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Purpose: This study investigated the Jurkat T cell line expresses cytotoxicity when 
treated with different concentrations of FK506, and analyzed the expression pattern 
of microRNA when stimulated by FK506 using the microRNAs microarray, as well 
as the expression pattern of a gene that is related to the differentiation, activation and 
proliferation of T cells after being affected by the change of microRNAs.

Methods: To investigate the effects of FK506 on microRNA expression, we purified 
total RNA of Jurkat cells treated with 20 μM FK506 for 72 hours and used to 
analyze microRNA profiling by using Agilent’s chip.

Results: These results demonstrated that treatment with FK506 markedly induced 
the down-regulation of 20 microRNAs as well as the up-regulation of 20 
microRNAs in a time-dependent manner. The genes that down-regulated by FK506 
include let-7a*, miR-20a*, and miR-487a. Otherwise miR-202, miR-485-5p, and 
miR-518c* are gradually up-regulated in expression. Sanger Institute and DAVIDs 
bioinformatics indicated that microRNAs regulated the several transcriptomes 
including nuclear factor of activated T cell-related, T cell receptor/interleukin-2 
signaling, and Ca2+-calmodulin-dependent phosphatase calcineurin pathways. 

Conclusion: As a result of treating FK506 to a Jurkat cell line and running the 
microRNA microarray, it was found that FK506 not only took part in the 
suppression of T cell proliferation/activation by inhibiting calcineurin in Jurkat 
apoptosis, but also affected the microRNAs that are involved in the regulation of 
various signal transduction pathways. 

INTRODUCTION

Tacrolimus (FK506) is an immunosuppressive drug, discovered in 1984 from 
Streptomyces tsukubaensis, that is used to prevent rejection of transplanted organs 
following the organ transplantation [1-4]. FK506 suppresses T cell activation by 
inhibiting calcineurin and the calcineurin-dependent transcription factors, the 
nuclear factor of activated T cells (NFATc), which are the central regulators of the T 
cell function. However, the molecular mechanisms underlying how FK506 regulates 
NFATc in T cell activation are obscure. Previous studies have indicated that FK506 
efficiently blocks proliferation of T cells by inducing a G0/G1 cell cycle arrest.

MicroRNAs (miRNAs) are small RNAs that regulate the expression of comple-
mentary messenger RNAs. Hundredsof microRNA genes have been found in 
diverse animals, and many of these are phylogenetically conserved [5-7]. Recently, 
microRNAs have been shown to target particular sets of mRNAs, thereby preventing 
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translation or accelerating mRNA turnover [5,6,8,9]. Therefore 
miRNAs play important roles in normal regulation of gene 
expression for developmental timing, cell proliferation, and 
apoptosis.

This study investigated the Jurkat T cell line expresses 
cytotoxicity when treated with different concentrations of 
FK506, and analyzed the expression pattern of miRNA 
when stimulated by FK506 using the miRNAs microarray, 
as well as the expression pattern of a gene that is related to 
the differentiation, activation and proliferation of T cells after 
being affected by the change of miRNAs. Furthermore, by 
analyzing the relationship between the expression pattern 
of the genes related to apoptosis and the biological pathway, 
this study was expected to provide the new approach to the 
biological effect of FK506.

METHODS

Jurkat human T-lymphocyte lines obtained from the 
Korean type Culture collection (Seoul National University, 
Seoul, Korea) were maintained in RPMI-1640 (Gibco 
BRL, Grand Island, NY, USA) tissue culture medium 
supplemented with 10% fetal calf serum at 37oC with 5% 
CO2. FK506 was solubilized at a concentration of 5 mg/mL 
in dimethylsufoxide, maintained at 20oC, and diluted in the 
RPMI-1640 to the final concentrations of 0.1 to 100 mol/L. 
All cell cultures were incubated at 37oC with 5% CO2. Cell 
viability was measured using a 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazoliumbromid assay at 24 and 48 hours after 
FK506 treatment.

RNA extraction
RNA was extracted from cell lines using a standard Trizol 

(Invitrogen, Carlsbad, CA, USA) protocol, and modified by 
washing the final RNA pellet with 70% EtOH. The cell lines 
were sectioned on a cryostat prior to homogenization in 
Trizol. RNA quantity and quality were assessed by Nanodrop 
(Genomic Tree, Daejeon, Korea) and Agilent 2100 bioanalyzer 
(Agilent Technologies, Santa Clara, CA, USA), respectively.

MicroRNA labeling and hybridization were done by using 
Cy3-dyed total RNA. Our miRNA microarray (Agilent’s 
Human genome 4 × 1.5 K glass slide) contained a probe 
for 534 mature human microRNAs and 64 mature viral 
microRNAs (Sanger miRBase release 9.1).

Unbound sample was removed from the beads by washing 
with 1× TE and resuspending in 1× tetramethylammonium 
chloride buffer after the hybridization. Streptavidin-phycoery-
thrin, premium grade (Invitrogen) was added to the beads 
(1:100 dilution) and incubated for 10 minutes at 50oC to bind 
to biotin moieties on the cDNA. Samples were scanned by the 

laser confocal scanner (G2565BA, Agilent Technologies) and 
median fluorescence intensity values were acquired using the 
Feature extraction software (Agilent Technologies).

-  Amplification and labeling: performed using the Agilent’s                 
 Low RNA Input Linear Amplification kit PLUS. 

-  Microarray hybridization: performed using the Agilent’s 
 Gene Expression Hybridization Kit.

-  Microarray wash: used the Agilent’s Gene Expression 
 Wash Buffer Kit. 

-  Scan and image analysis: used the Agilent’s DNA micro 
 array scanner and the Feature Extraction Software. 

The experiments were repeated three times each. The 
analysis of the microarray result used the Agilent’s GeneSpring 
Software to sort the miRNAs that showed increase or decrease 
by normalization, clustering and filtering. And to identify 
the function of the target genes of these miRNAs, DAVID’s 
program from the website was used to analyze the biological 
function.  

RESULTS

As a result of treating Jurkat cell line with various durations 
and concentrations of FK506, 10 μM of FK506 lowered the 
viability of the cell to 92.2% after 24 hours of treatment, 
77.3% after 48 hours, 62.5% after 72 hours, and 46.2% after 

Fig. 1. Regulation of microRNAs expression in Jurkat T cell after FK506 treatment. 
Differentially expressed microRNAs were analyzed by hierarchical clustering of the 
log 2 value of each microRNA microarray signal at 24, 48, and 72 hours. Red, up-
regulation; Green, down-regulation; Black, no change.
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96 hours. With 20 μM of FK506, the viabilities were 87.2% 
after 24 hours, 68.4% after 48 hours, 45.7% after 72 hours, and 
22.45% after 96 hours. Also, 30 μM of FK506 showed 78.08%, 
56.52%, 33.49%, and 12.91% viability at above mentioned 
durations, respectively. Therefore, the treatment with FK506 
decreased the viability of human Jurkat T-cell in dose- and 
time-dependent manners. Thus in this study, the cell line was 
treated with 20 μM of FK506 for 72 hours, the combination 
of which shows roughly 50% viability, for the microRNAs 
microarray analysis. 

 Change in the microRNA expression by the effect of FK506 
during apoptosis of Jurkat cell
MicroRNA array was performed to the experimental group 

of Jurkat cell lines, which were each treated with 20 μM FK506 
for 24, 48, and 72 hours, and the changed signal intensity was 
analyzed after eliminating the background signal. The groups 
of miRNAs that were expressed more than twice, or less 
than a half compared to the control group were classified and 
marked as a cluster tree (Fig. 1). The group of miRNAs that 
were expressed more than twice the control group was marked 
red, and the group that showed the expression of less than a 
half the control group was marked green, and thereby sorted 
the miRNAs according to the pattern of expression in a time-

dependent manner. 

Analysis of the miRNAs that decreased in expression during 
FK506-mediated apoptosis of Jurkat cell
As a result of the microarray performed to the Jurkat 

cells treated with 20 μM FK506 for 24, 48, and 72 hours, the 
number of miRNAs that decreased in expression to less than 
a half compared to the control group was 21 in total, and by 
searching for any relationship between these miRNAs and 
the genes, the miRNAs miR-19a, -19a*, -19b, -20a*, -106a, 
-142-5p, -301a, -301b, and -487a were found at the end 
of mRNA of NFATC3 (NFAT4) gene, which regulates the 
apoptosis of Jurkat cell mediated by FK506 (Table 1, Fig. 2). 
Also, the entire genes that are regulated by these miRNAs 
were analyzed using DAVIDs bioinformatics, and it was found 
that the genes regulated by these microRNAs, which showed 
decreased expression, were related to the biological processes, 
such as p53 signaling pathway and the regulation of cell cycle 
(Table 2).

Analysis of the microRNAs that increased in expression 
during FK506-mediated apoptosis of Jurkat cell
As a result of the microarray performed to the Jurkat 

cells treated with 20 μM FK506 for 24, 48 and 72 hours, the 

Table 1. Decreased microRNAs regulate the specific target genes by the clustered localization

Gene_name Human miRNAs name Chr Strand Transcript_ID Transcript link Target link

CAPRIN2 hsa-miR-106a, -142-5p, -144, -19a, -19b, -29a, -29b, -301a, -301b 12 - ENST00000251071 ENST00000251071 ENST00000251071

TACC2 hsa-let-7a*, hsa-miR-7-1*, -19a, -19b, -32, -92a, -191, -487a 10 + ENST00000369005 ENST00000369005 ENST00000369005

MRAP hsa-miR-19a, -19b, -29a, -32, -92a, -301a, -301b, 503 21 + ENST00000303645 ENST00000303645 ENST00000303645

IL20 hsa-let-7a*, hsa-miR-19a, -19b, -301a, -301b, 487a, -503 1 + ENST00000367098 ENST00000367098 ENST00000367098

NFE2L2 hsa-miR-7-1*, -19*, -142-5p, -144, -301a, -301b 2 - ENST00000361004 ENST00000361004 ENST00000361004

HMGB2 hsa-let-7a*, hsa-miR-20a*, -191, -301a, -301b, -487a 4 - ENST00000296503 ENST00000296503 ENST00000296503

TNFSF5IP1 hsa-let-7a*, hsa-miR-19a, 142-5p, 196b, -487a 18 + ENST00000317615 ENST00000317615 ENST00000317615

NFATC3 hsa-miR-19a, -19b, -20a*, -142-5p, -487a 16 + ENST00000346183 ENST00000346183 ENST00000346183

NFATC3 hsa-miR-19a*, -106a, -301a, -301b 16 + ENST00000379165 ENST00000379165 ENST00000379165

HSPA2 hsa-miR-7-1*, -19a, -19b, -92a, -106a 14 + ENST00000247207 ENST00000247207 ENST00000247207

HMG1L1 hsa-miR-7-1*, -20a*, -29a, -29b, -487a 20 - ENST00000322901 ENST00000322901 ENST00000322901

BECN1 hsa-miR-19a, -19b, -29a, -29b, -144 17 - ENST00000246933 ENST00000246933 ENST00000246933

NFATC2 hsa-miR-19a*, -29a, -29b, -191 20 - ENST00000371567 ENST00000371567 ENST00000371567

NFATC2 hsa-miR-29a, -29b, -191 20 - ENST00000371564 ENST00000371564 ENST00000371564

IL2 hsa-miR-19a*, -196b, -487a 4 - ENST00000226730 ENST00000226730 ENST00000226730

IL3 hsa-miR-19a*, -19b, -503 5 + ENST00000379197 ENST00000379197 ENST00000379197

CD40 hsa-miR-29a, -29b, 503 20 + ENST00000279061 ENST00000279061 ENST00000279061

CAMKK1 hsa-miR-19a, -19b, 106a 17 - ENST00000381763 ENST00000381763 ENST00000381763

CAMK2B hsa-miR-7-1*, -29a, -29b 7 - ENST00000258682 ENST00000258682 ENST00000258682
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number of microRNAs that showed increased expression to 
more than twice of the control group was 18 in total, and by 
searching for any relationship between these microRNAs and 
the genes, the microRNAs miR-486-5p and miR-518c* were 
detected at the end of mRNA of TP53I3 gene, which is related 

to triggering p53 associated cell death. As for FKBP8 gene, 
the intracellular calcineurin inhibitor, the microRNAs miR-
330-5p and miR-631 were detected (Table 3, Fig. 3).

Also by using DAVIDs bioinformatics, the group of genes 
that are regulated by these 18 miRNAs were found to be 

Fig. 2. The microRNAs down regulated in the time dependent manners by FK506 treatment.

Table 2. The specific biological pathways were regulated by decreased microRNAs

Term Genes Count P-value

Cell cycle PLK1, CDKN1A, TP53, CDKN2D, WEE1, CDC34, RASGRF1, RPS6KA1, YWHAH, GADD45A, CHEK1, MDM2, 
  ATR, BRCA1, NPAT, MYT1, EP300, CHEK2, CCNB1

19 6.5E-4

Role of BRCA1, BRCA2 and ATR in 
  can cer susceptibility

FANCD2, RAD1, FANCE, TP53, RAD17, TREX1, HUS1, RAD50, RAD91, CHEK1, ATR, FANCA, BRCA1,    
  NPAT, RAD51, CHEK2, RANCG

17 4.7E-3

RB tumor suppressor/checkpoint 
  signal ing in response to DNA damage

RB1, CDK2, CHEK1, TP53, WEE1, NPAT, RASGRF1, MYT1, CDK4, YWHAH 10 3.6E-2

Spliceosomal assembly SNRPD3, U2AF2, SNRPE, SNRPA, U2AF1, SNRPC, SNRPA1, SNRPB, SNRP70, SNRPD2, SNRPD1 11 3.8E-2

Fibrinolysis pathway TAF1, CDKN1A, ABCB1, TP53, FHL2, CSNK1A1, HSPA1B, GADD45A, MDM2, HIC1, RPA1, HIF1A, NPAT, 
  BAX, EP300

8 6.0E-2

TGF beta signaling pathway APC, TGFB1, SKIL, MAP2K1, CDH1, MAP3K7IP1, ZFYVE9, EP300, MAPK3, SMAD4, SMAD7 11 6.5E-2

p53 signaling pathway RB1, GADD45A, CDK2, CDKN1A, MDM2, PCNA, TP53, CCNE1, NPAT, BAX, CDK4 11 6.5E-2

Hypoxia and p53 in the cardiovascular 
  system

TAF1, CDKN1A, ABCB1, TP53, FHL2, CSNK1A1, HSPA1B, GADD45A, MDM2, HIC1, RPA1, HIF1A, NPAT, 
  BAX, EP300

15 8.9E-2

Cyclins and cell cycle regulation CDC25A, CDK2, CDKN1A, CCNA1, CDK7, CDKN2A, CDKN2D, CCNE1, CCNH, RB1, CCND3, CDKN2C, 
  CCNB1, CDK4

14 9.2E-2

ATM signaling pathway CDKN1A, TP53, NFKBIA, RAD50, GADD45A, CHEK1, MDM2, TP73, BRCA1, NPAT, RBBP8, RAD51, CHEK2 13 9.6E-2
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associated with various biological processes, including calcium 
signaling pathway (Table 4).

Fig. 3. The microRNAs up regulated in time dependent manner during FK506 treatments.

DISCUSSION

Most of the studies regarding FK506 have focused primarily 

Table 3. The specific target genes were regulated in the clustered localization by increased microRNAs

Gene_name Human miRNAs name Chr Strand Transcript_ID Transcript link Target link

ZFPL1 hsa-miR-330-5p, -485-5p, -589, -586, -631 11 + ENST00000294258 ENST00000294258 ENST00000294258

TREX2 hsa-miR-202, -486-5p, 596, -631 X - ENST00000370212 ENST00000370212 ENST00000370212

TNFRSF4 hsa-miR-202, -330-5p, -486-5p, -596 1 - ENST00000379236 ENST00000379236 ENST00000379236

TNFAIP8L2 hsa-miR-330-5p, -486-5p, -518c*, -589 1 + ENST00000368910 ENST00000368910 ENST00000368910

WNT6 hsa-miR-330-5p, -485-5p, -486-5p 2 + ENST00000233948 ENST00000233948 ENST00000233948

TGFBI hsa-miR-330-5p, -485-5p, -518c* 5 + ENST00000305126 ENST00000305126 ENST00000305126

RELB hsa-miR-202, -485-5p, -596 19 + ENST00000221452 ENST00000221452 ENST00000221452

NOS3 hsa-miR-330-5p, -518c*, -631 7 + ENST00000297494 ENST00000297494 ENST00000297494

JAK3 hsa-miR-330-5p, -485-5p, -518c* 19 - ENST00000317306 ENST00000317306 ENST00000317306

HDAC8 hsa-miR-202, -330-5p, -518c* X - ENST00000373573 ENST00000373573 ENST00000373573

CARD10 hsa-miR-202, -589, -631 22 - ENST00000251973 ENST00000251973 ENST00000251973

TP53I3 hsa-miR-486-5p, -518c* 2 - ENST00000313482 ENST00000313482 ENST00000313482

SOD2 hsa-miR-202, -518c* 6 - ENST00000337404 ENST00000337404 ENST00000337404

SIRT3 hsa-miR-330-5p, -486-5p 11 - ENST00000324945 ENST00000324945 ENST00000324945

SIRT6 hsa-miR-330-5p, -486-5p 19 - ENST00000337491 ENST00000337491 ENST00000337491

NFE2 hsa-miR-330-5p, -631 12 - ENST00000312156 ENST00000312156 ENST00000312156

HMOX1 hsa-miR-518c*, -589 22 + ENST00000216117 ENST00000216117 ENST00000216117

GSTM2 hsa-miR-330-5p, -589 1 + ENST00000326729 ENST00000326729 ENST00000326729

FKBP8 hsa-miR-330-5p, -631 19 - ENST00000222308 ENST00000222308 ENST00000222308
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on its function as an inhibitor for the intracellular calcium-
dependent calcinuerin and the drug’s target protein, NFAT, 
which is a transcription factor of T cells, as well as its function 
to regulate the expression of cytokines. But not enough studies 
were conducted regarding the role of FK506 to express the 
genes related to apoptosisand its mechanism. 

According to the recent studies, the intervention of miRNAs 
in RNA molecules plays an important role in regulating the 
gene expression, and is phylogenetically conserved. The gene 
expression is regulated by disassembling or inhibiting the 
mRNA of the target gene with very small RNAs [6]. Hundreds 
of miRNAs are investigated in nematodes, plants and animals 
through computer analysis and Reverse Transcriptase-
Polymerase Chain Reaction cloning [10,11]. Hence this study 
used Jurkat human T lymphocyte line to verify that the cell’s 
viability decreases in a time and dose dependent manner when 
treated with FK506, the immunosuppressive drug that is used 
after the organ transplantation to prevent rejection.

In order to analyze the change cause by FK506 in the 
expression pattern of miRNAs and the signal pathway sti-
mulated by the drug’s target molecule, 20 μM of FK506, which 

shows about 50% of cell viability, was treated for 24, 48, and 
72 hours and followed by miRNA microarray using the total 
RNA to analyze the expression of miRNAs associated with 
the activation of T cell by FK506 and the drop in cell viability. 

As a result of treating 20 μM of FK506, 21 kinds of miRNA 
including miR-20a* decreased to less than a half in time-
dependent fashion, and other 18 kinds of miRNAs including 
miR-518c* increased to more than twice of the control 
group. Most of the decreased miRNAs are related to the 
immunosuppressive functions of FK506, including inhibition 
of the well-known cytokines, such as interleukin 2 and CD40 
[12,13], and the regulation of calcium/calmodulin dependent 
kinases [14-16] and NFATs [17], which are the intracellular 
transcription factors. FK506 is known to release FKBP12, which 
is bound to the transforming growth factor (TGF)-β receptor 
in a chronic lymphocytic leukemia B cell, and phosphorylates 
and activates the receptor, thereby causing phosphorylation 
of Smad and leading to apoptosis [18,19]. In a smooth muscle 
cell, however, it was found that the activation of the TGF-β 
receptor by FK506 stimulates cell growth [1,18]. Ataxia 
telangiectasia-mutated (ATM) kinase is a multifunctional 

Table 4. The specific biological pathways regulated by up-regulated microRNA

Term Genes Count P-value

Alanine and aspartate metabolism GPT, PDHA2, GAD2, CAD, ADSL, PC, PDHB, CRAT, GAD1, ASPA, PDHA1, ADSSL1, NARS2, AARS, DARS, 
  ASS1

16 1.1E-02

Pyrimidine metabolism CTPS2, CAD, POLR2I, CDA, POLR2L, NP, NT5C2, POLR3GL, POLD4, POLR1A, POLE, POLR2H, POLD2, 
  POLR2A, NT5C, ENTPD5, CANT1, ENTPD6, DPYS, DHODH, NT5C1A, POLR2G, POLR2E, DTYMK, UPB1, 
  NT5C1B, ECGF1, NUDT2, ITPA, TXNRD2, POLR1C, PRIM1

32 2.8E-02

Adherens junction ACTN2, FGFR1, ACTN4, PVRL1, PTPN6, IGF1R, ACTN3, LMO7, ERBB2, FYN, PTPRM, PTPRJ, BAIAP2, 
  PTPRF, FARP2, PVRL3, PVRL2, CTNNA3, CSNK2A2, RAC3, TCF7L1, MLLT4, CTNNA2, ACTN1, TCF7, 
  PARD3, SORBS1

27 4.4E-02

Pyruvate metabolism LDHD, PDHA2, ACSS2, ACAT2, GRHPR, LDHAL6B, PC, AKR1B1, PDHB, MDH1, HAGHL, PKM2, PDHA1, 
  ACAT1, HAGH, PCK1, ME3

17 5.1E-02

Fructose and mannose metabolism MTMR1, PMM1, PFKFB2, PFKM, PFKFB3, UGCGL2, AKR1B1, HSD3B7, KHK, FUK, PHPT1, ALDOA, GMDS, 
  FPGT, GMPPA, FBP1, TSTA3

17 5.1E-02

Purine matabolism APRT, ADA, ENPP3, PFAS, PDE9A, POLR2I, ATIC, ADSL, ENTPD2, NUDT9, POLR2L, NP, NT5C2, PDE6D, 
  POLR3GL, POLD4, GUCY2D, PRPS2, GDA, ADSSL1, POLR1A, POLE, POLR2H, ADCY5, POLD2, POLR2A, 
  NT5C, GUCY1A2, ENTPD5, CANT1, ENTPD6, POLR2G, PDE4C, NT5C1A, GART, PDE4A, ADCY1, POLR2E, 
  PKM2, GUCY2C, NUDT5, NT5C1B, ECGF1, NUDT2, ITPA, POLR1C, PRIM1

47 5.7E-02

Basal cell carcinoma DVL3, AXIN1, PTCH1, TP53, FZD9, WNT7A, DVL1, WNT6, SMO, GLI1, WNT5B, WNT3, TCF7L1, PTCH2, 
  WNT7B, FZD5, WNT10A, TCF7, AXIN2, STK36, WNT9B

21 6.1E-02

Calcium signaling pathway SPHK2, PTAFR, MYLK2, GNA11, P2RX3, PLCG2, CCKBR, PRKACG, PLCB3, PLCD1, P2RX5, TBXA2R, 
  SPHK1, PHKG2, TNNC1, ITPKA, PPP3R1, F2R, CACNA1S, ADRA1B, P2RX2, GRM5, CACNA1G, ADORA2B, 
  CAMK2A, CACNA1I, CACNA1F, ATP2A3, VDAC1, ATP2A2, CACNA1H, PLCB2, GRM1, HTR4, VDAC2, 
  SLC25A4, ERBB2, PDE1B, GNAS, P2RX4, PHKG1, HTR6, NOS2A, AVPR1B, PDGFRB, ADCY1, CALML3, 
  PLCG1, CACNA1C, ATP2B2, PTGER1, NOS3, ADORA2A, TACR1, CACNA1D

55 6.1E-02

Arginine and proline metabolism DAO, PYCR2, GAMT, NOS2A, P4HA2, PYCRL, PYCR1, PARS2, OAT, ALDH4A1, CKM, P4HA3, NOS3, ASS1 14 7.3E-02

Riboflavin metabolism PHPT1, MTMR1, ENPP3, ACP5, TYR, FLAD1, ACPP, ACP2 8 8.9E-02

Glycerophospholipid metabolism CDIPT, AGPAT4, ACHE, ETNK2, LYPLA2, PPAP2C, NAT5, PLA2G2F, PISD, CDS2, CHPT1, PPAP2A, 
  PLA2G4A, PEMT, ARD1A, PLD2, CRLS1, LCAT, DGKZ, CHAT, PLA2G5, CDS1, PLA2G2E, DGKG

24 9.40E-02
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enzyme that is activated after birth and known to take part 
in suppressing the onset of ataxia-telangiectasia (AT) [20,21]. 
The cells that lack ATM show markedly increased activation 
of thiol redox and DNA synthesis compared to a normal 
cell. The regulation of ATM signal transduction by FK506 
affects the cell cycle by controlling the intracellular thiol 
redox pathway and therefore is involved in suppressing the 
abnormal DNA synthesis and oncogenesis [22,23]. On the 
other hand, the target genes of the miRNAs that are increased 
by FK506 were identified and their biological functions were 
analyzed using DAVIDs bioinformatics. The analysis detected 
numerous genes that are associated with the intracellular 
energy metabolism pathway, the production of nucleotides; 
pyrimidine and purine, the production of amino acids related 
to protein synthesis, the calcium signal transduction pathway 
and the signal transduction by T cell receptors. Benedini et 
al. [24], reported that in case of lung transplant patients, the 
immunosuppressive drugs increase metabolism of glucose and 
leucine. It was also reported that when FK506 was treated to 
a mouse after the liver resection for regeneration, the insulin 
receptors in the liver cell of mouse increased in number, and 
the energy metabolism and the amino acid synthesis were 
boosted [25,26]. It was also recently reported that calcineurin 
controls the synaptic plasticity and the transcription factor, 
NFAT in a synapse of a neuron. Furthermore, it was found 
that the dendritic branching could increase in number by 
suppressing the calcineurin molecule [27,28]. The FK506-
binding proteins (FKBP12 and 12.6) are involved in a 
regulation of ryanodine receptors that control the calcium ion 
in the sarcoplasmic reticulum of a heart, and the treatment 
of FK506 loosens their binding and calcium is released from 
the sarcoplasmic reticulum as a result [29]. In addition, when 
IP3R is inhibited in association with the control of neurite 
outgrowth by calcium, the neurite outgrowth was suppressed 
in the early stage, whereas the inhibition of calcium-induced 
calcium release by ryanodine receptor suppresses the neurite 
outgrowth in the later stage. And when treated with FK506, 
the neurite outgrowth was suppressed in the early stage as well 
[28]. 

In conclusion, as a result of treating FK506 to a Jurkat 
cell line and running the miRNA microarray, it was found 
that FK506 not only took part in the suppression of T cell 
proliferation/activation by inhibiting calcineurin in Jurkat 
apoptosis, but also affected the miRNAs that are involved in 
the regulation of various signal transduction pathways that 
are related to the causes of apoptosis and the cardiovascular 
diseases, kidney problems, neurotoxicity, diabetes, and the 
acute hearing impairment triggered by a long-term use of 
FK506.
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