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Expression of ZFX gene correlated with the central features
of the neoplastic phenotype in human brain tumors with
distinct phenotypes
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Abstract Background: The zinc finger transcription factor zinc finger protein, X-linked (ZFX) acts as an important

~ director of self-renewal in several stem cell types. Moreover, ZFX expression abnormally increases in various
cancers and relates to tumor grade. We performed this study, to examine its role in the pathogenesis of
astrocytoma and meningioma.
Materials and Methods: We used real-time reverse transcription polymerase chain reaction method for evaluation
of ZFX expression in 25 astrocytoma tumoral tissue and 25 meningioma tumoral tissues with different WHO grades.
Furthermore, the association of gene expression with various clinic-pathological characteristics was examined.
Results: We found that there is a significant association between gene expression and different tumor
grades, the presence or absence of invasion, forming and nonforming of glomeruloid vessels, the age over
or under 50 and the presence or absence of calcification in astrocytomas. This is the first report that shows
that ZFX was directly correlated with the central features of the neoplastic phenotype, including the growth
of cancer cells, angiogenesis, and invasion.
Conclusion: Regarding all the above-mentioned studies, it is highly plausible that silencing the expression
of ZFX gene in gliomas has a major role in the therapeutic interventions of the disease in future.
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INTRODUCTION transcription factor that is very conserved in
vertebrates. ZFX, a key factor that controls the

Zinc finger protein, X-linked (ZFX) is a zinc finger  self-renewal of stem cells' and it’s gene is situated
on the mammalian X chromosome.” Studies in

Access this article online mouse embryonic and adult hematopoietic stem cells

Quick Response Code: showed that ZFX acts as a transcriptional regulator
Website: for self-renewal of both stem cell types. Furthermore,
to balance between self-renewal and differentiation
in human embryonic stem cells, ZFX plays a role as
DOI: a molecular rheostat.”® Recently, it has been shown
10.4103/2277-9175.164000 that ZFX is up-regulated in cancer stem-like cells
in esophageal carcinoma cell lines.”! Furthermore,
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ZFX is overexpressed in gastric/® and prostate
adenocarcinoma,'! diffuse large B-cell lymphoma,
follicular lymphoma,™ and glioma tissues and cell
line.!s"

Neuroepithelial and other tissues in the brain are
the source of a variety of tumors. Brain tumors
are the growth of abnormal cells in the tissues of
the brain (“primary brain tumors”) or from cancer
cells that have metastasized from other organs or
tissues (“secondary brain tumors”). The terms of
“grade” is used to describe the most primary brain
tumors. Low-grade tumors grow slowly and frequently
remain dormant for long-time while high-grade tumors
show the rapid ability of growth and spread."%!
Meningiomas and astrocytomas are two common
types of human brain tumors. Meningioma tumors
are usually benign in nature, whereas astrocytoma
tumors are more malignant. Meningiomas account
for about 20% of all primary intracranial tumors.!?
Glioblastoma multiforme (GBM) is the grade IV of
astrocytomas and second only to meningioma as the
most common brain tumor. However, it is considered
as the most frequent malignant primitive brain
tumors. Fifty-two percent of all functional tissue
brain tumors and 20% of all intracranial tumors are
glioblastoma.!*?

Cancer stem-like cells have been characterized in
gliomas which play a role in the origin and progression
of the disease. The cancer stem cell (CSC) theory
states that gliomas are maintained and repopulated
by a small subpopulation of self-renewing stem
cells within each tumor. Tumors enriched in the
CSC subpopulations exhibit greater self-renewal
capacity, as well as angiogenesis, aggressiveness
and resistance to radiation. Moreover, non-CSCs can
also develop into CSCs if the right genetic alterations
occur.n4

Due to the crucial role of the ZFX gene in stem
cell self-renewal and carcinogenesis, and lack of
evidence concerning its expression in brain tumors
with different origins, we evaluated its expression in
25 tumoral meningioma and 25 astrocytoma tissue
samples by using quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR).

MATERIALS AND METHODS

Patients and samples

Totally, 25 astrocytoma samples and 25 meningioma
samples were examined for ZFX gene expression. The
tumoral tissue samples were obtained from Alzahra
Hospital (Isfahan, Iran). The experimental procedures
were approved by the Ethics Committee of Isfahan

University of Medical Sciences. Prior to participation,
the informed consents were obtained from patients.
All samples were verified by pathological analyses
and classified according to the WHO classification
standard.

RNA extraction and cDNA synthesis

Total RNA was extracted using Trizol (Invitrogen,
Carlsbad, CA), according to the manufacturer’s
instructions. RNA concentration determined by
spectrophotometer and then samples stored at —80°C.
c¢DNA was synthesized using RevertAid™ H Minus
First Strand cDNA synthesis kit (Fermentas, Vilnius,
Lithuania).

Primers and reverse transcription polymerase chain
reaction procedure

Quantitative real-time RT-PCR was performed using
specific primers for ZFX messenger RNA (mRNA).
Furthermore, GUSB gene considered as a house-keeping
gene."” The sequences of primers used for RT-PCR
of ZFX and GUSB mRNA were, respectively, as
follows: (1) Forward primer, 5-TGG GCA GCA GCT
TAT GGT AAT-3’, and reverse primer, 5-TGT TTA
GCC AGT CTG CCG AG-3’; (2) forward primer, 5-CAC
GAC ACC CAC CAC CTA CAT C-3’, and reverse
primer, 5-GAC GCA CTT CCA ACT TGA ACA G-3.
The SYBR® Premix Ex Taq™ II (TliRNaseH Plus)
(Takara, Tehran, Iran) was used according to protocol
of manufacture and the reactions were performed in
the Rotor-gene 6000 (Qiagen, Hilden, Germany). The
PCR cycling conditions for the genes included an initial
denaturation step at 95°C for 5 min, followed by 45
amplification cycles consisting of denaturation at 94°C
for 40 s, annealing at 60°C for 30 s and an extension at
72°C for 30 s. The identity of PCR products was further
verified on a 1.5% agarose gel.

Moreover, to be ensured that the actual gene of
interest (ZFX) is getting amplified, some of the PCR
products were sequenced (Macrogen, Seoul, Korea).

All measurements were done in at least triplicates
and LinRegPCR version 7.5, Biogazelle, the Netherlands,
LinRegPCR@amc.uva.nl (software for analysis
of real-time PCR data) was used and also REST
2009 (Relative Expression Software Tool V 2.0.13,
Biogazelle, the Netherlands, LinRegPCR@amc.uva.
nl) were used for the calculation of relative expression.
Relative ZFX mRNA levels were normalized to GUSB.
The comparative Ct (AACt) method was used to calculate
fold changes in gene expression. In addition, the results
were statistically analyzed using independent sample
t-test. The SPSS program version 20, IBM, NY, USA
was utilized for statistical analyses and P < 0.05 was
considered as statistically significant.
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RESULTS

Clinical-pathologic variables

We managed to do a case series study on 50 brain
tumor samples and the clinical-pathologic variables
of patients are listed in Table 1.

Expression of zinc finger protein, X-linked gene in
samples

Electrophoresis of the PCR products on agarose gel
demonstrated single band with the expected size for
the ZFX (110 bp) and GUSB (121 bp) transcripts.
Analysis of gene expression using real-time PCR
showed a unique melting curve without primer dimers
for each of the examined genes. Further verification
of the ZFX PCR product by sequencing demonstrated
that ZFX transcript amplified specifically and its
BLAST against human transcripts showed 100%
identity with all five variants of ZFX transcript.

The relationship between ZFX gene expression
with different grades, gender, age, tumor size,
mitosis, necrosis, invasion, angiogenesis, and the
gelomeruloeid formation were investigated.

Table 1: A brief description of patients with astrocytoma and
meningioma

Characteristics

Number (%)*

Astrocytoma Meningioma

Sex

Male 16 (64) 9 (36)

Female 9 (36) 16 (64)
Grade

Low grade (WHO grade | and Il) 6 (24) 22 (88)

High grade (WHO grade Ill and V) 19 (76) 3(12)
Mitosis

Positive 9 (36) 4 (16)

Negative 16 (64) 21 (84)
Necrosis

Positive 14 (56) 4 (16)

Negative 11 (44) 21 (84)
Invasion

Positive 2 (8) 8(32)

Negative 23(92) 17 (68)
Size

>5 cm? 15 (60) 22 (88)

<5cm? 10 (40) 3(12)
Age

>50 years 12 (48) 20 (80)

<50 years 13 (52) 5 (20)
Glomeruloid vessel formation

Positive 13 (52) NA

Negative 12 (48)
Calcification

Positive 2 (8) NA

Negative 23 (92)

*Values in parentheses are percentages. NA: Not available
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There was a significant association between gene
expression and different tumor grades (P value:
8 x 107%) [Figure lal, invasion (P value: 1 x 10-%)
[Figure 1b], glomeruloid vessel formation (P value:
2 x 107-%) [Figure 1c], age (P value: 1 x 10-3) [Figure 1d],
and calcification (P value: 1 x 107%) of astrocytomas
[Figure le]. However, there was no significant
association between ZFX gene expression and tumor
size (P value: 5.9 x 1072) [Figure 1f], presence or
absence of mitosis (P value: 1.23 x 10-2) [Figure 1g],
and presence or absence of necrosis (P value:
6.42 x 1072) in astrocytoma tumors [Figure 1h].

There was a significant association between gene
expression and different tumor grades (P value:
28 x 10~?) [Figure 2a] and gender (P value: 19 x 10-%)in
meningioma samples [Figure 2¢c]. Furthermore, there
was no significant association between gene expression
and tumor size (P value: 821 x 10-3) [Figure 2b] and
age (P value: 56 x 10-%) [Figure 2d] in meningiomas.

Average gene expression was different between
astrocytoma and meningioma. Expression of ZFX gene
in astrocytoma was significantly greater than those in
meningioma (P value: 44 x 10-%) [Figure 3].

DISCUSSION

Zinc finger protein, X-linked has an important function
in the tumorigenesis." In hepatocellular carcinoma,
overexpression of ZFX confers self-renewal and
chemoresistance properties.'” Furthermore, ZFX acts
as an oncogene in the malignant proliferation process
in osteosarcoma.!*®! Moreover, ZFX overexpresses
abnormally in the prostate,*” breast?” and gastric®2"
adenocarcinomas, nonsmall cell lung cancer” and
glioma.® In summary, ZFX promotes the growth and
migration of cancer cells,? regulates cancer cells
proliferation and survival® and plays an important
role in cell cycle progression./??!

In this study, we found that there was a direct
correlation between ZFX gene expression and
important clinico-pathological features in astrocytomas
including Grades, invasion, glomeruloid vessels,
age and an inverse correlation with calcification.
Furthermore, performing ZFX gene expression analysis
in meningioma for the 1% time showed that there is
an inverse correlation between the gene expression
and different tumor grades. Of note, ZFX increased
significantly in females affected with meningioma.

Zhou et al. reported that ZFX gene expression increases
in glioma tissues compared with noncancerous brain
tissues.®® In the same vein, our results are consistent
with their results. However, the primers designed in



Afzali, et al.: Expression of ZFXin human brain tumors

6.0 P . B 120 —_— 7.0 —_—
K50 ; 100 %60
N 5 = 5.0
g 4.0 .g 8.0 g
£ s . 40
g 3.0 OLow grade §. 6.0 ONegative g O Negative
% - W High grade H) 0 WPositive % 30 W Positive
3 o o 4l o
£ & £20
310 2 20 210
0 - 04 04
E Low grade High grade m Negative Positive Negative Positive
*
i * 45 - 45
7.0 40 x40
> 60 N 35 835
S = S
R s
E 50 £ 3.0 g3,0
w2
£ 40 H 25 DONegative 23 0<s
i 850 §' 20 WPositive 52'0 [ P
] 2
g 30 n>50 s 15 g
220 £ 10 210
2 10 2 s Z 5
= 0
0
0 4
<50 550 Negative Positive = =
d] a
35 40
x 30 I x 35
N N
S 25 330 0
£, £2s
s~ ONegative 520 ONegative
& 15 - & .
S WPositive 15 WPositive
o @
.E 1.0 .% 1.0
Z s g s
0 0
m Negative Positive . Negative Positive
h

Figure 1: The relative expression of zinc finger protein, X-linked (ZFX) in astrocytoma tissue samples. Charts demonstrating the association
of relative E expression of ZFX with various clinico-pathological features including. (a) Different tumor grades, (b) the presence or absence of
invasion, (c) the presence or absence of glomeruloid vessles, (d) age, (e) the presence or absence of calcification, (f) tumor size (g) the presence
or absence of mitosis, and (h) the presence or absence of necrosis. *Statistical significant differences
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Figure 2: The relative expression of zinc finger protein, X-linked (ZFX) in meningioma tissue samples. Charts demonstrating the association of
relative E expression of ZFX with various clinico-pathological features including. (a) Different tumor grades, (b) gender, (c) tumor size, and (d) age.
*Statistical significant differences

that study did not specifically and uniquely recognize  the three variants of ZFY gene as well. Recently, Zhu
the five variants of ZFX gene. Their primers recognize et al. showed that ZFX upregulates in human gliomas
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Figure 3: The relative expression of zinc finger protein, X-linked in
astrocytoma and meningioma tissue samples. *Statistical significant
differences

in which ZFX protein were positively correlated
with human glioma grades. Altogether, these results
are in accord with each other and show that at
both transcriptional and translational levels, ZFX
positively correlated with glioma grades.

Regarding microarray data from Oncomine database,
Nutt et al. have been studied the expression of 12,000
genes in a series of 50 glioma samples, 28 glioblastoma
samples and 22 anaplastic oligodendroglioma samples
by microarray analysis. Their results showed that ZFX
expression increases significantly in glioblastoma.?*
Furthermore, Kotliarov et al. used microarray analysis
for a more detailed examination of the glioma genome
in a large number of primary tumor samples, including
33 samples of astrocytoma, 82 glioblastoma samples,
52 oligodendroglioma samples and 11 oligoastrocytoma
samples. They also found that ZFX overexpresses in
glioblastoma samples.?® Collectively, these data
are consistent with each other revealing that ZFX
overexpresses in glioblastoma samples.

In this study, we found that there was an inverse
correlation between the ZFX gene expression and
calcification. Calcification is largely a sign of slow
growth in gliomas.?%2” Furthermore, the incidence of
calcification decreases in the spectrum from low-grade
to high-grade astrocytoma (GBM). In the same vein,
our results indicated that there is a direct relationship
between the increased expression of ZFX gene and
the invasion in gliomas. Regarding the major role of
stem cells in GBM invasion and the role of ZFX as
a transcriptional regulator for self-renewal of stem
cells, it is highly plausible that ZFX contributes to
the central features of the neoplastic phenotype.?®
Furthermore, our results demonstrated that ZFX gene
expression positively correlated with the formation
of glomeruloid vessels. Glomeruloid bodies are the
hallmark of neo-vascularization. Of note, angiogenesis
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is a hallmark of neoplastic phenotype, leading to the
invasion.?” Therefore, it seems that ZFX contributes
to the invasion of neoplastic cells, at least in part, by
neo-vasculogenesis.

CONCLUSION

This is the first report that shows that ZFX was directly
correlated with the central features of the neoplastic
phenotype, including the growth of cancer cells,
angiogenesis, and invasion, in malignant brain tumors.
Comprehensively, it is highly plausible that silencing
the expression of ZFX gene in gliomas has a major role
in the therapeutic interventions of the disease in future.

ACKNOWLEDGMENTS

This study was supported by Isfahan University of Medical
Sciences, Isfahan, Iran.

REFERENCES

1. Young RA. Control of the embryonic stem cell state. Cell 2011;144:940-54.

2. Schneider-Gadicke A, Beer-Romero P, Brown LG, Mardon G, Luoh SW,
Page DC. Putative transcription activator with alternative isoforms encoded
by human ZFX gene. Nature 1989;342:708-11.

3. Harel S, Tu EY, Weisberg S, Esquilin M, Chambers SM, Liu B, et al. ZFX
controls the self-renewal of human embryonic stem cells. PLoS One
2012;7:¢42302.

4. Huang D, Gao Q, Guo L, Zhang C, Jiang W, Li H, et al. Isolation and
identification of cancer stem-like cells in esophageal carcinoma cell lines.
Stem Cells Dev 2009;18:465-73.

5. Nikpour P, Emadi-Baygi M, Mohammad-Hashem F, Maracy MR,
Haghjooy-Javanmard S. Differential expression of ZFX gene in gastric
cancer. J Biosci 2012;37:85-90.

6.  Tricoli JV, Bracken RB. ZFY gene expression and retention in human
prostate adenocarcinoma. Genes Chromosomes Cancer 1993;6:65-72.

7. Sakhinia E, Glennie C, Hoyland JA, Menasce LP, Brady G, Miller C, et al.
Clinical quantitation of diagnostic and predictive gene expression levels in
follicular and diffuse large B-cell lymphoma by RT-PCR gene expression
profiling. Blood 2007;109:3922-8.

8. ZhouY,SuZ, HuangY,SunT,ChenS, WuT, et al. The Zfx gene is expressed
in human gliomas and is important in the proliferation and apoptosis of the
human malignant glioma cell line U251. J Exp Clin Cancer Res 2011;30:114.

9. ZhuZ LiK, XuD, LiuY, Tang H, Xie Q, et al. ZFX regulates glioma cell
proliferation and survival in vitro and in vivo. J Neurooncol 2013;112:17-25.

10. Leela G, Kumari HV. Morphological approach for the detection of brain
tumour and cancer cells. J Electron Commun Eng Res 2014;2:7-12.

11. Lichtenstein A, Lichtenstein M, Lichtenstein D, Deborah, Lichtenstein E;
2009. Available from: http://www.voicesagainstbraincancer.org/Initiatives/Ra
iseYourVoiceProgram/2WhatisCancer/tabid/85/Default.aspx. [Last updated
on 2009 Mar 26; Last cited on 2009 Jun 02].

12.  Goldsmith BJ, Wara WM, Wilson CB, Larson DA. Postoperative
irradiation for subtotally resected meningiomas. A retrospective analysis
of 140 patients treated from 1967 to 1990. J Neurosurg 1994;80:195-201.

13.  Johnson DR, O'Neill BP. Glioblastoma survival in the United States before
and during the temozolomide era. J Neurooncol 2012;107:359-64.

14.  Park DM, Rich JN. Biology of glioma cancer stem cells. Mol Cells
2009;28:7-12.

15. EmadiBaygi M, Soheili ZS, Schmitz |, Sameie S, Schulz WA. Snail regulates
cell survival and inhibits cellular senescence in human metastatic prostate
cancer cell lines. Cell Biol Toxicol 2010;26:553-67.

16. Jiang R, Gao ZL, Sun M, Zhang XY, Wang JC, Wu H. Zinc finger

5



20.

21.

22.

23.

Afzali, et al.: Expression of ZFXin human brain tumors

X-chromosomal protein promotes growth and tumorigenesis in human
osteosarcoma cells. Pak J Med Sci 2013;29:997-1002.

Lai KP, Chen J, He M, Ching AK, Lau C, Lai PB, et al. Overexpression of
ZFX confers self-renewal and chemoresistance properties in hepatocellular
carcinoma. Int J Cancer 2014;135:1790-9.

Jiang R, Wang JC, Sun M, Zhang XY, Wu H. Zinc finger X-chromosomal
protein (ZFX) promotes solid agar colony growth of osteosarcoma cells.
Oncol Res 2012;20:565-70.

Jiang H, Zhang L, Liu J, Chen Z, Na R, Ding G, et al. Knockdown of zinc
finger protein X-linked inhibits prostate cancer cell proliferation and induces
apoptosis by activating caspase-3 and caspase-9. Cancer Gene Ther
2012;19:684-9.

Yang H, LuY, Zheng Y, Yu X, Xia X, He X, et al. shRNA-mediated silencing
of ZFX attenuated the proliferation of breast cancer cells. Cancer Chemother
Pharmacol 2014;73:569-76.

Wu'S, Lao XY, SunTT, Ren LL, Kong X, Wang JL, et al. Knockdown of ZFX
inhibits gastric cancer cell growth in vitro and in vivo via downregulating
the ERK-MAPK pathway. Cancer Lett 2013;337:293-300.

Jiang M, Xu S, Yue W, Zhao X, Zhang L, Zhang C, et al. The role of ZFX
in non-small cell lung cancer development. Oncol Res 2012;20:171-8.
Tan Z, Zhang S, Li M, Wu X, Weng H, Ding Q, et al. Regulation of

24.

25.

26.

27.

28.

29.

cell proliferation and migration in gallbladder cancer by zinc finger
X-chromosomal protein. Gene 2013;528:261-6.

Nutt CL, Mani DR, Betensky RA, Tamayo P, Cairncross JG, Ladd C, et al.
Gene expression-based classification of malignant gliomas correlates better
with survival than histological classification. Cancer Res 2003;63:1602-7.
Kotliarov Y, Steed ME, Christopher N, Walling J, Su Q, Center A, et al.
High-resolution global genomic survey of 178 gliomas reveals novel
regions of copy number alteration and allelic imbalances. Cancer Res
2006;66:9428-36.

Kalan C, Burrows EH. Calcification in intracranial gliomata. Br J Radiol
1962;35:589-602.

Wolf BS. Introduction to neuroradiology. JAMA 1972;220:1748.

Rath BH, Fair JM, Jamal M, Camphausen K, Tofilon PJ. Astrocytes
enhance the invasion potential of glioblastoma stem-like cells. PLoS One
2013;8:€54752.

Zadeh G, Reti R, Koushan K, Baoping Q, Shannon P, Guha A. Regulation
of the pathological vasculature of malignant astrocytomas by angiopoietin-1.
Neoplasia 2005;7:1081-90.

Source of Support: Nil, Conflict of Interest: None declared.

Advanced Biomedical Research | 2015



