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[ Abstract] Objective The purpose of this study is to understand the function of Fkbp51 in metabolic pathways and
neural pathways by profiling gene expression of liver and hippocampus tissues of both Fkbp5S1KO and WT mice. Methods
mRNAs of liver and hippocampus of Fkbp5S1KO and WT mice were isolated and expression profiling was performed using
RNA-seq. Differentially expressed gene between KO and WT were analyzed using BRB-Array Tools. DAVID, STRING,
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Genecard programs, the Gene Ontology, the Protein-protein Interaction Network and the Gene Annotation were applied to

identify significant functional-relevant pathways. Results =~ When compared differentially expressed genes between
FEbpS1KO and WT in liver, we found that the loss of Fkbp51 in liver has large effect on the genes related to steroid
biosynthetic and metabolic process, lipid biosynthetic process and oxidation reduction. When differentially expressed gene
in hippocampus was studied between genotypes, we found that elimination of Fkbp51 has much effect on genes related to
detection of mechanical stimulus, learning or memory, regulation of synaptic transmission and the pathway of PPAR and
amyotrophic lateral sclerosis ( ALS) e. g. When intersection of gene lists between liver and hippocampus tissues, we
identified 11 common differentially expression genes. In these genes, HMGCS2 and INSIG1 are grouped in one protein-

protein interaction network, and USP2, PER, CRY and DBP are grouped in another network. Conclusions The role of

FEbpS51 in metabolism and nervous system is not only independent but also interactive.
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Fig.1 GO analysis of the liver differentially expressed genes in KO and WT mice
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Tab.1 Variation tendency of the liver differentially expressed genes in KO and WT
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Tab.2 Biological process of the liver differentially expressed genes in KO and WT

AR HPHEH

2SR P-{H
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Biological process Number of genes Name of genes P-value  Benjamini-value

N . Hmges2. Akr1c20. Akrlc6. CyplTal. Cyp39al. Cyp2lal.
S [l A A i T
::.E;:itm ;:hbk?_*I 13 Hsd302.  Hsd3b3.  Hsd3b5. Insigl.  Fdps.  Sc5d. 5.7E-12 6.1E9
Pherold brosyntiiesis ScdmolL. Gm3571
AALIE RN adhl. adhd. Aox3. Akrlc . Cyp2a JE. Hsd3b f%. Retsat.

L . . 29 e 1.3E-10 7.0E-8
oxidation-reduction reaction Cypda Jik. Gm. ScdmolL
N TR Hmges2.  Akrlc6/20.  Cypl7al. Cyp2lal. Cyp39al.
e A R e nee e e, e

. . 15 Hsd3b2/3/5. Insigl. Serpian6. Fdps. Gm. Srebf1. Sc4dmol. 9.0E-10 3.2E-7
Steroid metabolism process §
Sc5d
B AN SR
RAEY) A " Hmges2.  Elovl5.  Akrlc6/20.  Cypl7al. Cyp2lal. 6656 | $E3

Lipid biosynthesis

Hsd3b2/3/5. Cyp39al. Fdps. Gm. Sc4mol. ScSd.

1 : Fisher £53%,P < 0. 001 ; Benjamini-Hochberg % 1E, P <0.01,
Note: Fisher’s exact test, P <0.001; Benjamini-Hochberg corrected, P <0.01.
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Tab.3 KEGG pathway of the liver differentially expressed genes in KO and WT

KEGG i # FREH P-f Benjamini {§
KEGG pathway Number of genes P-value Benjamini-value
254 Drug metabolism 14 1.0E - 11 1.0E -9
PR B Retinoids metabolism 13 5.6E -11 2.7E -9
A6 2 P4AS0 AMIEEAC Cytochrome P450 exogenous metabolism 12 7.3E -10 2.3E -8
64 TR Arachidonic acid metabolism 1.1E-4 2.6E -3
MR Linoleic acid metabolism 3.4E -4 6.6F -3
7 : Fisher £:58, P <0. 001 ; Benjamini-Hochberg #1E, P <0. 01,
Note: Fisher’s exact test, P <0.001; Benjamini-Hochberg corrected, P <0.01.
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Fig.2 GO analysis of the Hippocampus differentially expressed genes in KO and WT
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Tab.5 Biological process of the hippocampus differentially expressed genes in KO and WT

Jast7/bri = FEHEH LR 44 P-{H Benjamini {8
Biological process Number of genes Name of genes P-value  Benjamini-value

ol
)HLWﬁaJ{EQ?AU.J . 4 Atp2b2 \Sox2 \Grin2b Pkdl 3.2E3 9.9E-1
Mechanical stimulation to detect
]z Learning and memory 7 Hmger Drd5 Bdnf .park2 \Slcl11a2 ,Grm4 \Slel1a2 5.2E-3 9.8E-1
LA it B
RIS 4 Chi3l1 . Chia Pyam .Ovgpl 5.9E3 9.5E-1

Polysaccharide decomposition
2 fish A% 3% (1) ] 5 The regulation
of synaplic transmission
7 . Fisher T\%%, P <0.001,
Note : Fisher’ s exact test, P <0.001.

7 Atp2b2 \park2 Bdnf .Drd5 | Gria2 Gria2b ppp3ca 9.1E-3 9.7E-1

F6 WT 5 FrbpS1KO /MU 5 22 5 KR 1) KEGG 3 it
Tab.6 Biological process of the hippocampus differentially expressed genes in KO and WT

KEGG i EHBH Pl . Benjamini-value
KEGG pathway Number of genes P-valueBenjamini {&
PPAR {553 It 7 2.4E-3 2.2E-1
L it O S BEAAE (ALS) 4 7.7E2 9.8E-1
il 2 i 6 7.8E-2 9.4E-1
MR BC RS2 AR T A i 9 8.3E-2 8.9E-1

7 . Fisher T\%%,P < 0.001,
Note ; Fisher’ s exact test, P <0.001.
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Tab.7 Liver and hippocampus differentially expressed genes
differentially expressed genes in KO and WT
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1 Abca3 4.4964 1 1.1996 1
2 Celal 4.3763 1 2.0984 1
3 Cmil 3.4376 1 0. 6860 |
4 Dip 31.4498 1 0.9561 |
5 Fkbp5 0.0180 | 0.1159 |
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Tab.8 The probably interaction genes of liver and hippocampus differentially coexpressed genes

Py FEIN Z Bk R ERE
Number Name of genes Gene annotation
1 Cryl Bt AR 1 R RIS RS SR A
2 Cry2 B 2 A 2 R IR A RAS A A
3 Clock A J15Z Bl JE 3 ARNTL / 2-CLOCK 52 B MAO80% E-box T2
4 Arnil IR A A Y 2 R %12 8 1 ; ARNTL-CLOCK 5 BRI E-box
5 Perl A 1 A B I R
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7 Scap SREBP A58 1 5 987 JH [ 52 LA K i ok 14 P~
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9 Csnkle % 25 L 1e
10 Hsp90aal PARFEE H 90aal
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Fig.4 Protein-protein interaction network of the differentially expressed genes

3 g

FkbpS1 ZEACI 5 0 28 v iy B A FH AL H A
ATERE , HAE LS vl RE W 24Dy i, ik & —
NN Zimik 2P IR | 25 5 A AR H A
FHE W A # . G, A58 FRbpS1KO 5 WT /)
BLAOHT IE 5 76 T RNA-seq, % T M 4> 7 7K F 48 75
Fkbp51 TEAEIR N VE R — B2 M

B, % FEbpS1KO 5 WT /N B9 RE 5 40 0k
TTIZ48 , FL0 BE 1 206 22 55 kN, Wt g —
A0 GO AR KEGG 38 i 53T, AT & Bk 2L 22
FRIFFEHN FES HREBEAY G 500 52
FRAG 244 A 8 3 | A0 A O L Al e R
PA50 AN AR B A8 A DU R DL R I 3 R AR
W EE I T A YRR B AR5 W, 1 Akrle \Hsd3b
ScdmolL F1 Fdps JL V-2 5 FiR A it #2, HF5HM
18 . Akrl e JrRS RS R AT, BE A AL B 40 FhiE
AR, X L6 R F NADH/NADPH 1L S5 2
[B] PR 5548 s Hsd3b St 25 1 A — Fh XD RE il , 762
[ B2 1) BT A A 0 T B B ke 4 T AR 5 SedmolL
St PP e ] 2 oL o A, A2 PN P, 7 D D
JUFL [T 5 o A i A € T Fdps SR Je Sk £
WEIR 73 il , v LA AL A Bl I 56 A i 19 i N 72 JE AL
FEWEIR MR , 117 JE JE £ B 2 15 2 IR ] e A0 55 26
A b A b R R, R IR A SR
Fkbp51 5 3% B8 FL R 2 [B] 1) O &, X FHRIE FhbpS1
RGP M EH A B R X,

SRJE % Fkbp51KO 5 WT /)N BB o 5 %5 40 ik
TTEZ48 , L vE ) 364 22 5 Rk FEH, ik sz 5t
FEH EZS 5O BRI | 2 2] s 204y

fif E R | 2 fl A% 356 1 R Y A5 AR W 2F 0 B DL &L PPAR
{55 WS PEE gEMm R e (ALS) iR T
Ti1) 300 [ Ao 2 T AR -2 (AR B A A I 2 15 5 IS
[ B FRAT T X} 3 4 2 S e SR L R 147 8 (-2 I A B
PRI 2% 531 & Bz Z B [ C ( Ubiquitin C, UBC)
JEF WL AT SOk AR &3 UBC 58 H
Rt DNA MBS A o] A 4 35 il 2 o LA % 4 i
WHRVEREA X, HiZ&E A5 5 PI3K UK,

e, ENFIE 559 5 ) 2 22 5 3Rk o b, 3R
fI1& ¥ HMGCS2 5 INSIG] fE7E HAE K &, Hmges2
Yih 353 WL S A B2, 2—Fh 4k
AR , 8Tk A TR B2 I 1) 5 — 2 IR, R AR R K
AW (HRINAR &) i R VR, B3 B B A
I NN T 1 A - o B P = el R (1
Insigl JEREZELILR 1, b5 P 5t R 2 1, iF
8RR ER I EL A e 2E A [ A BR324
WEIVER . iE—243 87 & B, SCAP Al SREBF2 2
H5IHERR, Sreb2 SEF BRI o/F4s 5T 2,
PR AR 2 L N S R P S, A
JEAFaA . SCAP J& SREBP HYFEARE 11, 78 = 1 [
Pt 1 48§35 T 2% #E 1), SREBP-SCAP & 4 Wy 4k N ot
I 4 BA 25 11 INSIGT P4 FH ¥ B3 76 N BT L 5 T AEAIR
JiH & B A, SREBP-SCAP 42 & 4188 FF P9 Jot I ik A 401
LA TR I 35 A B sy, 1 T AR 0 T 2 O R DA
FH M =Ee S A . 7E FhbpS1KO 5 WT
/INERE I g s v FRATT R B KO 5 WT /NERAR L,
H HMGCS2 Fik & R, 1M INSIGT Fik & Th 5, X
SRR R FkbpS1 3 PR T fil 3 ik 1 46 3 DR A 5
NRZSA AR

AFE2E S F Tk B W 4% BAE IR P FRATTIA & PR



48 o A BE 244 2016 4R 5 A 4526 5455 W1 Chin J Comp Med, May 2016, Vol. 26. No. 5

USP2 5 PER. CRY.DBP 45 % [ 77 16 41 H./E 11,
FH, B A O IR R A S N BOSURORL 2
(MDM2) DA S 45 391 2 11 D1 (eyelin D), I HLAE
i RE IRFEH T~ o ( TNF-a0) FIRZ 7 kB (NF-kB) {55
WP AR AR o Mdm2 S M i
P53 (S PR - A0 AR R 0T 1 DL A i
W1 Gl/S et RAFEEEAEH . Dbp BE K gt 1 2R
Hiash+ D iS85 &E A, M8G5 HEN . Cyplad
Hl Cyp2aS FFFF MG 3+ X, BAMARERS I 15 54
Y AR OC B LR ) 3K . T Per3 35 [H 4 15 119 2
HIE TAYM T EA, & &N R AT
AP AR EAL, FES 54y A
#% . CLOCK/ARNTL 5 SRR nT Ll FiEiZE A,
Il PER/CRY 5 — R {k ] DL o 45 & CLOCK/
ARNTL Emmip il H FRqE . e Q5 A w5
ol /N BUFIE B USP2A 7] DL {2 ¥F CRY1 &
12 Z AR I HoRa e v, DA SR X 48 E I R, T
X — & P 0 2 e U 3 2o SR Per2 Ji 211G PE
SCELEY, AR R, R R EE I TNF-a AT LLAH
CRY1 85 A TR/ 18 0 -4 i) 5 A 4 e A S 114
ek FEM 207 1 BF 58 GE FR, USP2 1 2212
FAEH S A7 (8 1 % DI 56, ZE ARG HE G 3
T Usp2 =~ /R WT /N BRUAS AR A S8 3R B I 4 15
B P TRATIRTIE B A1 A A TR AL 2 AR
W ER AL ™ FETRATT B IR R, USP2 |
PER 5 DBP & I 76 I 5 ¥ 2 v (%) 748 1 1F 2 14 B
FRHE T 5 ph 281 R BB R,

AWFFE X FEbpS1KO 5 WT /N B AT IE 5
5Ty RNA-Seq B4 531 )5, &30 FkbpS1 7E 5 2R
R 2 E T P A9 AE B 2 A B N7 SR A B
AW R T — B EARFIE FkbpS1 FERTE BRI
FRR 22 8 15 VR R 4 7 AL B AR T B IS S A
ARFRATHG Ak S e TT T AR, X ik S50 A i 47 )5
BERI T H 2 525 DA 1 — 0 36 TE 33X 2643 B 7Y
AR

S 3Lk -

[ 1] Zannas A S, Wiechmann T, Gassen N C, et al. Gene-Stress-

Clinical and Translational
Implications[J ]. Neuropsychopharmacology, 2015,16(2) :33 —42.

[ 2] Vegiopoulos A, Herzig S.
metabolic diseases[ J]. Mol Cell Endocrinol, 2007, 275 (1 -
2).43-61.

[3] Sapolsky R M, Romero L. M, Munck A U. How do

Epigenetic Regulation of FKBPS;

Glucocorticoids, metabolism and

glucocorticoids influence stress responses? Integrating permissive ,

[4]

[5]

[6]

[8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

suppressive, stimulatory, and preparative actions [ J]. Endocr
Rev, 2000, 21(1): 55 -89.

Hubler T R, Scammell J G. Intronic hormone response elements
mediate regulation of FKBP5 by progestins and glucocorticoids
[J]. Cell Stress Chaperones, 2004, 9(3) : 243 —252.

U M, Shen L, Oshida T, et al. Identification of novel direct
transcriptional targets of glucocorticoid receptor[ J]. Leukemia,
2004, 18(11): 1850 —1856.
Paakinaho 'V, Makkonen H, Jaaskelainen T, et al.
Glucocorticoid receptor activates poised FKBPS1 locus through
long-distance interactions[ J]. Mol Endocrinol, 2010, 24 (3):
511 -525.

Toneatto J, Guber S, Charo N L, et al. Dynamic mitochondrial-
nuclear redistribution of the immunophilin FKBP51 is regulated
by the PKA signaling pathway to control gene expression during
adipocyte differentiation [ J]. J Cell Sci, 2013, 126 ( Pt 23) .
5357 —5368.

Stechschulte I A, Hinds T J, Khuder S S, et al. FKBP5S1
controls cellular adipogenesis through p38 kinase-mediated
phosphorylation of GRalpha and PPARgamma [ J ]. Mol
Endocrinol, 2014, 28(8) : 1265 - 1275.

K R, BB, 4 LA 1 FKBPSL 75 5 5 175 S LR
FEFERLI]. HE AR PEZEAGE, 2015(07) : 53 -58.
Ratajczak T, Cluning C, Ward B K. Steroid Receptor-Associated
Immunophilins: A Gateway to Steroid Signalling [ J ]. Clin
Biochem Rev, 2015, 36(2): 31 -52.

de Kloet E R, Joels M, Holshoer F. Stress and the brain; from
adaptation to disease[ J]. Nat Rev Neurosci, 2005, 6(6) : 463
-475.

Binder E B, Salyakina D, Lichtner P, et al. Polymorphisms in
FKBP5 are associated with increased recurrence of depressive
episodes and rapid response to antidepressant treatment[ J]. Nat
Genet, 2004, 36(12) : 1319 - 1325.

Binder E B. The role of FKBP5, a co-chaperone of the
glucocorticoid receptor in the pathogenesis and therapy of
affective and anxiety disorders [ J]. Psychoneuroendocrinology,
2009, 34 Suppl 1: S186 - S195.

Ratajczak T, Cluning C, Ward B K. Steroid Receptor-Associated
Immunophilins: A Gateway to Steroid Signalling [ J ]. Clin
Biochem Rev, 2015, 36(2): 31 -52.

Zheng W, Reem R E, Omarova S, et al. Spatial distribution of
the pathways of cholesterol homeostasis in human retina[J].
PLoS One, 2012, 7(5) : €37926.

Gao J, He J, Zhai Y, et al. The constitutive androstane receptor
is an anti-obesity nuclear receptor that improves insulin sensitivity
[J]. J Biol Chem, 2009, 284 (38) : 25984 —25992.

Tong X, Buelow K, Guha A, e al. USP2a protein
deubiquitinates and stabilizes the circadian protein CRY1 in
response to inflammatory signals[ J]. J Biol Chem, 2012, 287
(30) : 25280 —-25291.

Shimba S. The roles of clock genes in obesity [ J]. Nihon
Rinsho, 2013, 71(2): 244 —248.

(&= BH#8)2016-01-10





