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Uptake of high-dose folic acid decreases cell viability and
proliferation via JAK/STAT pathway in human prostate

cancer cells
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ABSTRACT

Aims: Several studies demonstrated that folic acid (FA) supplementation had some effects
on prostate cancer initiation. In this study, the effect of FA concentration was evaluated on
proliferation and viability in prostate cancer cells (PCCs). Additionally, we also determined the
genes dysregulated by the uptake of a certain amount of FA in prostate cancer.

Methods: Changes in cell viability and proliferation were analyzed in PCC for low-dose (Group-1;
1 uM, 10 uM, 100 uM) and high-dose (Group-2; T mM, 10 mM) FA concentrations by Trypan blue
staining and MTT assay, respectively. mRNA expression level of FOLR1, FOLR2 FOLR3, JACKI,
STAT3, STAT5/A, STAT5/B, PIAS1, PTPN1, and SOCST were determined by quantitative real-time
polymerase chain reaction.

Results: Cell viability and proliferation were significantly lower than healthy prostate epithelial
cells in high-dose FA-treated PCCs. mRNA expressions of FOLR1, JAK1, and STAT3 were
significantly upregulated in high-dose FA-treated PCCs compared with the controls. There were
no significant alterations in the expression of FOLR2-3, STAT5A/5B, PIAS1, and PTPN1 genes,
however, SOCST mRNA expression was significantly lower than the controls.

Conclusions: Low-dose FA showed no effect on cell viability and proliferation, whereas viability
and proliferation were decreased by the uptake of high-dose FA that was supposed to stimulate
the mRNA expression of FOLRT in PCCs. Decreased SOCST and increased JAKT and STAT3 gene
expressions implicate the dosage-dependent FA effect on JAK/STAT signaling pathway in
prostate cancer.

Introduction

induces dose-dependent proliferation of FR1-positive Hela

There are three types of folate receptors (FR1-adult form,
FR2-fetal form and FR3) that transport folate via endocytosis and
are activated by folic acid (FA) in the cell (1). These receptors
are encoded by FOLR1, FOLR2 and FOLR3 genes, respectively
(2). FA acts as a cofactor in DNA synthesis, repair, and
methylation (3,4). Several reports have indicated that the lack of
FA results in epigenetic changes, inefficient DNA synthesis and
defective cell proliferation (5-7). Additionally, folate deficiency
is involved in various diseases such as neural tube defects,
anemia, atherosclerosis, and several types of cancers (6,8-11).
However, there are conflicting data regarding the effect of FA
in the development of tumors. Kuo et al. (6) pointed out that
FA inhibits colon cancer cell proliferation. In contrast, Hansen
et al. (12) reported that FA activates JAK/STAT pathway and

cells. Hyperactivation of STAT transcription factors with FA
stimulates hematologic malignancies and solid tumors including
breast, lung, liver, head and neck, and stomach cancers (13).
Moreover, increased activation of the JAK/STAT signaling is
associated with a worse prognosis, increased recurrence, and
poor overall survival (13,14).

Prostate cancer is one of the most common causes of cancer
deaths in men (3). This type of cancer originates in the gland
cells of the prostate. The epithelial cells in the prostate (basal,
luminal, and neuroendocrine types) are the possible targets for
cancer initiation and progression (15). Several authors have
reported that dietary supplementation with vitamins or minerals
does not affect tumor formation in the prostate (16,17). However,
epidemiological studies demonstrated that while low-dose FA
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could prevent prostate cancer, high-dose FA increases the risk
of malignancy (18).

How FA induces tumor formation is not currently known.
Various signaling pathways that halt cell growth and metastasis
in prostate cancer have been elucidated by in vitro and in
vivo studies (19,20). However, more studies are needed in a
molecular aspect to understand whether FA has any effect on
prostate cancer progression.

In addition to FA, several studies have been done to
understand the molecular basis of prostate cancer and to improve
therapeutic strategies by identifying molecular targets. Among
them, PIAS1 (protein inhibitors of activated STAT) is a target that
modulates various signaling pathways. It has been reported that
PIAS1 expression is elevated in metastatic prostate cancer, and
it has a significant role in tumor progression (21). Moreover, it
has been demonstrated that overexpression of PTPN1 (protein-
tyrosine phosphatase 1B) leads to neuroendocrine differentiation
of prostate cancer cells (PCCs) (22) and it was indicated as a
promoter of prostatic cell growth (23). Furthermore, SOCS1
(suppressor of cytokine signaling 1) has also been demonstrated
as a dysregulated tumor suppressor gene in prostate cancer
and could be used as a prognostic biomarker (24). Additionally,
all these proteins regulate JAK/STAT signaling pathway (25-27).
However, no evidence has been reported regarding the role of
FA on these factors associated with prostate cancer progression.

In this study, the effects of variable FA concentrations on the
proliferation and viability of PCCs were evaluated and compared
with prostate epithelial cells (PECs) to understand whether FA
acts on prostate cancer progression. Moreover, we determined
the expression level of potential genes related to FA transport
and the JAK/STAT pathway.

Methods

Cell culture

Healthy human PEC line (ATCC® PCS-440-010™) and human
PCC line (ATCC® PC3-CRL-1435™) were cultured in RPMI-
8226 1640 (Sigma-Aldrich-R8758) including 10% (v/v) FBS
(BiochromAG, Germany) and 1% (v/v) gentamicin (Biological
Industries, Israel) at 37 °C in 5% CO,. Two groups [(Group-1;
low-dose FA (1 uM, 10 uM, 100 uM) and Group-2; high-dose FA
(1 mM, 10 mM)] were established for each cell line.

Preparation of FA solution
FA (Sigma) was diluted in RPMI-8226 1640 (Sigma-

Aldrich-R8758) at different concentrations (1 uM, 10 yM, 100
pM, 1 mM, 10 Mm).

Cell viability assay

Trypan blue (Sigma) was used to assess cell viability. It was
diluted at 0.8 mM in PBS and mixed with the cells in a 1:1 ratio.
In this method, live (viable) and dead (non-viable) cells were
counted on a hemocytometer (28).
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MTT assay

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide; thiazolyl blue) is a colorimetric assay to measure
the metabolic activity of cells, and it was used as an indicator
of cell proliferation in the current study. Cell proliferation was
estimated by MTT after 3x10* cells in a culture flask were
treated with variable concentrations of FA (1 uM, 10 uM, 100
UM, 1 mM, 10 mM) for 24 h.

RNA isolation and cDNA synthesis

Cells were harvested using trypsin/EDTA solution (Sigma
Aldrich/T4049) after 24 h. Total RNA was extracted in each
group via a High Pure RNA Isolation kit (Roche). cDNAs were
synthesized using the RevertAid First Strand cDNA synthesis
kit (ThermoFisher). The quality of cDNAs was checked with 2%
agarose gel.

Quantitative real-time polymerase chain reaction

Selected genes [FOLR1 (OMIM: 136430), FOLR2 (OMIM:
136425), FOLR3 (OMIM: 602469), JAK1 (OMIM: 147795),
STAT3 (OMIM: 102582), STAT5/A (OMIM: 601511), STAT5/B
(OMIM: 601512) PIAS1 (OMIM: 603566), PTPN1 (OMIM:
176885) and SOCS7 (OMIM: 603597)] were analyzed by
quantitative real-time polymerase chain reaction (QRT-PCR).
ACTB (OMIM: 102630) was used as an internal control. All
the forward and reverse primer sequences were retrieved
from the PrimerBank database (https://pga.mgh.harvard.edu/
primerbank/). Each qRT-PCR was performed in a 20 pL reaction
by using LightCycler® 480 System. To get optimum results, qRT-
PCR reactions were performed six times for each gene and
condition. mMRNA expression levels of FOLR1-3, JAK1, STATS3,
STAT5/A-B, PIAS1, PTPN1, and SOCS1 were determined in
FA-treated cells compared to control (untreated PCCs). Mean
values were obtained in all groups.

Statistical Analysis

The statistical significance was determined by two-tail
Student’s t-test in Microsoft Excel. P<0.05 was considered
significant.

Results

Cell viability was over 85% (between 85-92%) in normal
and PCCs in all groups (Figure 1). In Group 1, the cell viability
ratio was 89-92%. Cell viability was significant only in 10 yM
FA-treated PCCs in Group-1 (Figure 1A). However, cell viability
was lower in high-dose FA-treated PCCs compared with PECs
(Figure 1B). All other concentrations showed similar viability
ratios compared to the no FA-treated group in each PCC line
(Figure 1).

In the MTT assay, FA dosage for LD 50 (lethal dose 50) was
determined as 10 mM. Additionally, all ratios on the MTT assay
were statistically insignificant except 100 uM FA-treated PCC in
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Group-1 (Figure 2A). However, cell proliferation was reduced in
parallel with the elevation of FA concentration in PCCs compared
to PECs (Figure 2B). Overall, cell viability and proliferation were
not affected in Group 1, but they were significantly decreased
in Group 2.

MRNA expression levels of selected genes were studied
in PCCs and controls for 1 pM, 1 mM, and 10 mM FA
concentrations by gqRT-PCR (Figure 3). FOLR1 expression
was significantly upregulated in PCCs compared to PECs
at all FA concentrations (Figure 3A). No significant difference
was determined for FOLR2 and FOLR3 gene expression
(Figure 3A). Additionally, JAKT mRNA expression was slightly
but significantly increased compared to controls (Figure 3B).
However, STAT3 gene expression was significantly upregulated
with increasing concentrations of FA (Figure 3B). No significant
difference could be obtained for STAT5/A and STAT5/B gene
expression (Figure 3B). Furthermore, SOCS1, an inhibitor of
the JAK/STAT signaling pathway, PTPN1, an inducer of PCC
growth and PIAS1, an inhibitor of the activated STAT pathway,
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were also studied at the mRNA level. Although no significant
difference was obtained for PTPN1 and PIAS1 gene expression,
mRNA expression of SOCS 1 was downregulated with increasing
concentrations of FA (Figure 3C).

Discussion

In this study, low-dose FA showed no effect on cell viability
and proliferation in PCCs. However, the uptake of high-dose
FA decreased cell viability and proliferation in PCCs. Moreover,
decreased SOCS7 and increased JAK7T and STAT3 gene
expressions indicated a dose-dependent effect of FA on the
JAK/STAT signaling pathway in PCCs.

Folate is a substance naturally found in fruits and vegetables.
The synthetic form of folate is FA. As a source of folate, FA is
used in dietary supplements (29). It is also essential for cell
growth and division (6). The low level of FA leads to defects
in DNA replication, methylation, and repair in the cell (30,31).
Furthermore, excessive FA levels can enhance tumor growth in
the colon, polyomavirus middle-T-induced breast, and prostate
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Figure 1. A, B) The effect of variable FA concentrations on the viability of prostate cancer cells
PEC: Prostate epithelial cell, PCC: Prostate cancer cell, FA: Folic acid *p<0.05, **p=0.05. P values were calculated by comparing untreated and treated PCC
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Figure 2. A, B) The results of the MTT assay to estimate prostate cell proliferation after FA treatments
PEC: Prostate epithelial cell, PCC: Prostate cancer cell, FA: Folic acid *p<0.05, **p=0.05. P values were calculated by comparing untreated and

treated PCCs



cancer (32-34). Despite these findings, a few epidemiological
studies have shown that FA can prevent prostate cancer at low
doses. Therefore, the use of excessive FA may increase the risk
of malignancy in the prostate gland (35). The National Cancer
Institute of the USA (NCI) describes folate as a protective agent
against prostate cancer. Additionally, NCI has also declared
FA as a risk factor for prostate cancer when taken at high
levels as a supplement (29). Interestingly, for the first time, we
demonstrated that excess cellular FA reduced cell proliferation
and viability in PCCs.

FRs are overexpressed on the cell surface of solid tumor cells,
including ovarian, kidney, lung, brain, endometrial, colorectal,
pancreatic, gastric, prostate, testicular, bladder, head and neck,
breast, and lung cancer (36). In our study, mRNA expression
of FOLR1 was increased in high-dose FA-treated PCCs
compared to controls. In contrast, mMRNA expressions of FOLR2
and FOLR3 were not significant compared with the controls. It
can be suggested that the increasing level of FA concentration
causes upregulation of FOLR1 but not FOLR2 and FOLRS3 in
PCCs. Several factors regulate FOLR1 expression, such as
extracellular folate concentration, intracellular homocysteine
concentration, and epigenetic and hormonal regulations (36).
Here, we could demonstrate the positive effect of an increase
in the level of FA concentration in promoting the expression of
FOLR1 mRNA. Recently, Jia et al. (37) reported that elevated
core-fucosylation of FOLR1 can enhance the uptake of folate
to the cell to induce epithelial-mesenchymal transition which
triggers metastasis and invasion of hepatocellular carcinoma.
This finding suggests that FA concentration might not be the
only factor to enhance FOLR1, but also post-translational
modifications of the protein should be considered and PEC-
specific glycoproteomic-based studies should be performed.

We identified that mRNA expression of JAK7 and STAT3
was upregulated with increasing concentrations of FA compared
to controls. However, downregulated SOCS7 mRNA expression
suggests the suppression of this tumor suppressor gene with the
elevated level of FA in PCCs. The SOCS family of proteins are
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negative-feedback inhibitors of signaling induced by cytokines
that act via the JAK/STAT pathway (38). Furthermore, SOCS1
acts as a negative regulator of STAT3 (39). These earlier findings
confirm our study in which SOCS1 is downregulated and STAT3
is upregulated in high-dose FA-treated PCCs.

JAK/STAT pathway, a well-known intracellular signal chain,
includes proteins that act on signal transduction. This signaling
pathway affects several processes such as cell division, cell
death, tumor formation and immunity (40). Additionally, JAK/
STAT signaling can change the transcriptional regulation of
genes that have a role in cell division (41). Excessive production
of STAT proteins has been associated with cancer, in particular
aggressive tumor types (42). Groner and von Manstein (43)
reported that high-level STAT3 in a cell stimulated BCL2 and
c-Myc genes, which are involved in cell division. These findings
are inconsistent with our FA-treated PCCs study in which JAK1
and STAT3 mRNA expressions were upregulated, and cell
proliferation was decreased. Furthermore, since SOCS has a
role in the inhibition of JAK/STAT signaling (38,42), it can be
suggested that decreased level of SOCS1 is a critical factor
to induce JAK/STAT signaling but an unknown mechanism
decelerate prostate cancer progression. These findings may
pave the way to investigate the effect of high-dose FA on JAK1
and STAT3 with further studies.

Study Limitations

The basic limitation of this study is the use of only one type
of PCC. More detailed studies should be performed to reveal the
precise effect of high-dose FA on prostate cancer.

Conclusion

In  conclusion, we demonstrated increased mMRNA
expression levels of FOLR1, JAK1, and STAT3 in PCCs
compared to control depending on the increased uptake of FA.
These findings emphasize that a higher level of cellular FA might
decrease SOCS1 expression and trigger JAK/STAT signaling by
inducing JAK1 and STAT3. FA may play a dual role in prostate
carcinogenesis and circulating FA at high concentration might
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Figure 3. A, B) Gene expression analysis of selected genes

PCC: Prostate cancer cell, FA: Folic acid. Control is the untreated PCC group. **p=0.05, ***p<0.005. P values were calculated by comparing untreated
and treated PCCs. Blank columns represent no obtained data for related genes
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enhance prostate cancer progression (44) or high-dose cellular
FA may reduce the proliferation of PCCs via dysregulation of
JAK/STAT signaling. However, new molecular targets should be
identified to define the effect of a higher concentration of FA on
the SOCS1/JAK/STAT pathway, which could clarify how PCC
proliferation is inhibited.

Ethics

Ethics Committee Approval: This study was approved
by the Gulhane Military Medical Academy Ethics Committee
(17/11/2014- GATA Ethics Committee decision 2014-Session 46).

Informed Consent: Since it was a study based on a
commercial cell line no consent form was obtained.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: $.G., Z.D.C., Concept: $.G.,
Z.D.C.,Design: $.G.,Z.D.C., Data Collection or Processing: S.G.,
Z.D.C., H.G., Analysis or Interpretation: $.G., Z.D.C., H.G,,
Literature Search: $.G., H.G., Writing: $.G., H.G.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Zhao R, Matherly LH, Goldman ID. Membrane transporters
and folate homeostasis: intestinal absorption and transport
into systemic compartments and tissues. Expert Rev Mol Med.
2009;11:e4.

2. Kelemen LE. The role of folate receptor alpha in cancer
development, progression and treatment: cause, consequence
or innocent bystander? Int J Cancer. 2006;119:243-250.

3. Weinstein SJ, Hartman TJ, Stolzenberg-Solomon R, et al. Null
association between prostate cancer and serum folate, vitamin
B(6), vitamin B(12), and homocysteine. Cancer Epidemiol
Biomarkers Prev. 2003;12:1271-1272.

4. Ebisch IM, Thomas CM, Peters WH, Braat DD, Steegers-
Theunissen RP. The importance of folate, zinc and antioxidants
in the pathogenesis and prevention of subfertility. Hum Reprod
Update. 2007;13:163-174.

5.  Mason JB, Choi SW. Folate and carcinogenesis: developing
a unifying hypothesis. Adv Enzyme Regul. 2000;40:127-141.

6. Kuo CT, Chang C, Lee WS. Folic acid inhibits COLO-205 colon
cancer cell proliferation through activating the FRa/c-SRC/
ERK1/2/NFkB/TP53 pathway: in vitro and in vivo studies. Sci
Rep. 2015;5:11187.

7. Wang H, Fan Q, Zhang L, et al. Folate-targeted PTEN/AKT/
P53 signaling pathway promotes apoptosis in breast cancer
cells. Pteridines. 2020;31:158-164.

8. Verhaar MC, Stroes E, Rabelink TJ. Folates and cardiovascular
disease. Arterioscler Throm Vasc Biol. 2002;22:6-13.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Vergel RG, Sanchez LR, Heredero BL, Rodriguez PL,
Martinez AJ. Primary prevention of neural tube defects with
folic acid supplementation: Cuban experience. Prenat Diagn.
1990;10:149-152.

Vollset SE, Clarke R, Lewington S, et al. Effects of folic acid
supplementation on overall and site-specific cancer incidence
during the randomized trials: meta-analyses of data on 50,000
individuals. Lancet. 2013;23:1029-1036.

Kim YI. Does a high folate intake increase the risk of breast
cancer? Nutr Rev. 2006;64:468-475.

Hansen MF, Greibe E, Skovbjerg S, et al. Folic acid mediates
activation of the pro-oncogene STAT3 via the Folate Receptor
alpha. Cell Signal. 2015;27:1356-1368.

Qureshy Z, Johnson DE, Grandis JR. Targeting the JAK/
STAT pathway in solid tumors. J Cancer Metastasis Treat.
2020;6:27.

Cabarkapa S, Perera M, McGrath S, Lawrentschuk N.
Prostate cancer screening with prostate-specific antigen: A
guide to the guidelines. Prostate Int. 2016;4:125-129.

Lawson DA, Zong Y, Memarzadeh S, Xin L, Huang J, Witte
ON. Witte. Basal epithelial stem cells are efficient targets
for prostate cancer initiation. Proce Natl Acad Sci USA.
2010;107:2610-2615.

McGuire S. World Cancer Report 2014. Geneva, Switzerland:
World Health Organization, International Agency for Research
on Cancer, WHO Press, 2015. Adv Nutr. 2016;7:418-419.

Stratton J, Godwin M. The effect of supplemental vitamins and
minerals on the development of prostate cancer: A systematic
review and meta-analysis. Fam Pract. 2011;28:243-252.

Pieroth R, Paver S, Day S, Lammersfeld C. Folate and lIts
Impact on Cancer Risk. Curr Nutr Rep. 2018;7:70-84

Shen MM, Abate-Shen C. Molecular genetics of prostate
cancer: new prospects for old challenges. Genes Dev.
2010;24:1967-2000.

Packer JR, Maitland NJ. The molecular and cellular
origin of human prostate cancer. Biochim Biophys Acta.
2016;1863:1238-1260.

Puhr M, Hoefer J, Eigentler A, et al. PIAS1 is a determinant
of poor survival and acts as a positive feedback regulator of
AR signaling through enhanced AR stabilization in prostate
cancer. Oncogene. 2016;3:2322-2332.

Nunes-Xavier CE, Mingo J, Lépez JI, Pulido R. The role of
protein tyrosine phosphatases in prostate cancer biology.
Biochim Biophys Acta Mol Cell Res. 2019;1866:102-113.

Sivaganesh V, Sivaganesh V, Scanlon C, et al. Protein
Tyrosine Phosphatases: Mechanisms in Cancer. Int J Mol Sci.
2021;22:12865.

Chevrier M, Bobbala D, Villalobos-Hernandez A, et al.
Expression of SOCS1 and the downstream targets of its
putative tumor suppressor functions in prostate cancer. BMC
Cancer. 2017;17:157.

Niu GJ, Xu JD, Yuan WJ, et al. Protein Inhibitor of Activated
STAT (PIAS) Negatively Regulates the JAK/STAT Pathway
by Inhibiting STAT Phosphorylation and Translocation. Front
Immunol. 2019;9:2392.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Pike KA, Tremblay ML. TC-PTP and PTP1B: Regulating JAK-
STAT signaling, controlling lymphoid malignancies. Cytokine.
2016;82:52-57.

La Manna S, De Benedictis |, Marasco D. Proteomimetics of
Natural Regulators of JAK-STAT Pathway: Novel Therapeutic
Perspectives. Front Mol Biosci. 2022;8:792546.

Coco-Martin JM, Oberink JW, van der Velden-de Groot TA,
Beuvery EC. Viability measurements of hybridoma cells in
suspension cultures. Cytotechnology. 1992;8:57-64.

Boyles AL, Yetley EA, Thayer KA, Coates PM. Safe use of high
intakes of folic acid: research challenges and paths forward.
Nutr Rev. 2016;74:469-474.

Rampersaud GC, Kauwell GP, Hutson AD, Cerda JJ, Bailey
LB. Genomic DNA methylation decreases in response to
moderate folate depletion in elderly women. Am J Clin Nutr.
2000;72:998-1003.

Duthie SJ, Narayanan S, Blum S, Pirie L, Brand GM. Folate
deficiency in vitro induces uracil misincorporation and
DNA hypomethylation and inhibits DNA excision repair in
immortalized normal human colon epithelial cells. Nutr Cancer.
2000;37:245-251.

Petersen LF, Brockton NT, Bakkar A, et al. Elevated
physiological levels of folic acid can increase in vitro growth and
invasiveness of prostate cancer cells. BJU Int. 2012;109:788-
795.

Song J, Sohn KJ, Medline A, Ash C, Gallinger S, Kim YI.
Chemopreventive effects of dietary folate on intestinal polyps
in Apc+/— Msh2-/- mice. Cancer Res. 2000;60:3191-3199.

Hansen MF, Jensen S@, Fichtbauer EM, Martensen PM.
High folic acid diet enhances tumour growth in PyMT-induced
breast cancer. 2017;116:752-761.

Sun FV, Hu QF, Xia GW. Roles of folate metabolism in prostate
cancer. Zhonghua Nan Ke Xue. 2015;21:659-662.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Glran et al. FA decreases prostate cancer cell viability

Assaraf YG, Leamon CP, Reddy JA. The folate receptor as a
rational therapeutic target for personalized cancer treatment.
Drug Ressist Updat. 2014;17:89-95.

Jia L, Li J, Li P, et al. Site-specific glycoproteomic analysis
revealing increased core-fucosylation on FOLR1 enhances
folate uptake capacity of HCC cells to promote EMT.
Theranostics. 2021;11:6905-6921.

Tamiya T, Kashiwagi |, Takahashi R, Yasukawa H, Yoshimura A.
Suppressors of cytokine signaling (SOCS) proteins and JAK/
STAT pathways: regulation of T-cell inflammation by SOCS1
and SOCS3. Arterioscler Thromb Vasc Biol. 2011;31:980-985.

Bagnyukova TV, Tryndyak VP, Muskhelishvili L, Ross SA,
Beland FA, Pogribny IP. Epigenetic downregulation of the
suppressor of cytokine signaling 1 (Socs1) gene is associated
with the STAT3 activation and development of hepatocellular
carcinoma induced by methyl-deficiency in rats. Cell Cycle.
2008;7:3202-3210.

Thomas SJ, Snowden JA, Zeidler MP, Danson SJ. The role
of JAK/STAT signaling in the pathogenesis, prognosis and
treatment of solid tumours. Br J Cancer. 2015;113:365-371.

Bousoik E, Montazeri Aliabadi H.“Do We Know Jack” About
JAK? A Closer Look at JAK/STAT Signaling Pathway. Front
Oncol. 2018;8:287.

Xiaoyi Hu, Jing li, Maorong Fu, Xia Zhao, Wei Wang. The JAK/
STAT signaling pathway: from bench to clinic. Signal Transduct
Target Ther. 2021;6:402.

Groner B, von Manstein V. Jak Stat signaling and cancer:
Opportunities, benefits, and side effects of targeted inhibition.
Mol Cell Endocrinol. 2017;451:1-14.

Rycyna KJ, Bacich DJ, O’Keefe DS. Opposing roles of folate in
prostate cancer. Urology. 2013;82:1197-1203.



