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Abstract: Tacrolimus (FK506) is widely used to prevent rejection of transplanted organs following organ transplan-
tation. However, the cytotoxicity of FK506 in human T lymphocytes has not been fully studied. MicroRNAs (miRNA)
are well-studied small noncoding RNAs that regulate the expression of genes at the posttranscriptional level. In this
study, we found that tacrolimus suppresses glucose metabolism through the induction of miR-202. Moreover, the
expression levels of miR-202 and hexokinase 2 exhibited a reverse correlation under FK506 treatments: FK506 in-
duced miR-202 but suppressed hexokinase 2. Both microRNA target prediction and western blotting results showed
that hexokinase 2 is a target of miR-202 in Jurkat cells. We found that the overexpression of miR-202 inhibited
hexokinase 2 expression, resulting in decreased glucose consumption. Importantly, inhibition of miR-202 rendered
Jurkat cells sensitive to tacrolimus through the promotion of glucose demand. Our study will provide new insights
into the microRNA-mediated immunotherapy of cancer cells.
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Introduction

As an immunosuppressive drug, tacrolimus
(FK506) is widely used to prevent rejection of
transplanted organs following organ transplan-
tation [1-3]. It has been reported that FK506
suppresses T cell activation through multiple
mechanisms: inducing GO/G1 cell cycle arrest
[4], inhibiting calcineurin [5] and the calcineu-
rin-dependent transcription factors [6], inhi-
biting the nuclear factor of activated T cells
(NFATc) [7], and suppressing the development
of cytotoxic/autoreactive CD8+ T cells [8]. How-
ever, the molecular mechanisms underlying
how FK506 regulates T cell activation are still
under investigation. One study reported that
FK506 could induce apoptotic signal transdu-
ction through the classical apoptosis pathway

[9]. Moreover, tacrolimus has been demonstrat-
ed to suppress glucose-induced insulin release
through the inhibition of glucokinase activity
[10], indicating that tacrolimus might partici-
pate in the regulation of cellular metabolism.

MicroRNAs (miRNA) are small noncoding RNAs
(1822 nt in length) that regulate the expression
of genes at the posttranscriptional level [11-
13]. MiRNAs bind to the mRNAs of their target
genes at the 3'UTR region to inhibit mRNA
expression [12, 13]. It has been widely report-
ed that miRNAs play essential roles in physio-
logic and pathologic bioprocesses, especially
in tumorigenesis [14, 15]. Therefore, miRNAs
could potentially serve as diagnostic markers.
MiR-202 has been reported to be a tumor sup-
pressor because its expression is downregulat-
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ed in multiple cancer types such as gastric can-
cer [16], breast cancer [17], cervical squamous
cell carcinoma [18], colorectal cancer [19], and
follicular lymphoma [20]. Moreover, it has been
shown that miR-202 directly targets the proto-
oncogene MYCN, leading to the suppression of
tumor proliferation [21]. Although miR-202 has
been reported to be involved in leukemia, its
biologic functions and molecular mechanisms
remain largely unknown.

In this study, we investigated the role of miR-
202 in tacrolimus-mediated glucose meta-
bolism in human T lymphocytes. The roles of
FK506 in the regulation of glucose metabo-
lism in Jurkat cells and the effects on miR-
202 expression were assessed. We determin-
ed whether the inhibition of miR-202 affected
the sensitivity of Jurkat cells to FK506.

Materials and methods
Cell lines and cell culture

The Jurkat human T-lymphocyte line was ob-
tained from the American Type Culture Colle-
ction (ATCC) and was maintained in RPMI-1640
(Gibco BRL, Grand Island, NY, USA) tissue cul-
ture medium supplemented with 10% fetal calf
serum and 1% penicillin-streptomycin (GIBCO
BRL, Grand Island, NY) at 37°C with 5% CO,,.
FK506 was purchased from Sigma, Shanghai,
China, and was solubilized at a stock concen-
tration of 1 mM in dimethylsulfoxide. FK506
was diluted in the RPMI-1640 to the final con-
centrations of 1 to 80 uM. All cell cultures were
incubated at 37°C with 5% CO,. Cell viability
was measured using a 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide assay at
48 hr after FK506 treatment. The antibodies
used in this study were B-actin rabbit (Cell Sig-
naling #4967) and hexokinase 2 rabbit mAb
(Cell Signaling #2867).

Cell viability assay

Jurkat cells were treated with FK506 at the
indicated concentrations for 48 hr. Cells were
seeded in a 48-well plate at a density of 1x
10* cells/well in 0.2 ml RPMI-1640 containing
10% FBS and 1% penicillin-streptomycin for an
overnight incubation. Each well was refresh-
ed with RPMI-1640 medium with 10% FBS and
1% penicillin-streptomycin the next day. Cells
were then treated with various concentrations
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of FK506 for 48 hr. Cell viability was accessed
using an MTT reagent (Sigma Diagnostics, Inc.,
St Louis, MO) and measuring the absorbance
at 590 nm with a plate reader. Relative viability
was obtained from the ratio of the absorbance
at 590 nm of FK506-treated cells to the absor-
bance at 590 nm of untreated cells. The same
experiment was repeated three times.

RNA isolation and quantitative real-time PCR
(QRT-PCR)

Total RNA was extracted from Jurkat cells us-
ing an RNeasy Mini Kit (Qiagen) according to
the manufacturer’s protocol. The concentra-
tions of RNA were determined using a Nano-
Drop ND-1000 (NanoDrop). cDNA was synthe-
sized with a First-Strand cDNA Synthesis Kit
for Real-Time PCR (Invitrogen). Primers and
probes from TagMan Gene Expression Assays
specific to hexokinase 2 were used for expres-
sion analyses, and B-actin primers and probes
(Applied Biosystems, Foster City, CA) were used
as internal controls. All quantitative PCR re-
actions were carried out in triplicate and re-
peated at least twice. The ACt for mRNA ex-
pression was calculated relative to the Ct (th-
reshold cycle) of the B-actin ribosomal RNA.
Relative mRNA expression was calculated us-
ing the formula 222°Y The following primers
were used for hexokinase 2 real time PCR:
forward, 5-GGGCATCTTGAAACAAG-3’, and re-
verse, 5-GGTCTCAAGCCCTAAG-3'. The follow-
ing primers were used for B-actin real-time
PCR: forward, 5-TGGCGCTTTTGACTCAGGAT-3’,
and reverse, 5-GGGATGTTTGCTCCAACCAA-3'.
The expression levels of miR-202-3p were as-
sayed in triplicate using the stem-loop RT-PCR
method with the Hairpin-it™™ miRNAs qPCR Qu-
antitation Kit (GenePharma, Shanghai, China).
The relative miRNA expression of miR-202-3p
was normalized to the endogenous control,
UG, using the 2249 method.

Glucose uptake assay

Jurkat cells were seeded in six-well plates
before the assay and incubated overnight, and
then, the cells were treated with or without
FK506 for 48 hr. Culture media were collected
at 48 hr and stored at -20°C until assayed.
Glucose uptake was measured using an Amplex
Red Glucose/Glucose Oxidase assay kit (Mole-
cular Probes). Absorbance was measured at
563 nm using a SpectraMax M5 plate reader
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Figure 1. Fk506 treatments suppress glucose metabolism in Jurkat cells. A: Glu-
cose uptake was measured in Jurkat cells under FK506 treatments at 1, 5, 10,
and 20 pM for 48 hr. The relative glucose uptake rates were calculated by com-
parison to the control treatment. B: Jurkat cells were treated with FK506 at O, 5,
and 10 uM for 48 hr, after which cells were collected and subjected to western
blot analysis of the expression of hexokinase 2. B-Actin was used as a loading
control. C: Jurkat cells were treated with FK506 at O, 5, and 10 uM for 48 hr, the
total RNAs of cells were isolated, and the mRNAs were analyzed by qPCR. Col-

transfection, the expres-
sion of miR-202 was de-

10um tected by real-time PCR,

B8 FK506 1 uM

3 FK506 5 uM Hexokinase 2
[ FK506 10 uM

" FK506 20 uM 5

and the expression of
hexokinase 2 was asse-
ssed by western blotting.

Western blot analysis

Cells were collected and
total proteins were isolat-
ed in lysis buffer. Equal
amounts of proteins were
first separated by 10%
SDS-PAGE and then trans-
ferred to nitrocellulose
membranes (Bio-Rad La-
boratories). The mem-
branes were blocked with
5% non-fat milk for 1 hr at
room temperature and
incubated with a rabbit
anti-hexokinase 2 anti-

umns, mean of three independent experiments; bars, SE. *, P<0.05; **, P<0.01.
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Figure 2. miR-202 is induced by FK506. Jurkat cells
were treated with FK506 at 1 uM, 5 uM, 10 uM, and
20 uM for 48 hr. Cells were collected, and the rela-
tive expression of miR-202 was analyzed by qPCR.
Columns, mean of three independent experiments;
bars, SE. *, P<0.05; **, P<0.01; ***, P<0.001.

(Molecular Devices), and the results were nor-
malized to the amount of total protein com-
pared with the control cells.

miRNA mimics and inhibitor transfection

The miR-202 mimics and inhibitors as well
as negative control microRNAs were synthe-
sized by Applied Biosystems. The microRNAs
were transfected using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
instructions. The final concentration of the miR-
202 mimics or inhibitors used in the trans-
fection were 200 nM. Forty-eight hours after
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body at a dilution of

1:1,000 or a mouse anti-
B-actin monoclonal antibody at a dilution of
1:2,000. The membranes were subsequently
incubated with a goat anti-rabbit or anti-mouse
horseradish peroxidase secondary antibody.
The protein complex was detected using
enhanced chemiluminescence reagents (Pier-
ce). B-Actin was used as the internal control.

Statistical analysis

Statistical analysis of data was performed us-
ing unpaired Student’s t test with GraphPad
StatMate software (GraphPad Software, Inc.).
All data are shown as the mean * standard
error (SE). A statistical difference of P<0.05
was considered significant.

Results

Tacrolimus treatments suppress the glucose
consumption of Jurkat cells

It has been reported that tacrolimus can re-
duce the glucokinase activity of human pan-
creatic islets [10], indicating that tacrolimus
might regulate cellular glucose metabolism. To
investigate the roles of tacrolimus in regulat-
ing glucose metabolism in human T lympho-
cytes, we treated Jurkat cells with multiple
concentrations of FK506 for 48 hr. Glucose
consumption was measured. As we expected,
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Figure 3. Hexokinase 2 is a target of miR-202. A: MicroRNA target pre-
diction shows that the sequence of the hexokinase 2 3’UTR contains
the putative miR-202 binding site. B: Western blotting results of the ex-
pressions of hexokinase 2 in the transfected miR-202 mimics or control

Jurkat cells. B-actin was used as a loading control.
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Figure 4. Overexpression of miR-202 renders Jur-
kat cells insensitive to FK506 by the suppression
of glucose uptake. A: Jurkat cells were transfected
with miR-202 mimics or control microRNAs for 48
hr, and then, relative glucose uptake assays were
performed. B: Jurkat cells were transfected with
miR-202 mimics or control microRNAs for 48 hr, and
then, the cell viabilities were measured after treat-
ments with FK506 at O, 5, 10, 20, 40, and 80 uM.
Columns, mean of three independent experiments;
bars, SE. *, P<0.05.

the glucose uptake rates significantly decre-
ased under FK506 treatments (Figure 1A).
Consistently, the expression of hexokinase 2,
which is a key glucose metabolism enzyme that
phosphorylates hexoses to hexose phosphate
was downregulated by FK506 at both the pro-
tein (Figure 1B) and mRNA levels. Our results
suggested a suppressive role for FK506 in
Jurkat cells.
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miR-202 is upregulated in re-
sponse to tacrolimus treatments

As we discussed above, the mech-
anisms of tacrolimus resistance
are still under investigation. Mean-
while, the roles of microRNAs in
the regulation of drug responses
have been intensively studied. To
explore the mechanisms of the
suppression of glucose metabo-
lism by FK506, we assessed the
microRNA expression profiles of
Jurkat cells in response to FK506
treatments. Among these regulat-
ed microRNAs, we found that miR-202 was the
most significantly upregulated microRNA by
FK506 treatments. Our real-time PCR results
indicated that the expression of miR-202 was
induced 3-fold by 20 uM FK506 (Figure 2), indi-
cating that miR-202 might play essential roles
in the tacrolimus-mediated suppression of glu-
cose metabolism.

Hexokinase 2 is a target of miR-202 in Jurkat
cells

Our results described above showed a nega-
tive correlation between miR-202 and glucose
metabolism in response to tacrolimus treat-
ments, leading us to explore the mechanisms
of the tacrolimus-mediated suppression of glu-
cose metabolism. To explore the potential tar-
gets that are inhibited by miR-202 in Jurkat
cells, we searched miRNA databases. The pub-
lic miRNA database TargetScan.com predicts
that hexokinase 2 might be a target of miR-202
and that the 3-UTR of hexokinase 2 contains
a conserved binding site from position 975 to
982 for miR-202 (Figure 3A). Then, to deter-
mine whether miR-202 targets hexokinase 2 in
Jurkat cells, we transfected miR-202 mimics
into Jurkat cells. Our results showed that the
transfection of miR-202 significantly down-re-
gulated hexokinase 2 protein in Jurkat cells
(Figure 3B), indicating that the down-regulation
of hexokinase 2 by miR-202 might be involved
in the tacrolimus-mediated suppression of glu-
cose metabolism.

Overexpression of miR-202 renders Jurkat
cells insensitive to FK506 through suppression
of glucose metabolism

To investigate the roles of miR-202 in sensitiz-
ing Jurkat cells to tacrolimus, we transfected

Int J Clin Exp Pathol 2017;10(6):6568-6574
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Figure 5. Inhibition of miR-202 sensitizes Jurkat cells
to FK506. A: Jurkat cells were transfected with an
miR-202 inhibitor or control microRNAs for 48 hr, and
then, cells were treated with or without FK506 for
48 hr; the relative expression levels of miR-202 were
measured by qPCR. B: Jurkat cells were transfected
with an miR-202 inhibitor or control microRNAs for
48 hr, and then, the cell viabilities were measured
after treatments with FK506 at 0, 2.5, 5, 10, 20, and
40 uM. Columns, mean of three independent experi-
ments; bars, SE. *, P<0.05; **, P<0.01.

miR-202 mimics into Jurkat cells and then as-
sessed glucose metabolism. Our data showed
that the overexpression of miR-202 suppress-
ed the glucose uptake of Jurkat cells (Figure
4A). The above data demonstrated that glu-
cose uptake was suppressed by FK506 (Figure
1A), indicating that cells with low glucose up-
take rates might be insensitive to FK506 treat-
ments. As we expected, the overexpression of
miR-202 rendered Jurkat cells insensitive to
FK506 (Figure 4B). The cell viabilities increas-
ed from 50% to 75% and from 28% to 62%
under treatments with FK506 at 40 and 80
UM, respectively.

Inhibition of miR-202 sensitizes Jurkat cells to
tacrolimus through the stimulation of glucose
metabolism

As we described, glucose metabolism was sup-

pressed by FK506, and the overexpression of
miR-202 in Jurkat cells decreased the sensi-
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tivity to FK506. We next determined whether
the inhibition of miR-202 in tacrolimus-treated
Jurkat cells could sensitize cells to tacrolimus
by promoting glucose demand. We measured
the expression levels of miR-202 with and with-
out FK506 treatments and with an miR-202
inhibitor. Figure 5A shows that the miR-202
level was induced by FK506, consistent with
the above results. As we expected, transfection
of the miR-202 inhibitor significantly inhibited
miR-202 expression under the FK506 treat-
ments (Figure 5A). We next measured the cell
sensitivities to FK506 with or without inhibi-
tion of miR-202 in Jurkat cells. Figure 5B dem-
onstrates that Jurkat cells were sensitive to
FK506 with the transfection of the miR-202
inhibitor. The cell viabilities decreased from
75% to 48% and from 52% to 29% under the
FK506 treatments at 20 and 40 uM, respec-
tively.

Discussion

As an immunosuppressive drug, tacrolimus is
widely used to suppress T cell activation. It has
been reported that tacrolimus suppresses glu-
cokinase activity, suggesting that this immu-
nosuppressive drug might regulate glucose
metabolism. Our data revealed the metabolic
suppression function of tacrolimus in human
Jurkat T lymphocytes, consistent with previous
studies. A previous study demonstrated that
FK506 induced cell apoptosis through nuclear
fragmentation and caspase-3 protease activa-
tion [9]. We investigated the sensitivity of Jurkat
cells to FK506 and found that FK506 could
induce Jurkat cell apoptosis, which was regu-
lated by differential levels of miR-202. miR-202
has been reported to be a tumor suppressor in
multiple cancers, and our data revealed that
miR-202 was induced by FK506. These results
are not conflicting because the mechanisms of
FK506 on tumor suppression remain unclear.

In this study, we found that hexokinase 2 was a
target of miR-202 in Jurkat cells, leading us to
explore the downstream effects of the inhibi-
tion of glucose consumption by miR-202 on cell
sensitivity to tacrolimus. Interestingly, the miR-
202 level was induced by FK506 treatments.
In contrast, hexokinase 2 was suppressed by
FK506. This phenotype led us to assess the
correlation between the FK506-mediated in-
duction of miR-202 and suppression of hexoki-

Int J Clin Exp Pathol 2017;10(6):6568-6574
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nase 2. Overexpression of miR-202 in Jurkat
cells suppressed glucose consumption by tar-
geting hexokinase 2, resulting in a low respon-
se to FK506.

In contrast to normal differentiated cells, most
cancer cells rely on aerobic glycolysis for sup-
plying both energy and building blocks for dys-
regulated cell growth [22]. On the other hand,
the higher demand for nutrition in cancer cells
renders them vulnerable to nutrition starvation.
We found that the inhibition of miR-202 induc-
ed the glucose demand of Jurkat cells, leading
to those cells becoming sensitive to FK506.
Our results are consistent with previous reports
and suggest that miR-202 might be a target for
the development of drugs for immunotherapy.

In summary, we found that FK506 suppressed
glucose metabolism through the upregulation
of miR-202, which targeted hexokinase 2. Inhi-
bition of miR-202 rendered Jurkat cells sensi-
tive to FK506 through the promotion of glucose
consumption. This study provides a new aspect
for the study of microRNA-mediated immuno-
therapy of cancer cells through the regulation
of glucose metabolism.

Acknowledgements

This study was supported by the National
Natural Science Foundation of China, Young
Scholars 81502587.

Disclosure of conflict of interest
None.

Address correspondence to: Wei-Cheng Chen, De-
partment of Pharmacy, Shanghai Seventh People’s
Hospital, Shanghai 200137, China. Tel: 86-21-586-
70561; E-mail: wei_cheng_chen@163.com; Lu-Ping
Wang, Department of Pharmacy, Tongren Hospital,
School of Medicine, Shanghai Jiaotong University,
Shanghai 200336, China. Tel: 86-21-62907147;
E-mail: Lpwang916@163.com

References

[1] Sawada S, Suzuki G, Kawase Y, Takaku F. Novel
immunosuppressive agent, fk506. In vitro ef-
fects on the cloned t cell activation. J Immunol
1987; 139: 1797-803.

[2] Assmann T, Homey B, Ruzicka T. Applications
of tacrolimus for the treatment of skin disor-
ders. Immunopharmacology 2000; 47: 203-
13.

6573

(3]

(4]

(6]

(7]

(10]

(11]

[12]

(13]

(14]

(15]

Koenen HJ, Michielsen EC, Verstappen J,
Fasse E, Joosten I. Superior t-cell suppression
by rapamycin and fk506 over rapamycin and
cyclosporine a because of abrogated cytotoxic
t-lymphocyte induction, impaired memory re-
sponses, and persistent apoptosis. Transplan-
tation 2003; 75: 1581-90.

Aghdasi B, Ye K, Resnick A, Huang A, Ha HC,
Guo X, Dawson TM, Dawson VL, Snyder SH.
Fkbp12, the 12-kda fk506-binding protein, is
a physiologic regulator of the cell cycle. Proc
Natl Acad Sci U S A 2001; 98: 2425-30.

Pardo R, Colin E, Regulier E, Aebischer P,
Deglon N, Humbert S, Saudou F. Inhibition of
calcineurin by fk506 protects against poly-
glutamine-huntingtin toxicity through an incre-
ase of huntingtin phosphorylation at s421. J
Neurosci 2006; 26: 1635-45.

Oetjen E, Thoms KM, Laufer Y, Pape D, Blume
R, Li P, Knepel W. The immunosuppressive
drugs cyclosporin a and tacrolimus inhibit
membrane depolarization-induced creb tran-
scriptional activity at the coactivator level. Br
J Pharmacol 2005; 144: 982-93.

Maguire O, Tornatore KM, O’Loughlin KL,
Venuto RC, Minderman H. Nuclear transloca-
tion of nuclear factor of activated t cells (nfat)
as a quantitative pharmacodynamic parame-
ter for tacrolimus. Cytometry A 2013; 83:
1096-104.

Demmers MW, Korevaar SS, Betjes MG, Wei-
mar W, Rowshani AT, Baan CC. Limited efficacy
of immunosuppressive drugs on cd8+ t cell-
mediated and natural killer cell-mediated lysis
of human renal tubular epithelial cells. Trans-
plantation 2014; 97: 1110-8.

Choi SJ, You HS, Chung SY. Tacrolimus-induced
apoptotic signal transduction pathway. Trans-
plant Proc 2008; 40: 2734-6.

Radu RG, Fujimoto S, Mukai E, Takehiro M,
Shimono D, Nabe K, Shimodahira M, Kominato
R, Aramaki Y, Nishi Y, Funakoshi S, Yamada Y,
Seino Y. Tacrolimus suppresses glucose-in-
duced insulin release from pancreatic islets
by reducing glucokinase activity. Am J Physiol
Endocrinol Metab 2005; 288: E365-71.
Ambros V. The functions of animal micrornas.
Nature 2004; 431: 350-5.

Bartel DP. Micrornas: target recognition and
regulatory functions. Cell 2009; 136: 215-33.
Shukla GC, Singh J, Barik S. Micrornas: pro-
cessing, maturation, target recognition and re-
gulatory functions. Mol Cell Pharmacol 2011;
3:83-92.

Hayes J, Peruzzi PP, Lawler S. Micrornas in can-
cer: biomarkers, functions and therapy. Trends
Mol Med 2014; 20: 460-9.

Jansson MD, Lund AH. Microrna and cancer.
Mol Oncol 2012; 6: 590-610.

Int J Clin Exp Pathol 2017;10(6):6568-6574


mailto:wei_cheng_chen@163.com
mailto:Lpwang916@163.com

(17]

(19]

6574

MiR-202 to tacrolimus through hexokinase 2 in Jurkat human T lymphocytes

ZhaoY, Li C, Wang M, Su L, QuY, Li J, Yu B, Yan
M, Yu Y, Liu B, Zhu Z. Decrease of mir-202-3p
expression, a novel tumor suppressor, in gas-
tric cancer. PLoS One 2013; 8: e69756.
Schrauder MG, Strick R, Schulz-Wendtland R,
Strissel PL, Kahmann L, Loehberg CR, Lux MP,
Jud SM, Hartmann A, Hein A, Bayer CM, Bani
MR, Richter S, Adamietz BR, Wenkel E, Rauh C,
Beckmann MW, Fasching PA. Circulating mi-
cro-rnas as potential blood-based markers for
early stage breast cancer detection. PLoS One
2012; 7: €29770.

Zhang Y, Dai Y, Huang Y, Ma L, Yin Y, Tang M,
Hu C. Microarray profile of micro-ribonucleic
acid in tumor tissue from cervical squamous
cell carcinoma without human papillomavirus.
J Obstet Gynaecol Res 2009; 35: 842-9.

Ng EK, Chong WW, Jin H, Lam EK, Shin VY, Yu
J, Poon TC, Ng SS, Sung JJ. Differential ex-
pression of micrornas in plasma of patients
with colorectal cancer: a potential marker for
colorectal cancer screening. Gut 2009; 58:
1375-81.

[20]

[22]

Hoffman AE, Liu R, Fu A, Zheng T, Slack F, Zhu
Y. Targetome profiling, pathway analysis and
genetic association study implicate mir-202
in lymphomagenesis. Cancer Epidemiol Bio-
markers Prev 2013; 22: 327-36.

Buechner J, Tomte E, Haug BH, Henriksen JR,
Lokke C, Flaegstad T, Einvik C. Tumour-suppre-
ssor micrornas let-7 and mir-101 target the
proto-oncogene mycn and inhibit cell prolife-
ration in mycn-amplified neuroblastoma. Br J
Cancer 2011; 105: 296-303.

Vander HM, Cantley LC, Thompson CB. Under-
standing the warburg effect: the metabolic re-
quirements of cell proliferation. Science 2009;
324:1029-33.

Int J Clin Exp Pathol 2017;10(6):6568-6574



