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Hepatoprotective Functions of Sulfur Containing Amino Acids:
Possibilities of Hepatocellular Carcinoma Prevention
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Abstract While it is known that sulfur containing amino acids (SCAA) are very important in regulating hepatocyte
growth and preventing liver-diseases, the fundamental molecular mechanisms of how they exert their hepatoprotective
functions are not well known. Since it is widely understood that the hepatic concentrations of S-adenosylmethionine
(SAMe) in chronic liver disease patients are severely decreased, the pathophysiological importance of SAMe and its
downstream antioxidant, glutathione should be discussed in order to see a big picture of relationship between SCAA and
liver diseases. Chronic SAMe deficient mice have shown spontaneous hepatocellular carcinoma development due to
impaired mitochondria functions with low levels of prohibitinl protein, and through deficiency in many genes which are
known to ameliorate genetic instability, such as APEX1 and DUSPI1, the functions of which are recovered by SAMe
treatment. In this review, current knowledge of the basic concepts of the mechanisms through which SCAAs protect the
liver will be discussed in detail. Also, a possible tumor suppressor in livers, prohibitinl, and its functional relationship with

SAMe will be discussed.
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Fig. 1. Sulfur-containing amino acid metabolism in mammalian cells. Bold abbreviations indicate the name of the enzymes that catalyze the
corresponding reactions. The numbers in the parentheses represent Enzyme Commission numbers (EC numbers) of the enzymes. BHMT
(betaine-homocysteine methyltransferase, 2.1.1.5), CBS (cystathionine beta synthase, 4.2.1.22), CGL (cystathionine gamma lyase, 4.4.1.1), DP
(dipeptidase, 3.4.13.19), GCL (glutamate cysteine ligase, 6.3.2.2) GNMT (glycine-N-methyltransferase, 2.1.1.20), GSS (glutathione synthetase,
6.3.2.3), GTP (gamma-glutamyl transpeptidase, 2.3.2.2), MAT (methionine adenosyltransferase, 2.5.1.6), MS (methionine synthase, 2.1.1.13),

SAHH (S-adenosylhomocysteine hydrolase, 3.3.1.1)

=71 AA¢ 213}9 o] HIEJTHS). 7

= ol 2 tiatel wlgAAR)
Ho g2 HE SAMCE-J HAE EvsleE @491 MAT 11e] &
gol 50% o1’ AstE= dlell 7] SiCig= A J—E]C}ii‘ﬂ(@ ol
w2 7+ GSHe| &%= A3t ‘E?& HAgE A AA BAEA LS
Ur I FAECA SAMeE woE 7 7+ GSHe] =7t A
TO 2 B EHIJTHT). E}EW 73] MAT VIS F3A 7=
M4T1A FAR ] o] FERT] AZFon, WA SAMe
4RSS = F JE Matla A AA (Matla-KO) AH= &
Al Zkre] w2l # X]E«] B ESH wAUES 9ol
T ATHE). LukhQl 7143 By

ol &F AF o 98t BN E MATI4S] TE A3}
7k SAMe Fx2] Ayt HFE (S 22T w SAMed] 717

Bo 58 429 A3 ARt #A glo] dRlEny & ¢
Tk Matla-KO A7 9] 735 dub Abg A3 Al A5 1871497
AAF o7 7hH E W (hepatocellular carcinoma, HCCYS A4 3H31
<l olEg THHEY e AT HAUSFLEE F
7FEl Cytochrome P450 2E1(Cyp2el)(10) 2 <48 vlo]EZ =]
O}(mitochondria)®] 7]%&°] AAEATH11). Tk 2 Ao <
St Matla-KO AF|e] Zhollx 4% DNAS A &88h= oz
1 apurinic/apyrimidinic endonuclease 1(APEX1)2] W& o] &#I3]
Haslon SAMee] #9417 APEXI ©rle] obgA 3o
Ege v A2 HIAHNUKI2). & tE FHAl A=
Matla-KO A F oA mitogen-activated protein kinase(MAPK)<]
2£9] extracellular signal-regulated kinase(ERK)2] W& o] Z7}s}h
#Rom, ERK 4< JAIste @ ZAQl dual-specificity mitogen-
activated protein kinase phosphatase(DUSP1)2] & o] &#|3] A
E= Aoz YEhuth(13). 22 ATelA] SAMeS] o7t

A% BN e
;4;_ 48 ] el

—

¢

é EQ ol w&

DUSP1 ©Hel& 9] proteasomal &35 A3 g2 24 DUSPIS] A
Fuff FgAol Zlogithe AR HES EJ—E]‘”E}(B) SEA|RE o]
e ATE xS 4xd W 2 DNA &4 o 7+
do o] e sk dF WAUSFS AT ® 71%01] By
HAG Ax ) rle]EZEgole] &l ok 719t g v
AYF tst dide g digs = F Y A2 A
o[t}

AR 7RIS Sxpe] A9 1 WFe] Addhs AEslol
A 4ksh Z:Eﬂ]ﬁ:(omdanve stress)f’/] Z71E Fakelt(14). &
Sk olu|i=AF hAFE ] GSH7HFig. 1) 7HllA] 723k gkt
71HeR 7] FlEAged F8% 9TS FYstnE
GSHUjAL o]/ Bt 7katsA] wolol & Fto|rt. 7h2
F9E 28-S/ (gram-negative bacteria)ol| A -2 =
‘Q EZ1<] lipopolysaccharide(LPS)E A Adte 83 985 &

Zeith o] FAolx GSHe| &itsl 582 g FastH AA
a2 g9 FAlel7lxE sith(15). £3] LPSelejs) B HE s
485 (endotoxemia) 7 SR} AIXM Ho] WAsH= d], Wl
=082 AR 7F &4Fo] Awrt AHAl Ao HEEAS

120 ]
HSIEL He(16), B oh e YELATE o2 T A
o o]o] QU§(17) LH

¢

o
o
=2

rr
jaled
o|\

0101 714 9 ks o].u]J_ SAMe

fo
Q
172)
jan)
12
N
[
o
=
o2
0>~
_L4
| 2
=
r&'
£
:‘3:
N
N
:‘F:
_l
0{
i fo
&
_ﬂ
o
l' ol

18y A7) Lps "AW 35 2
= W SAMe?] FEE SRR S-adenosylhomocystem(SAHH
TET TS FRlsnh olHe 4 SAMeE AA T
AFAAME YA A 2 st @A 8] sl o
woll SAMe®] 3 M BE g e GSH«] TEE
A Al g3l 2 7S TS the AS AHHoR



Fe-froln itk 7Hd 3 655
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Fig. 2. Western blots of prohibitinl (Phb1) and beta-actin (Actin)
from the protein of wildtype mouse whole livers that fed PBS or
S-adenosylmethionine (SAMe) for 2 weeks by oral gavage. Upper
panel represents densitometric values of the western blots (bottom
panel). The values are expressed as mean+SEM (n=4 each group)
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