pearson coefficient



Z. Hoseinkhani et al.

Table 2
The sequence of primers used in this study.
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GENE Forward Reverse Product length
TSGA10 5- ATCAACAACGGCACATGCTAT -3 5- AGACTATCTCGTTCTGTGGTCAT -3 96 bp

VEGF 5- GGCTGGCAACATAACAGAGAA -3 5- CCCCACATCTATACACACCTCC -3 159 bp
HIF-1a 5- CTGAGGTTGGTTACTGTTGGTATC-3 5- AGTGTACCCTAACTAGCCGAGGAA-3 113 bp

BETA 5-AGCTGCCGTTATACTGTTCTG-3 5-ACTGCCTCCTGTGTCTTCAATCTT-3 186 bp

(Two-tailed) determination.

4. Results

The data obtained from 30 ND AML samples and 10 healthy controls
are illustrated in Table 1. After obtaining the original data, the ex-
pression data were analyzed using Livak method.

Gene expression profile of AML cases and normal controls were
analyzed using real-time PCR arrays which showed a significant dif-
ference between AML patients and normal controls.

However, no significant association was found between TSGA10
expression level with neither age nor the type of AML. The results of our
study showed that 28 (93.3%) patients exhibited lower levels of
TSGA10 expression while all of them had higher levels of VEGF and
HIF-1a expression in comparison to normal controls (Figs. 1-3). Our
results show that there is a significant association between expression of
TSGA10 and VEGF genes in AML patients (****P < 0.0001, r=-
0.8925). (Fig. 4).

Diagnostic test evaluation was performed based on sensitivity and
specificity by ROC curve and AUC calculation. The optimal cut off for
relative quantification that separates AML patients from controls was
also determined. According to expression level of TSGA10 in patients
and controls, the AUC was 0.889 (95% CI, 0.780-0.998; p < 0.001)
(Fig. 5a). Also, the optimal cut off value was defined as 1.604 and the
sensitivity and specificity values of 86.7% and 100% were achieved,
respectively. In diagnostic performance evaluation of VEGF gene ex-
pression, cut off point was 0.0329 and AUC was 0.962 (95% CI,
0.910-1.015; p < 0.001) (Fig. 5b). For this test, the sensitivity and
specificity values were 90% and 100%, respectively. Finally, HIF-1a cut
off point was 0.0042, and the ROC curve showed an AUC of 1 (95% CI,
1-1; p < 0.001) (Fig. 5¢). The sensitivity and specificity values were
100% and 100%, respectively (Table 3).
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Fig. 1. TSGA10 gene expression in samples of AML patients were analyzed
using real-time PCR. Relative gene expression was determined using Livak
method compared to the control (****P < 0.0001, -2.05167 * 2.0743EO0).

508

VEGF Relative Expression

6 - —_— |
4-
k)
O
[T
24
[ — n®
0 T T
A (-]
O o
¢ >
< ©
Groups

Fig. 2. VEGF gene expression in samples of AML patients were analyzed using
real-time PCR. Relative gene expression was determined using Livak method
compared to the control (****P < 0.0001, 3.7520E0 *+ 1.1208E0).
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Fig. 3. HIF-1a gene expression in samples of AML patients were analyzed using
real-time PCR. Relative gene expression was determined using Livak method
compared to the control (****P < 0.0001, 3.51967 *+ 0.732791).

5. Discussion

Prevention and early diagnosis of different cancers, such as AML,
are important issues in human health which can be achieved through
continuous researches in this regard. According to previous studies,
various genes are involved in AML and their expression significantly
affects AML incidence. At present, there is no evidence on the exact role
of TSGA10 in AML. Therefore, the current study was conducted to
evaluate TSGA10 gene expression in ND AML patients and delve into its
association with HIF-1a and the angiogenic factor VEGF.

Previous studies have shown higher expression levels of VEGF and
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Correlation between VEGF & TSGA10
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Fig. 4. The association between TSGA10 and VEGF gene expression (****P <
0.0001, r=-0.8925).

HIF genes in AML patients compared to normal controls [26,27].
Chen.p et al. showed that HIF-1a over expression is closely related to
poor prognosis of AML [28]. Augmented VEGF plasma levels are as-
sociated with lower rates of complete remission and a reduced survival
of AML patients. In AML bone marrow biopsies, elevated angiogenesis
is often observed and micro-vessel density is found to be higher in bone
marrow biopsies of these patients [15]. HIF-1, a key regulator of an-
giogenesis expressed in cancer cells under hypoxic conditions, plays a
crucial role in tumor growth and stability. Up regulated in tumor cells
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Table 3
Diagnostic value analysis for determining statistically significant difference
between AML patients and control group.

Parameter AUC Cut-off  Sensitivity (%)  Specificity (%) PPV NPV
HIF-1a 1 0.262 100 100 1 1
VEGF 0.962 0.0329 90 100 1 0.909
TSGA10 0.889  1.604 86.7 100 1 0.882

during hypoxia, HIF-1 is able to induce angiogenesis initiating factors
such as VEGF, MMP2, MMP9, IGF, bFGF, CXCR4, CXCL12 [8,29]. HIF-1
expression in cancer cells leads to resistance to chemotherapy and
radiotherapy, hence its inhibition can improve cancer prevention and
treatment.

In the present study, by evaluating TSGA10 gene expression in ND
AML patients, we showed an up to 6-fold reduction of TSGA10 ex-
pression in some AML patients. TSGA10 expression was found to be
decreased in AML patients compared to normal controls. Since TSGA10
interacts with HIF-1a and inhibits its activity, VEGF expression was
found to be higher in these patients compared to controls, indicating a
negative correlation between TSGA10 and VEGF expression.

The interaction of TSGA10 with HIFla results in a decreased VEGF
secretion. Mansouri et al. showed that TSGA10 binding to HIF-1a C-
terminal, by preventing P300 recruitment, leads to HIF-1a inactivation
and prevents its transcriptional activity thereby interfering with tumor
growth, angiogenesis and metastasis. Increased TSGA10 levels could
reduce expression of the genes involved in angiogenesis as well as

a) TSGA10 ROC Curve b) VEGF ROC Curve
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Fig. 5. Area under the curve (AUC) of receiver operating characteristic (ROC) for TSGA10 (a), VEGF (b) and HIF-1a (c) have been shown, respectively. HIF-1a gene
expression has the highest sensitivity and specificity and the second suitable test is VEGF. AUC, cut-off points, 95% confidence interval (CI), sensitivity, specificity

and the P-values are also shown.
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MMP2, MMP9 and VEGF secretion from cancer cells consequently
hindering angiogenesis [8]. In line with our findings, previous results
have demonstrated that higher TSGA10 expression levels, are asso-
ciated with lower levels of HIF expression [30]. Rad et al. investigated
the association of HIF-a subunits with TSGA10 transcripts in Hela,
MCF-7 and MDA-MB-231 cell lines and found a negative relationship
between expression of TSGA10 and HIF-a subunits. As demonstrated by
their study, cell lines with lower expression of TSGA10 showed higher
levels of HIF-a isoforms [30]. Furthermore, according to a study con-
ducted by Hegels et al., TSGA10 C-terminal interaction with HIF-1a in
the spermatozoa midpiece inhibits its nuclear accumulation thereby
decreasing HIF-1 transcriptional activity [31]. Also, TSGA10 was stated
as a tumor suppressor gene by Yuan et al in 2013. In their study,
TSGA10 downregulation was shown to be associated with increased
malignancy and clinical features of esophageal squamouse cell carci-
noma (ESCC). They found significantly lower TSGA10 expression levels
(which correlated with clinicopathologic features) in ESCC samples
compared to adjacent normal tissues and TSGA10 expression levels
negatively correlated with proliferative capacity of ESCC cell lines.
Also, TSGA10 knockdown promoted in vivo tumor formation in nude
mice whereas its increased expression impeded tumor formation. They
found two binding sites for miR-577 in the 3’ UTR of TSGA10 gene and
further investigations revealed a negative correlation between miR-577
and TSGA10 expression levels in tumor samples and ESCC cell lines
[21]. Also consistent with our results, Bao et al. in 2018 provided an-
other evidence concerning antitumor activities of TSGA10 gene further
identifying this interesting molecule as a tumor suppressor. Over-
expressed in human nasopharyngeal carcinoma (NPC) specimens, miR-
23a was shown to be associated with higher angiogenic activity leading
to increased metastatic progression in such patients. With a relative
lower expression in NPC samples compared to non-cancerous naso-
pharyngeal samples, TSGA10 was shown to be a direct target of
proangiogenic miR-23a as illustrated by different in vitro and in vivo
experiments. It was shown that miR-23a contained in the exosomes
secreted by NPC cells can be transferred to endothelial cells thereby
promoting angiogenesis in the adjacent tumor endothelium. They
showed for the first time that miR-23a, by binding to the specific site in
the 3" UTR of human/zebrafish TSGA10, directly represses its expres-
sion resulting in elevated migration of endothelial cells and angiogen-
esis. Collectively, miR-23a was suggested to modulate angiogenesis
through directly targeting TSGA10 [23].

In contrast to the abovementioned studies showing decreased ex-
pression of TSGA10 in cancers and identifying it as tumor suppressor,
there are several studies regarding its increased expression in cancers
considering it as a CTA while it is expressed in normal tissues as well.
Mobasheri et al in 2006 showed RNA expression of TSGA10 in 84.6%
(44/52 samples) of bone marrow samples and all peripheral blood
samples from patients with acute lymphoblastic leukemia (ALL) but not
peripheral blood samples from healthy controls. However, regarding
bone marrow specimens 52% (27 samples) showed high expression of
TSGA10 as detected in the first PCR and 30% (16 samples) had low
levels of TSGA10 expression as detected in the second amplification or
semi-nested PCR. Also, among peripheral blood samples from ALL pa-
tients 57.1% (8 samples) were positive in the first PCR reaction (high
expression level) and the remaining 42.9% (6 samples) were positive in
the semi-nested PCR reaction indicating a low expression of TSGA10 8,
In the next year, Mobasheri et al. evaluated TSGA10 expression in
different cancers (156 tumor samples) including: brain, skin, gastro-
intestinal, soft tissue, breast, urogenital, bone and other tumors. They
detected TSGA10 expression in 60.9% (96/156) of tumor samples
among which 17.3% showed expression in the first round of PCR and
82.7% in nested-PCR [19]. Also, in another study Dianatpour et al
showed that TSGA10 was expressed in 70% (35/50 samples) of breast
cancer samples among which 10% (5 samples) showed expression in the
first RT-PCR reaction (high expression level) and 60% (30 samples) in
the reamplification reaction or semi-nested PCR (low expression level).

510

Pathology - Research and Practice 215 (2019) 506-511

Next, they analyzed TSGA10 expression in the breast cancer cell lines
MCF-7 and MDA-231 and observed a high expression of the gene in the
first round of RT-PCR. In their study TSGA10 expression was not de-
tected in adjacent noncancerous tissue (ANCT) specimens as normal
breast tissue [20]. In comparison with these studies, Tanaka et al. re-
ported that TSGA10 is also expressed in normal tissues (other than
testis). With a predominant expression in testis and overexpression in
some tumors, TSGA10 was suggested to be a cancer testis-like (CT-like)
antigen. TSGA10 mRNA copy number per 10° GAPDH mRNA copies
was shown to be 16,000 in testis but 1000 in pancreas, lung, en-
dothelium and breast and less than 200 in other 15 normal tissues. Also,
TSGA10 mRNA overexpression which exceeded 10-fold of the average
expression in normal tissues was observed in bladder cancer (8/21,
38%), ovarian cancer (7/21, 35%), hepatocellular carcinoma (4/20,
20%), prostate cancer (3/20, 15%), colon cancer (1/20, 5%) and ma-
lignant melanoma (1/21, 4.8%) while TSGA10 overexpression was not
detected in lung cancer (0/18), endometrial cancer (0/31) or breast
cancer (0/20) [6].

Taken together, in Mobasheri’s, Dianatpour’s and Tanaka’s studies
TSGA10 RNA level was shown to be increased in cancer cells compared
to normal cells and therefore TSGA10 was claimed to likely act as an
indicator for cancer prognosis. This is while the studies conducted by
Yuan, Jakhesara, Mansouri and Bao have indicated decreased expres-
sion of TSGA10 in tumor cells and described it as a tumor suppressor
gene. Our findings calls for further detailed investigations in this field to
clarify the exact role of this interesting testis-specific gene in the con-
text of hematological malignancies.

6. Conclusions

Regarding the defined role of TSGA10 in inhibiting HIF-1 activity,
increased HIF-1a and VEGF expression levels observed in AML patients
are suggested to be due to the significant decrease of TSGA10 expres-
sion in such patients compared to healthy individuals. Therefore, based
on the findings of this study, decreased TSGA10 expression in AML
patients could be considered as one of the underlying causes predis-
posing to AML progression. Collectively, according to the results of the
current study, TSGA10 could be considered as a tumor suppressor gene,
however further studies are warranted to precisely determine its func-
tion in tumor biology.
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