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[ Abstract]  Hypoxia/ischemia is a common clinical pathophysiological process and cause of death, and it is a
common problem in extreme conditions such as high altitude, astronautics and diving. Hamartin is a kind of effective
endogenous neuroprotectant and could increase cell tolerance to acute hypoxia or ischemia, thus, is of significance to
research. The role of hamartin in hypoxia/ischemia has been a research focus of many scientists. Elucidating the related
protective effect and its DNA methylation on hypoxia/ischemia can not only reduce injury, but also lay a basic for further
studying the role of hamartin and its DNA methylation in other pathophysiological processes and provide theoretical guidance
for the following clinical study. In this paper,we review the structure, mechanism and role of hamartin and the effect of its
DNA methylation on hypoxia/ischemia.

[ Key words] Hamartin; Hypoxia/Ischemia; Methylation

[(E&TH]EK A AR 4 (81460283 ,81660307 ) 5 51t [ SR BF 4% 5 4 (2016MS (LH) 0307, 2014MS0810 ) 5 1, 3k [ 27 g 1 -1 5 4
(BSJJ201621, BSJJ201617)

[MEE BN 1M (1992 - ) 55 o d:, Blb . AL TA SR K, E-mail holy. lin@ foxmail. com

[EITES T HRE B #082, BF5E 7 1. & B2, E-mail; shao_guo_china@ 163. com; T Wi &, 4, Rl L2, BF 78 7 1] . i 4 35 B 22
E-mail ; huanglihua858 @ 163. com



86 o AR BE 224 2017 4R 8 4527 45 8 ] Chin J Comp Med, August 2017, Vol. 27. No. 8

IR/ MR I IR 45 RGEF )12 6 I i g 3
A PRI R R — R AR s PR I T AT TG ik TR
WEAGMERST, W E M SR TR RS AR
AR —RI 0, T E NI (HEA
JiL U7 T R R A 45 s O R R TR0, N R
Bl AL AT LA v 20 | 2H %A S e I 1 T 27
P RSETRAE JO R 2 V8 B0 40 | 2 2000 I 4 it
(TN 52 1) — A RO G . AR TS B 2 4 - TS 4y
YA A8 — A B A AR S/ Bl it o 3, 40
AR Ol s 7 A o =W | L S T i e
st AR TIE N AT DL i E R 22 Rl A AL i Y
FeIR R s p AT AR 52 AR5 T 1 S AR IO B L
R SER A2 AR 1986 4F Murry 1EHF 5T K 1.0
U AR A ek A B A g I S o0 AU T i i 483 493 1% Tt
2 MGG e I 8 AR AL/ 0 ol 99 42k B4 L BT R
TEARBIK 40 min 7 20 WILRE B 78 Rl 5 %) HE 2 A0
/b T 75% . 2 J5 Agematsu K 25 A3 3o 52 56 F
I R DR/ B X B i AR E RS A ST R
eI/ R E ST hamartin X5 21 i/ 20 2 5]
PP PR 3 R I R b 7B 36 7 — SR A
SRR E A TR S

1 Hamartin & KR RIE

A% e 45 1 B AL 2 B JE (tuberous sclerosis
complex, TSC) {4 &9 J2: 1 FIigg i il B TSC1 5%
TSC2 AR TR, TSC1 FE P 1E # B9 #5728 K
Hamartin, TSC2 J& K 1) 3235 7791~ Tuberin, 3 & 1%
BT KRR =Y S5 A TR B TSC1/TSC2 EAME 5
5538 I I 350, TSC1 & WA T A 4 0 fk
9q34 5S4 8. 6 kb 1 mRNA, H 4w ) 2 11
Jii hamartin KZ1°4 130 kD, BF%E & B . harmartin &
H B AR BE LA e, NUR A 5 e i FLh i A
BA RERIE . B & — 4 AR X A 1 164 >
FHEIR A W i i A Ak X 3 3o C Rl N i R
BB, N Yt oAy 5 J5 45 K4 3R wberin 45 A 58938, C
Uit A HTEIE ( coiled-coil ) 25 #4038k Rho 8775 45 #4 45§,
iz 2% 5 H/R & B/ % 8 B ( ezrin-radixin-
moesin, ERM) AH F.AE L5 F 417, TSC1 JE P 7
MBS LA YAy ik (H 2 R IR R A S A
[ei) , e R B v 1 IX ek s

2 Hamartin 250 ESHESEBESKA/Hm

5T B8 TSC F PR R 52 0w 40 it &) 391 pd gk 2

A A R A A A R TSC SRR R
PI3K/Akt/mTOR/S6K 1551 S I 1 OGS AT 7E
VFZ2 B bR o 0] UL PISK/ Akt/ mTOR/S6K {5 %5
S 3 BRI 3 B T AL, PI3K-Akt-mTOR 3l 845y 2
MRS BB G S5 SRR, w4 K A7
I A AT A A N A A R R AR R
HFEEMNAYFI6E 1% B0 AL &5 i — R 5
BRI , ELAERERE P 22 722 | ) BF S 1 5 s i
I P , mTOR 1238 i rh e 45 35, AT 2 Ff
VAT REXT IR IR SEIN 7 & AR KA
PGS T & i TSCL/TSC2 /A
Y Z — 225 mTOR & 4%, ##] mTOR %
TG, (A 530 % A% S rp i, 20 i Ji P i 15
hamartin B{# tuberin ik G B}, TSC1/TSC2 & &
Pridl mTOR PG VE FH T2 2, T 9% A5 515 5
W L RO, BN kA, A R
hamartin £ A 82 0] LB 1 it 4 P77 FH ko AR
HEEM R fE, Hlhn IKKB  FIP200 A BEfs 1 &
P456 T hamartin [ PAf# TSC1/TSC2 &2 &1 H ,
RS mTOR A i, 5 805k i & 41 it
Hh,TSC AW EHAE B T K+ Rheb 2 —1~H
/N GTPase I M A B 11, S 200 M Jo] 300 2t A PN 40 i A=
KFrsd . Rheb Y5 TSC & 498 T % mTOR
WE AT, 5 TSC1/TSC2 E 43[R 4EFF mTOR i
ERRE ) A, AR R TSC B AR
M mTORCI 23 3k n] 94 b 48 AR 477 P 7 4% = 1ok
), DT A KB AR TSC PR /N BRI 75, PRt
HEM TSC1/TSC2 B A WTEM & RGP h K
FAERNY ) ERECIRAS R, mTOR 38 # 1 52 21 9 Ff
ML B A&, X AL S TSC B &M 25
H K, HIF- mTOR-K UPR-IKH 15 5 i B e g L)
BRI 5 SO 8/ Bl A T 30 2, A L5 ) | 3 [
PHT USR8 38, 4 1 4 B A A7 2 e R
AR TP RE BRI, BT
THIRI Y 0 DG B A3 B R 15 Ak B 1 ( AMPK) 19
TR A AE , B R L mTORCL , 34 7% TSC1/TSC2
EAYE mTOR 38 B, 90 8 H 8RS 1 i
AR A RERESE E AR hamartin 2% 530
PR IILAE PN 2 28 K BT ( VEGF ) 283k B iy 28 A il g 5
mTOR 3 5 115 T0 6, B3 T SO ik 45 U
X AT 8 A I S/ B o 1 7 40 a0 A 4 R 4R R Y
JAB% | [ BF3 BH hamartin 7] 582 5 T Sk /8 &
TRt



T FL R R AR5 2017 4 8 A5 27 %55 8 ] Chin J Comp Med, August 2017, Vol. 27. No. 8 87

3 Hamartin 531 FX DNA BE4ERKE/ S
RO 3R

DNA W JE Ak & i & 45 75 DNA W JE 5% 7% il
( DNA methyltransferase, DNMTs) fEFH T, UL S-AR
FH i & 2 ( S-adenosyl methionine, SAM ) Ay HI J& fit
PA e HH R (A1 e S 81 s g T S5 IEE S ( CpG ) — A%
TR MImERE 5 fifi £ L, CpG ZEEMTERH
(Y JE B DXRI G SR AR X, 3 S X ) DNA H 34k
AE D A Y o ot 8 44 I BHLAS 7 S 7 S5 A R I 91 1
LEA MM HIFER FIE ™ IEH A DNA FF 31k 7 4t
FEAH M AR 1E 5 Dy e b R 2R, I 5%
() DNA HEAL T e 5 22 M i A A= O , e 2
EGIAE/ 0 T B A 0 M A D8 PR, (IR A AT
D7 I e R i i A 2 TR N2 )
(mgNPCs ) [ 58 B J57 240 Ftd 1) 534k, B o KB s Ji
B M e L o WU Y| 1= == 7 N
3 S R R SRS A M AL e o 4 A 4k ok
P TT AHEWT ZE IR S 5514 DNA H S8 A X6 44 e 1)
PR R B B A S R W AR AR/ R P i
FEHJF 211X DNA HUEEAL A28 1k s Fp s 4k 3 B
15 Z 45405, ©AERE DNA H LAk il ml L5
AT I A RV 3K AT BB PR AP/ BT R T 3 Y
FEARM ML= B R, B R ML AE T
B 15 e ZH 20 hamartin 22 38 5K T 1F W 41
2L, MR LD TSC JR 3 DA iy R Y
XL JE 2h - X H B 4L BB 4% 5% W) hamartin 36 35
2 B X gAY hamartin 25 AR TSC1 K: K 5 3h
F XTI R I CG & K2 60% , o
CpG 2538 7% /47, f546 CPG EyFRHE %A s+ X
I Y R Ak AR Ak £ 52 I hamartin FE R A9 352
DNA H AT hamartin 76K &L/ SR 100 B 1 2% 35 7] fig
S —E R, I DNA H 46 A8 46 X T 11K
S/ BRINT hamartin (1938 15 DL KOG 4 i i £ 37 1L 1
HEENIFTRE L,

AT IO I TR 255 | 7 26 e i ke ., 2 38
HEEy CAT XA M AE T W] DI S CAL X
I/ Bl LA BURR . 2 11 B 40 27 43 S o /N BT
B CA3 XHEHL R L5 15 5 hamartin 19 3R 35 A ¢,
Papadakis 25" FI] FF A BRI ifin 455 75 0F 5% % PRI 25 1)
CAT DX 1% P 25 2 B X A1 S e ot AR Sy 800K, T 7
CA3 X[ A 25 4 1t X6) {1 420/ R I 58 R T 22, (2
CAT FI CA3 DX F) 2 2 v X e ot 45 40 3% 0 114 A
RTR] S REAIL ) i A v A7 atE— A R T LK

Xof 4 T T AV S/ BRI 25 12 T 400 e o 2 (R A L o
ifE 3h A H R X, BESE &K B TSCT % i1 1Y
hamartin £ F 761 &/ 8 L 55 48 T 0T DAk #6015 5
LK CA3 MR AN 2 A6, H v A 22 40 XA
/BTN 321, /UG 3 3K hamartin A5
KB AWH] hamartin A IK 21 INZ A0 FE T,
TMiad Fe3K hamartin #4128 40 M8 5 175 5 A R HEHTUAC
/Bt AR/ B il Ak B ) CA3 X hamartin 1Y
TR HA RS %, WL # 6] mTORC1 A% S
A= I hamartin {2 E #2840 AR 7735 A1 480/ Bl IfL

NEZIR CAL XA ZH A hamartin 23k, Gl 7905E b
(IPC) Zb T LS CAL XA 4 il hamartin 35
LRI A AR, BB W A S H R AR
PR, (ERR AT 2 A P TR A AR AL
HIEA T — B RAHRR

4 Z5iE

UTAER X T hamartin BYBIFFE C 800 4R 32 T
PEAMTET I, BEE BT B9 A TR A hamartin 1)
V2Rt B el L, — L 0 & A s L 5 hAg
B 7RSS, R e 28 N B R IE T 5 T I
5T BERRAR, WX hamartin BYBFSY, IR L
NATWESE T V28 W97 2R OB L ST vk OF IS
TR E ST AR AN X — S [ ) R e
J7 11, 8 hamartin QLIRAS T — LB 5B P4 () 2E i | 3X
RS T AT LR AT, $E i 1 AT AR
KA o TS — A sty % 2 G e 1/ AR SR SE AR AT
hamartin X 41 1 ) R 37 V5 FH A5 AS BB 9 B8 A 5T
TEARRIML R TAR , AR 25 A o BR 58, 1
hamartin X} 21 Ji (%) 2R 3 HIL I 8F A e — > X — N 1Y
MERI, 300 X6 AR 14 ek AR I FH 7 e I /{6 4 55 8 i
A AR A PR LA R TR Y S

Sk

[ 1] Bergeron M, Gidday JM, Yu AY, et al. Role of hypoxia-inducible
factor-1 in hypoxia-induced ischemic tolerance in neonatal rat brain
[J]. Ann Neurol , 2000, 48(3) ;285 —96.

[ 2] Huang XS, Chen HP, Yu HH, et al. Nrf2-dependent upregulation
of antioxidative enzymes: a novel pathway for hypoxic
preconditioning-mediated delayed cardioprotection [ J ]. Mol Cell
Biochem, 2014, 385(1) ;33 —-41.

[ 3] Agematsu K, Korotcova L., Morton PD, et al. Hypoxia diminishes
the protective function of white-matter astrocytes in the developing
brain[ J]. J Thorac Cardiovasc Surg, 2016,151(1) ;265 —72.

[ 4] Papadakis M, Hadley G, Xilouri M, et al. Tscl ( hamartin)



88

P AR BE A 4R 2017 4E 8 45 27 A5 8 i

Chin J Comp Med, August 2017,Vol. 27. No. 8

[7]

[8]

[10]

[11]

[12]

[16]

confers neuroprotection against ischemia by inducing autophagy
[J]. Nat Med, 2013, 19(3) :351 -357.

Prabowo A, Anink J, Lammens M, et al. Fetal brain lesions in
tuberous sclerosis complex; TORCI activation and inflammation
[J]. Brain Pathol, 2013, 23(1) .45 -59,15.

de Vries PJ. Targeted treatments for cognitive and neurodevelop-
mental disorders in tuberous sclerosis complex [ J]. Neurother-
apeutics, 2010, 7(3) ;275 -282.

Santiago Lima AJ, Hoogeveen-Westerveld M, Nakashima A, et
al. Identification of regions critical for the integrity of the TSCI-
TSC2-TBC1D7 complex[ J]. PLoS One, 2014, 9(4) :€93940.
Way SW, Rozas NS, Wu HC, et al. The differential effects of
prenatal and/or postnatal rapamycin on neurodevelopmental
defects and cognition in a neuroglial mouse model of tuberous
sclerosis complex[ J]. Hum Mol Genet, 2012, 21 (14) :3226
-3236.

Huang J, Manning BD. The TSCI-TSC2 complex: a molecular
switchboard controlling cell growth[J]. Biochem J, 2008, 412
(2):179 -90.

Amcheslavsky A, Tto N, Jiang J, et al. Tuberous sclerosis
complex and Myc coordinate the growth and division of Drosophila
intestinal stem cells[ J]. J Cell Biol, 2011, 193(4) ;695 -710.
Zhang L, Xing D, Gao X, et al. Low-power laser irradiation
promotes cell proliferation by activating PI3K/ Akt pathway[ J]. J
Cell Physiol, 2009, 219(3) :553 - 562.

Jiang J, Zhang Y, Guo Y, et al. MicroRNA-3127 promotes cell
proliferation and tumorigenicity in hepatocellular carcinoma by
disrupting of PI3K/AKT negative regulation [ J].
2015, 6(8) :6359 -6372.

Lee DF, Kuo HP, Chen CT, et al. IKK beta suppression of

Oncotarget ,

TSCI links inflammation and tumor angiogenesis via the mTOR
pathway[ J]. Cell, 2007, 130(3) :440 —455.

Magri L, Galli R. mTOR signaling in neural stem cells: from
basic biology to disease[ J]. Cell Mol Life Sci, 2012, 70(16) ;
2887 —2898.

Mazhab-Jafari MT, Marshall CB, Ho J, et al. Structure-guided
mutation of the conserved G3-box glycine in Rheb generates a
constitutively ~activated regulator of mammalian target of
rapamycin (mTOR) [J]. J Biol Chem, 2014, 289(18) :12195
-12201.

Feliciano DM, Su T, Lopez J, et al. Single-cell Tscl knockout

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

during corticogenesis generates tuber-like lesions and reduces
seizure threshold in mice [ J]. J Clin Invest, 2011, 121(4) .
1596 - 1607.

Wouters BG, Koritzinsky M. Hypoxia signalling through mTOR
and the unfolded protein response in cancer [ J ]. Nat Rev
Cancer, 2008, 8(11) :851 —864.

Laplante M, Sabatini DM. mTOR signaling in growth control and
disease[ J]. Cell, 2012, 149(2) :274 -293.

Neuman NA, Henske EP. Non-canonical functions of the tuberous
sclerosis complex-Rheb signalling axis[ J]. EMBO Mol Med, 2011,
3(4) :189 -200.

WS, ZR1. FRVLIBAL 1B M 1 27 > RLCAZ i 98 35 1R
[J]. WESEEEYM, 2011, 19(5) :441 - 445,
ZERR,ZEB AT, A BRI AC B BUR FE R Tsel J3 3+ X
HIJEfLA mTOR F3kABAL[ T]. TR 224 B2 2 it 2015,
46(1) :47 -50.

Xiong F, Lin T, Song M, et al. Antenatal hypoxia induces
epigenetic repression of glucocorticoid receptor and promotes
ischemic-sensitive phenotype in the developing heart[ J]. J Mol
Cell Cardiol, 2016, 91:160 —171.

Kumral A, Tuzun F, Yesilirmak D, et al. Role of epigenetic
regulatory mechanisms in neonatal hypoxic-ischemic brain injury
[J]. Early Hum Dev, 2009, 72(6) :692 —693.

Jiang WG, Sampson J, Martin TA, et al. Tuberin and hamartin
are aberrantly expressed and linked to clinical outcome in human
breast cancer; the role of promoter methylation of TSC genes[ J].
Eur J Cancer, 2005, 41(11) :1628 —1636.

Takamochi K, Ogura T, Yokose T, et al. Molecular analysis of
the TSCI, gene in adenocarcinoma of the lung [J]. Lung
Cancer, 2004, 46(3) :271 -281.

Deng G, Yonchek JC, Quillinan N, et al. A novel mouse model
of pediatric cardiac arrest and cardiopulmonary resuscitation
reveals age-dependent neuronal sensitivities to ischemic injury
[J]. J Neurosci Methods, 2013, 222(1) :34 —41.

Patrylo PR, Williamson A. The effects of aging on dentate circuitry
and function[ J]. Prog Brain Res, 2007, 163(163) :679 —696.
Hadley G, De Luca GC, Papadakis M, et al. Endogenous neur-
oprotection; hamartin modulates an austere approach to staying
Int J Stroke, 2013, 8(6) :449 —450.

alive in a recession[ J].

(Y 7EHHEA)2016 -12 - 13



