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LR AL oA B ERE . KA RT-PCR F ik MAMTF#& 406, (HepG2) 4 3 ALT2 A H, sy ALT2
HE 5 E pET32a-ALT2 RAZ AKX BAAR Y, 44 Lik4E Z 4L £ BL21(DE3) Az Ami+T 2 IPTG #F &
X ALT2 & &, 44 (NiY) FAEM A4 ALT2 4%4 . ALT2 4% 49 % 7% Balb/c N R, S BFE M )
R oA B R JG e SP2/0 HEAT MR Ak A, 19143 ELISA kb Fa bk, A FRRABRITE A, KA F
Fo BATAL K 4iAl ALT2 304k, i@ i RT-PCR A= Western blotting 7 5545 ALT1 A= ALT2 EAAMRIE L2 P 69 Rk
Fandn, HIRERBTHEL T ALT B LEAE £ mRNA KPF & @ KP Lo RALF—5K. ALTL EAFIE.
Bae., FRAILGHEREL, BHERERFEERE;, ALT2 MW, B#HIL. SILF SHRE, §WHE-FFIKERA.
SR AR, ALTL ERF@ie. MR & g b R4, ALT2 ERmie. Silmins &4k,
B ALTL F= ALT2 22 KA T A E3RRRAENE, LAL R R 7R L ALTL A= ALT2 £A 8 F ok |
Z, AEMAR RIELEMAT ALT /& HA 560 TALHH RALIEBIRIE .

CARBALESEBR L, ARARALALBBE IR 1, ARRALSSBR IH 2, Ta ki,
A LN

Study on the distribution of human alanine aminotransferase
iIsoenzyme in human tissues
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Abstract:  This study intends to obtain recombinant proteins of ALT1 and ALT2 isozymes by using genetic recombination
technology. Monoclonal antibodies ALT1 and ALT2 with high specificity and high activity were prepared and screened
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(ALT1 monoclonal antibody has been successfully prepared and published). The localization, distribution and expression of
ALT1 and ALT2 isozymes in human tissues were discussed. The ALT2 genes were amplified from human liver cancer cell
(HepG2) by RT-PCR method. The mature ALT2 gene was subcloned into the pET32a-ALT2 prokaryotic expression vector. Its
ligation product was transformed into BL21(DE3) competent cells, and transformed into competent cells to express ALT2
proteins induced by IPTG. The recombinant proteins of ALT2 were purified by nickel column (Ni*) affinity chromatography.
Balb/c mice were immunized with recombinant proteins of ALT2. Positive serum mouse spleen cells and myeloma cells SP2/0
were selected for cell fusion. The positive cell lines were selected by indirect ELISA and subcloned by limited dilution
method. Affinity chromatography was used to purify ALT2 antibodies. The expression and distribution of ALT2 in human
normal tissues were detected by RT-PCR and Western blotting. Results show that the expression of ALT isoenzyme in tissues
was almost the same at gene mRNA level and protein level. ALT1 is highly expressed in liver, kidney and skeletal muscle, and
moderately expressed in gastrointestinal smooth muscle. ALT2 is highly expressed in fat, skeletal muscle and myocardium,
and is poorly expressed in gastrointestinal smooth muscle. Immunohistochemical studies show that ALT1 is highly expressed
in hepatocytes, renal medullary tubules and muscle fibers, ALT2 is highly expressed in adipocytes and myocardial cells, and
ALT1 and ALT2 in gastrointestinal tissues are mainly expressed in mucosa of upper intestinal wall region. The results showed
that the isoenzymes ALT1 and ALT2 were mainly expressed in the mucosa of the upper part of the intestinal wall. It is widely
distributed in the tissues, providing theoretical basis for understanding the mechanism of ALT activity increase under different

pathological conditions.
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TAHARFEMEEER, eMnREKEITRS 2
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SR ALT TEME, ANREX > [A T ALTL Fl ALT2,
ANREMERG I ALT W PETH R IR, N REHIWTZ 2
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AR ALTL f1 ALT2 EHEA, Hil & itk
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MNRIE R ALUFNE . R, FH8IL. OB,
B 4. . AR T E PR R A= MY
J& 5 ZBEbRANE . Balb/e /N B T H R E RN F
EM e L7/ L NI
1.2 #paFnEZiXF

KPR H vk BL21(DE3) A ST G2 41y
(HepG2) HiH PREERF KL AR B S g & AR AE
NEE SR AN (Sp2/0) i EE PR IE R K 2E IR AR
— IR BRI (L 22 SR E PRI, ALTL i A% sz
Kyl g, BREIVENYIEE EcorR 1/Hind 1. PCR
A& . DNA B & . RNA R BGAH &
F TaKaRa 2% A, Ni-NTA SEFZ T EEE (Qiagen),
I FCAAE ) . R 58 4 3 AR ) B o PR e A 1 A
FE R & T Sigma A .
1.3 BRERATEREK
1.3.1 ALT2 cDNA 5 [ H1 b by g

fifi F1 TRIzol 327 DA i 40 Ff v v 42 B
RNA, i RT-PCR il & ALT2 JEH (1569 bp)
(14 5¢ B G 5 HEA T 418G 9F i % 5 cDNA, 5]
YL F 5 I ALT2 forward 5-CACCATGCAG
CGGGCGGCGGCGCT-3', REVERSE 5-TCACGC
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W BORL AT (s AR A R A R A F]),
50 UE SR AL = A5 IE A
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A, FE 1% HAT B st ip it e B vk 55 3%
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1.4 RT-PCR #&i

5 B AT 4140435 B 100 mg, Trizol =4 ik4R
HUZ RNA, UG sl e ik i 5%, (i
Real-time i &, LA cDNA J it 47 5246 5t
PCR W, Faill4~4H2id ALTL F1 ALT2 JE[A
PR X 25 1
1.5 Western blotting £&
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SDS-PAGE, ¥ 1 h, 5%Jifg W5y 37 CHFHIHT
J2h, ALT1. ALT2 —#T (1 : 400 Fik%) 4 CH
Hidn, PBST ek 1 h, £ 10 min #e— Wk, F
PURL L (1:5 000 #ikf) EiMFH 1 h, PBST
FRVERE 1 h, (e oek il R R ERRM,
%X ALTL, ALT2 7EARIRIZHE 2R K B 2k o
1.6 GiZHLLFRN

Y] e ORI L TEAS /K AE , 3% HL0;
WEE 10 min, HUIEHELE 5 min, FH—4T ALTL,
ALT2 EiMF5 1h, PBS % 3 Wk, i —¥it,37 C
PEF 30 min J5 ] PBS ¥k 3 I, N BRAR L A AL )
fiff 75 15 min, DAB & {a, ZEIBKmyE. &Y.
Wik . AT BT LS B E (o B R
ik, HIEHS T ALTL, ALT2 Hik ik & K44
TH
1.7 HitFERZE

K SPSS19.0 AR A% 52 5 Bl i A7 G it 2%
IyMT, PRALIAHLECR At BB RS BOGR:, LU
P<0.05 J 2 5 A 41t == L.

2 ER5AW

2.1 pET32a(+)-ALT2 EHFHAIHE

KA RT-PCR MR 416 1 ALT2
A IR, 297% 1 569 MHRIEXT (bp), Bk
B2 H Yk 68 7 SR AE R KN B AR, HJE
ey, 45N 1R, 4 EcoR T /Hind TITXUH
Yl J5 ) ALT2 FilJit ki PET32a(+) #H i 4% ,
PET32a(+)-ALT2 = 20 Jiof A4 1 J 2 o kIO v
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PEAT P AN, X Iy 25 R 5 B A A o
22 ALT2 EHHEARMKRESAL
pET32a(+)-ALT2 5 4 i ki 4% 1k & BL21(DE3)
B, 4 IPTG BS R, SR
K EIEW, HHEMWA His-tag b2, TR/
70 kDa [ A7 B & (015 S 457 45 SR &l 2 B,
T E AL (NI®) sEMalifk, 300 mmol/L
Rk pE L Sk H &R 104, 248 SDS-PAGE 4347,
Ak EN M EN B (K 3),
23 IMAALT2 BREMEKSES N
FAIEAM ML 3 AR bR E, &
LA ) 5 bR RBRRE J WAPT AR 1Y) 2 S T 20 B A
S laE 4o AD7. BES, BH4, DD2., HE2, HiH)

bp M 1

2 000
1200 —

1 ALT2 EE PCR ¥ 1749 fa ik &

Fig. 1  Electrophoretic map of PCR amplification
products of ALT2 gene. M: DNA marker; 1: PCR
products for ALT2 (1 569 bp).

kDa M
—
C—
55— .-
40— .
35— %
25— %

2 SDS-PAGE #ill ALT2 EHER

Fig. 2 SDS-PAGE analysis of the ALT2 recombinant
protein. Lane M: protein marker; 1: pET32a(+) vector
(IPTG induced); 2: pET32a(+) vector (non-induced);
3: pET32a(+)-ALT2(1 569 bp) vector (IPTG induced);
4: pET32a(+)-ALT2 (1 569 bp) vector (non-induced).
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B3 SDS-PAGE #l4i{L/ahy ALT2 EHEH

Fig. 3 SDS-PAGE analysis of the purified ALT2
recombinant protein. M: protein marker; 1: supernatant
PET32a(+)-ALT2 (1 569 bp) (IPTG induced); 2-3: purified
ALT2 (1 569 bp) recombinant protein.

F2 ELISA 3543 10 5 24 58 8 At 13 | K st
fbJG ALT2 BATTREBTIASUMY, 255 BRI K fnal
LG PR 10°, HE2 2c# ks Hy 8.8x10°,
T WA 10%, WK ER 1961 2, H
HBES R A E, HARYIN « B Kaff 22 F1H £y
figikF] 10° (% 1),

24 HMAALT2 BREHRMAFHETE

] $E75 ELISA g 7R 5 BRZk 528 40 i bk
YUY mAb SRS EBT N ALT2 BB AR
ALT2 EHE S MF ) ALT2, LA 1% BSA,
ALTIEAEH (RIFEARIR) FOR pET32a(+)
YERXTRRAL, HEER B NHYE (% 2). DA
THREA (ALT 1EMER 746 UIL) 1E Jy#i 5, Western
blotting il /< 5 LRSI S MG Y ALT2
KA N (K 4), LLALT2 B4 HEA . ALTL
HAEN . 1% BSAENPURIHITEE, 4515

F1 ALT2 B mEHRAHNRTE
Table 1 Titer and subtype of ALT2 MAb

/N ALT2 HUAR{UAE 70 kDa Ab 5 5P IR B ALT2 &
HEMA, MAS ALTL, BSA &= (K 5).
GEILRE, alifb )5 1 5 M HUARS HA R FbE I,
BES HLifr Pt . REUE s, ADT7 s

25 IEEHLAH ALT RIBERSERRIE
HEE D

FATAEI T AMRIEH AL PN AR AR
Mitg[F] T ALTL. ALT2 2R RN 2R (1 208 &
SyARTE DL ) B PCR 4T /R, ALTL, ALT2
TENRIE R A 434 iz, ALTL FE I rh ik
i, ENE. BELRE RS E R L, DL,
H. /M. diln. EnRIENAS PERE, B
B B BRI EAL, B M. IHERALIhR
ki RAR (& 6) AHRIZ, ALT2 FERIBTEN
Wi FERERR, CBUE. CEEEAL. O R R,
B AR, M. IREERA RS, BmiE TR
KRR 7EEAKT B ALTL F5 R A7ERFIE
HHUL, B, B SiEhRikEhs,
OWLL BENG . BRIRF R EAL, B R, HURAR.
FUAR . Bl AIERERB R AR . ALTL b AifE
JEWE . ENE. CBPESAL. B4, ALT2 4
OAAERRNT . ERE. EEAL. O (B 7 R
Kl 8). TiAFIMR, FFlEdf ALTL RikR e,
M ALT2 SRBaR AR, BE. Bl ALTL #
ALT2 [ RESAHRL, BRI A2 ALT2 3k it
fefm, T ALTL fRIZ R, HHEHALh
ALT1 R B & & T ALT2,

Antibody titer

Clone cell : - Isotype Kaff (L/mol)
Supernatant Ascites Antibody
AD7 7.81x10° 2.11x10° 3.19x10° IgG1  chain 6.11x10°
BE5 5.65x10° 1.57x10° 2.28x10° IgG1  chain 4.37x10°
BH4 3.89x10° 1.24x10° 2.04x10° IgG1  chain 3.11x10°
DD2 4.11x10° 1.27x10° 2.07x10° IgG1  chain 3.36x10°
HE2 2.48x10° 1.08x10° 1.56x10° IgG1 A chain 2.01x10°
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F2 ALT2 BB RMEETE
Table 2  Specific identification of ALT2 MAb
OD450

AD7 BE5 BH4

Sample
DD2 HE2

EIEZA DI ey 0.145 0.121 0.157 0.161 0.172

pET32a (+)

Serum (ALT 746 U/L) 1.631 0.841 0.640 0.969 1.424
ALT1 protein 0.153 0.134 0.152 0.146 0.112
ALT2 protein 2424 2188 1.208 1.556 1.257

AD7 BE5 HB4 DD2 HE2 1

4 Western blotting 7 #7 ALT2 B g RIS R4
Fig. 4 Western blotting analysis of the specificity of
ALT2 mAb. 1: commercialized ALT2 mAb.

AD7 BES HB4 DD2 HE2
_l 23 123 123
- - -

El5 ALT2 Bk RMENh
Fig. 5 Specificity analysis of ALT2 mAb. 1. crude

lysate of BL21(DE3) cells with pET32a(+) vector (IPTG);

2: ALT1 recombinant protein; 3: ALT2 recombinant
protein.
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BE AL, AR 3 A0 M b AU B B R S
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RE - P XA R B, TR 08 A - e JUL A LR AS DU o
H ALT1 F1 ALT2 A 2501, H4&ERik (& 9g. h).
ghfimh ALTL Al ALT2 325045 T ke BT IX
BB, ALTL #ikok, ALT2 k% (9. j).
B SE i, ALTL @ik, ALT2 k&
E(E 9k, 1),

PR ALTL Fil ALT2 ¥4, H A
I, ALT1 F2ERIRTERERT T, ALT2 %6 5 Fl Bz it
WA, BORMBEECR, ALT1 TR ALEREHR /N
B, ALT2 B8R B/ INE P A, Rk %
= (B 9m. n). BESALH ALTL F1 ALT2 F2%
IKTNRE4EN, s Aikael, ALTL F ALT2 &ik

2571, I ALTI
l CJALT2
5 20F 1
2
S 15f
e
Q
[*]
E 1.0 s
ﬁ % %ok
0.5 L
g 0.0 il 1P
* % 2%k
Ml anE BB 2| e
S ¢ F & SF S g F FFE S
vV § S e § s § ¥V §
K 5 & R~ & & N 5 % Y
vl N & & >
< $ A d
= & &P

6 ARETLHLH ALT1 1 ALT2 89 mRNA tHXMRIEZE
Fig. 6 The mRNA relative expression of ALT1 and ALT2 in human normal tissues. *: P<0.05, **: P<0.01, ***:

P<0.001 compared with ALT2 in the same tissue.
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Fig. 7 Quantitative analysis of human ALT isoenzyme tissue distribution. (A) Western blotting analysis of human ALT
isoenzyme tissue distribution. (B) Protein expression of ALT isoenzyme in human tissues. Black column: ALT1; white
column: ALT2. **: P<0.01 versus ALT2 in the same tissue.
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Fig. 8 Quantitative analysis of human ALT isoenzyme tissue distribution. (A) Western blotting analysis of human
ALT isoenzyme tissue distribution. (B) Protein expression of ALT isoenzyme in human tissues. Black column: ALTZ,;
white column: ALT2. *: P<0.05, **: P<0.01 versus ALT2 in the same tissue.
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Fig. 9 Immunohistochemical localization of ALT1 and ALT2 in human tissues.

3 it ALT R 0o, Rk, e R BRsTh, ALT

RSP L. R, SLBALE
MY RIREILECRENG ALT WRERAOTIRITE gy e ALT WHE, ALRYE . HARIL. L,

W RBAE AW 7 0 —Fh R AR bR, L gy ol B 4. Ems. EiL, s
AT E o ALT, BFLOIS AT ANMEEEIE (g T R e e, e . R LR |
eI, AR ALT BOAIL, S8R OHUBEZE . IEHOE A IE g, #R A AT AR S B

@ : 010-64807509 . cjb@im.ac.cn



2432 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

W TN R R E SR RS PR M fidn, R
R T RN (B SERE /D) AR E
[ A LTS ALTL TGP 2 2Tt e kA
WEPR T o ALT2 TR 2 W iy A 13 3l
A PLG R MLE ALT %6 894 | nl 86 i3 =, 3 ALT2
THE R R T ALTL A8 fb #2250 ay i J B it
WU 55 121 o Z T 5E 26 B ALT [R] T E§£E 4121
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BB FH B IG RIZ W5 S .
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PR U E 7 R A e v, AR5 R R I E 4
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B, ALTL 76 Bk s 2eak, AEAFIE . WL LG Ik
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IR, FERTHE A R S gk B X 5T
WFIE RAR—B., 1621240 P 0 B 1 0 Bl 3R AS
PEE AT BRI T 25 R, PR R 1
TENRIE ALl ke e 22 S0 X mifh[a
TR K BB MR AR, AR
7N ALTL 7ERHRE . Basil. BHE. HimEds

ki, O BRI FRAR SRR, T RAR .
ARME . IR EEFR ARG, 1M ALT2 FERIAT
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B il 44 A8, Lindblom 25 8F5% B /R 7E 5
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ALTL {EMERBIRE KRB ALT2, e
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&, st R, ALT2 B s s
it ALTL, TR ALTL/ALT2 (Y F o 7774
1o O P I b ALT S 260 f 75 Ak I e 1 JFF A A
HELE ALTL Al ALT2 IGPEAGAR )& &, X sk
AR, AR PRAE DB 575G ALTL Al



FE SAREREEEBHERETBEANBRAPNSH 2433

ALT2 36X L b ALT BEPERy sTmk 3, Al d
Xy B G AU AN G5, L AF IR . THfkiE
AP REEE SR ALTL Jhe, mERE. &
LT L O NUEESE | BRAR R SERT RE s 51k ALT2
T o

25 FRrd, FRATM mRNA . 8 A0 K
Rl T ALT ) T 2 AL 200 2 o 43 A il
RGO, R DO AR R 5 S 1 ALT 35 AR
3Rt T A B K . AL E MR
TRABEFEAS [ B AR T ana 8 WL A5 . B e
5 . TR R A TR ALT [ T Y AR AR A G
I, BT AR L ALT [6) TG E AL . 2040 K
Tk, NHEIFHAT SRR BLAE T ALT R T
it ) AR A AL S AL AT S A 4l

REFERENCES

[1] Diaz-Juarez J, Rivera-Valerdi L, Bernal-Cerrillo DE,
et al. Predominance of released mitochondrial
enzymes by partial hepatectomy-induced rat
regenerating liver is controlled by hemodynamic
changes and not related to mitochondrial damage.
Scand J Gastroenterol, 2006, 41(2): 223-233.

[2] Yagura M, Tanaka A, Kamitsukasa H, et al.
Re-evaluation of the serum alanine aminotransferase
upper normal limit in chronic hepatitis C patients.
Intern Med, 2010, 49(6): 525-528.

[3] Yang RZ, Blaileanu G, Hansen BC, et al. cDNA
cloning, genomic structure, chromosomal mapping,
and functional expression of a novel human alanine
aminotransferase. Genomics, 2002, 79(3): 445-450.

[4] Liu L. The molecular mechanism of serum ALT
elevation in mice treated with carbon tetrachloride
and human ALT isoenzymes: molecular cloning,
protein expression and purification and relater
study[D]. Shenyang: China Medical University,
2008 (in Chinese).

XU, AT /N R ALT T 8920 1L
il &N ALT [m) Lo 7 wbe . SR alifk )2
HHIEHFFE[D]. TRBH: H E EE R A2, 2008.

[5] Lindblom P, Rafter I, Copley C, et al. Isoforms of

alanine aminotransferases in human tissues and

% : 010-64807509

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

serum-differential tissue expression using novel
antibodies. Arch Biochem Biophys, 2007, 466(1):
66-77.

Saxena S, Korula J, Shulman IA. A review of donor
alanine aminotransferase testing. Implications for
the blood donor and practitioner. Arch Pathol Lab
Med, 1989, 113(7): 767-771.

Giboney PT. Mildly elevated liver transaminase
levels in the asymptomatic patient. Am Fam
Physician, 2005, 71(6): 1105-1110.

Chen CH, Huang MH, Yang JC, et al. Prevalence
and etiology of elevated serum alanine
aminotransferase level in an adult population in
Taiwan. J Gastroenterol Hepatol, 2007, 22(9):
1482-1489.

Bhatty SA, Shaikh NA, Akhter SS. Liver histology
in hepatitis C virus positive patients with normal
and elevated alanine amino transferase levels. J Pak
Med Assoc, 2009, 59(12): 832-834.

Yang Rz, Park S, Reagan WJ, et al. Alanine
aminotransferase isoenzymes: Molecular cloning
and quantitative analysis of tissue expression in rats
and serum elevation in liver toxicity. Hepatology,
2009, 49(2): 598-607.

Teitelbaum, JE, Daghistani R. Rotavirus causes
hepatic transaminase elevation. Dig Dis Sci, 2007,
52(12): 3396-3398.

Jadaho SB, Yang RZ, Lin Q, et al. Murine alanine
aminotransferase:  ¢cDNA  cloning, functional
expression, and differential gene regulation in
mouse fatty liver. Hepatology, 2004, 39(5):
1297-1302.

Thulin P, Rafter I, Stockling K, et al. PPARa
regulates the hepatotoxic biomarker alanine
aminotransferase (ALT1) gene expression in human
hepatocytes. Toxicol Appl Pharmacol, 2008, 231(1):
1-9.

Anemaet IG, Meton |, Salgado MC, et al. A novel
alternatively spliced transcript of cytosolic alanine
aminotransferase gene associated with enhanced
gluconeogenesis in liver of Sparus aurata. Int J
Biochem Cell Biol, 2008, 40(12): 2833-2844.

Hu XM, Cheng SL, Liu XF, et al. Development of
monoclonal antibodies and immunochromatographic
lateral flow device for rapid test of alanine

. cjb@im.ac.cn



2434 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

[16]

[17]

(18]

[19]

[20]

[21]

[22]

aminotransferase isoenzyme 1. Protein Expr Purif,
2016, 119: 94-101.

Chen J, Dai LN, Wang H, et al. Preparation and
identification of a monoclonal antibody against
human PD-L1. J Sichuan Univ: Med Sci Ed, 2011,
42(1): 5-9 (in Chinese).

Milge, s, A, %, BT PD-L1 HrapEdt
PRI o8 B Mo . DI R 22840 B2, 2011,

42(1): 5-9.
Li BW, Li X, Zhang ZC, et al. Study on the
Notch-Hif-1a  signaling  pathway in  liver

regeneration. Prog Mod Biomed, 2016, 16(15):
2806-2810 (in Chinese).

ZefdAs, 259, KR, 4. Notch-Hif-1lo {551
%2 5K RS Bt SRR
223 f#, 2016, 16(15): 2806-2810.

Shi Q, Yang X, Mattes WB, et al. Circulating
mitochondrial biomarkers for drug-induced liver
injury. Biomark Med, 2015, 9(11): 1215-1223.
Giesen PL, Peltenburg HG, de Zwaan C, et al.
Greater than expected alanine aminotransferase
activities in plasma and in hearts of patients with
acute myocardial infarction. Clin Chem, 1989, 35(2):
279-283.

Pettersson J, Hindorf U, Persson P, et al. Muscular
exercise can cause highly pathological liver function
tests in healthy men. Br J Clin Pharmacol, 2008,
65(2): 253-259.

Hanley AJG, Karter AJ, Williams K, et al.
Prediction of type 2 diabetes mellitus with
alternative definitions of the metabolic syndrome:
the insulin resistance atherosclerosis study.
Circulation, 2005, 112(24): 3713-3721.

Qian K, Zhong S, Xie KM, et al. Hepatic ALT
isoenzymes are elevated in  gluconeogenic

http://journals.im.ac.cn/cjbcn

[23]

[24]

[25]

[26]

[27]

[28]

conditions including diabetes and suppressed by
insulin at the protein level. Diabetes Metab Res Rev,
2015, 31(6): 562-571.

Thulin P, Bamberg K, Buler M, et al. The
peroxisome proliferator-activated receptor o agonist,
AZDA4619, induces alanine aminotransferase-1 gene
and protein expression in human, but not in rat
hepatocytes: Correlation with serum ALT levels. Int
J Mol Med, 2016, 38(3): 961-968.

Rafter 1, Graberg T, Kotronen A, et al.
Isoform-specific alanine aminotransferase
measurement  can  distinguish  hepatic  from

extrahepatic injury in humans. Int J Mol Med, 2012,
30(5): 1241-1249.

Saengsirisuwan V, Phadungkij S, Pholpramool C.
Renal and liver functions and muscle injuries during
training and after competition in Thai boxers. Br J
Sports Med, 1998, 32(4): 304-308.

Walle P, Takkunen M, Ménnist6 V, et al. Fatty acid
metabolism is  altered in non-alcoholic
steatohepatitis independent of obesity. Metabolism,
2016, 65(5): 655-666.

Ge C, Xian YL, Liao HM, et al. Expression of
recombinant human alanine aminotransferase (ALT)
isoenzyme 2 and preparation of anti-ALT2
monoclonal antibody. Chin J Cell Mol Immunol,
2010, 26(12): 1232-1234, 1237 (in Chinese).

B, BEHE, BLM, 5 NNEIREA SR R
(ALT2)f3R3k | FR g RTINS & S e . A
Iy TFHEst 2k, 2010, 26(12): 1232-1234, 1237.
Liu L, Zhong S, Yang RZ, et al. Expression,
purification, and initial characterization of human
alanine aminotransferase (ALT) isoenzyme 1 and 2
in high-five insect cells. Protein Expr Purif, 2008,
60(2): 225-231.

(RILTT% FRoET)



