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LRSS ARG s eAh, GLTP W] LI i 4% PR 2041 2 A OGP+ 2 (NRF2) /miR-196a/GLTP 3 4531 /N
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Role and Mechanism of Human Glycolipid Transfer Protein in Tumors

ZENG Lu*", MA Ziwei"", HE Minhui®*", ZOU Xiangiong™"
(Guilin Medical University a. Science Experiment Centre; b. College of Basic Medical Sciences, Guilin 541199, China)

Abstract: Human glycolipid transport protein (GLTP) is a key protein that regulates the transport of different types of
glycosphingolipids (GSLs) into and out of the cytoplasmic membrane of the organism. Studies have shown that in cervical
cancer (CC), GLTP may regulate the immune status in the tumor microenvironment through the interface between macrophages
and tumor-infiltrating lymphocytes, exerting an oncostatic effect and being able to prognosticate the survival of CC patients,
with the potential to be a therapeutic drug target, whereas the specific mechanism of action of GLTP in CC has not yet been
reported. In colorectal cancer (CRC) cells, the upregulation of miR-196b directly targets GLTP mRNA to downregulate its
protein expression level, and the overexpression of GLTP can induce necrotic apoptosis in some CRC cells by interfering with
cell cycle progression and sphingolipid metabolism, suggesting that GLTP is expected to be an important target and prognostic
marker for precision therapy of CRC. Furthermore, GLTP has been demonstrated to regulate the resistance of non-small cell lung
cancer (NSCLC) cells to tyrosine kinase inhibitors (TKIs) gefitinib via the nuclear factor erythroid 2-related factor 2 (NRF2)/
miR-196a/GLTP pathway, its expression level has been shown to correlate with tumor grading and patient survival. GLTP may
serve as a novel biological marker and therapeutic target for NSCLC cells resistant to TKIs. In conclusion, the role of GLTP in
various types of tumors is of great clinical value and is expected to provide new directions for clinical treatment and prognosis
assessment of cancer.
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WG 1z 45 1 (glycolipid transfer protein, GLTP)
S ie%% 12 45 4 (sphingolipid transporter protein,
SPTP) H i —Fh/IN3F- (224 kD) RCEME ALK
B, AT 12 55 00K 1292411 (75, FESE LT 7
B S RS . GLTP B 524 1) a- IR JEf) 4,
HHEBRHPIZE “=HWRARET” B ERAS “ HAEHE”
WEE S5 A, , SRR A 25 Fa i 44 0 “GLTP 37
" OB 1) . GLTP 5 A HyAH L AR Bgg J5e
BEAH S (GLTP K ) 1 i BRI a6 i,
F R FE XS T B GLTP LA 2 B 8 5 i 45 4
FIhfEs HA —E M. GLTP M 5 &
FLAUFE GLTP. 1- B oI £k 532 85 1 (ceramide-
1-phosphate transfer protein, CPTP ). i i5 Bk LA -4-
MR 1E 255 11 2 (phosphatidy linositol four-phosphate
adaptor protein 2, FAPP2) . RIS+ 40 At T- 25
(accelerated cell death-11, ACD11) MAENG %1545
15,2 55 F1 (glycolipid transfer protein domain-containing
protein-2, GLTPD2) 45 [24]

BEl1 #EIEHIZE B =454 (PBD: 3RWYV)
Fig. 1 Spatial structure of glycolipid transfer protein
(PBD: 3RWYV)

SEFI M RERT ST X T GLTP i it sk R feb:
gk 147 3 N RAE . AERIH)E T SPTP
[l —KEE T, GLTP B HR W HA | 2 45
S, AH BB E SRR A X A3 AN [ R B ) T 2
G5 GLTP 3245 40 i S5 B P S0 45 2 i i
(glycosphingolipids, GSLs ) [{JE4¢ 15412 , 7 GSLs
FRASBYIRSZ AR 55, b5 GSLs fEHLIARY
ek (1IN o N 2 AL N e X T P2 i A e
RIEA EE RN A, GLTP o] 5@ i H:

FFAT 37 ([ FRRMEIX AR N 2R ) #0145 5
0PN [ % (endoplasmic reticulum, ER ) 2] A &1
A FIAH 1T A (vesicle-associated membrane
protein-associated protein A, VAP-A) 35 Z M H.AE
i, S0 ER AT 2 8] e s itz L 4F
SE, 4 MI N GLTP ik sl 3Rk ik = VAP 455 hE )
(1) GLTP 548 (K 25 3 B A0 M3k (A 254 T L3z B,
() s 52 T 40 i 3 sl i . = A K SRR, 3R
W11 GLTP J H 5 VAP i A BA/E HAE i 25 F | ¢
BN R =R Ky R e, AT
GLTP REMCR LT 4N MR T4 | ZERN AR E 1, =
55 200 - SR SRR, ADE A S iR s 2 AN
ARAEE TR — ",

58 o, GLTP 5 Z Mg i 76 G 8k .
. GLTP VE Ry oA i) 5 B R Jo A 36 25 D] 52 g Xof
R R B R e H5E AT DCBHEAE FH R 2 5 Jie T 41 e
(oligodendrocytes, OLs) fif 4K, 2 5 g & -JLig C
¥R (Niemann-Pick C disease, NPC) HHAX#i 22 R4
BERS DT GLTP BT 5 A3 1 f I
TE AR A AT G, P REAE 1815 1 B s (1) 3R B2 18
S G @, GLTP B iF B 0] V8 R 3407 e
SRLPE TR AT

GLTP 1Y 3R IKTE 2 B i g 28 B v SR B 2R
WK JTAFEk, GLTP 5 g i AH S it 52 3 7 1k
N AN 244, o L GLTP 55 8 (cervical
carcinoma, CC). 45 H %95 (colorectal cancer, CRC)
PR AR SE e e 2

1 GLTP# CC HHJMER KEALH

CC 2 UL B IR MR E , 22 3R 41 44 26
U, 21 212 03 2 Oy B S IR A0 R | R R R
(cervical squamous cell carcinoma, CESC ) il i i &5
(adenosquamous carcinoma, ASC ), HEE &R & .
BiE 2" BT, CCRIES UG &, s
U1K U 5 7 B S i DR FRARR AR, R TR T RS
ARk, HHUERPEA FR; JS8 SRR 40 i 5
(squamous cell carcinoma antigen, SCCA ) &1 F Fllifs
PR, (BT CC B B Bl e 51 5 R U AR OR 3K
&>,

CC 2t L 388 3 o 4 300 o o ) A L A 7
Y BTA B, LSRRGS FE A, X AP AL
A AR — RS OCHEEL  R Ik AR e, BT
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Uk, SEAER, A7 Z2 IS R i i v A A CC 22 AR
P S AR, IRR CCHmYIR RS A, Hop
GLTP ¥ B e N . i, — I 5% ff F LASSO-
Cox [M A 43 r &7 T 4045 P4HAI . GLTP ., ABL?2
P4HA2 FN CYP4F12 ) 5 MRS OCIE RN R AE , 7]
DL 48 75 B I S R B8 A AR 155 0 W e 2tk
A, WAFHLEI CC WHUE ™. LLAPOCI, GLTP,
ISG20, SPP1 ., SLC24A3 F1 UPP1 3% 6 /3R 2H 1l i
UG R IEBRE /R CC B35 1 et L Ah, 38 ml T
T F8 5 X e e K A s il 7 (immune checkpoint
inhibitors, ICT) i 5 i, I 76 P4k AN [ M7 20 9 S A
A AE I SR AR UE AR Sk BE, P GLTP 8
KHA TN CC B2 e s >, ssh, Ak
SEAIBAFGEE T 8 Bl AR A AH G L K (ALDH3B2 .,
CERS3.FA2H,GLTP . NRIH3 . PLIN3 . SLC44A43 Fll
SOLE) Z35 FRFHIE . HTZFFIEREAS X CESC I
A] i 2 X A Ttk A A7 (progression-free survival,
PFS) 1Y) CC /B H HATRI 3, Horh GLTP X IGAFAE AT
fEA BTk AR

BT FR R, B UL GLTP #£ CC i 3
IR 3w TR 421, 1 GLTP BIR &k ml
Y R S AN BB bR 2 s CC R B iy B
AW AR, GLTPZEMR XU ) CC %% Rk i
Fik, EFRIKH GLTP 5 RAFRI TS HIE > CC
LR S NRHEME R 2 SRR A G, GLTP J2& 5
AR LRI ERE . CC i GLTP Rik 2 HK 5
G, 5% 291 AR e g 92 3 9 £ 40 B A O R A S R IE T
GLTP % & 5 2R 40 L . W3 20 i 1 CD4'T 4 fifg
B B BLIE A G, #2278 T GLTP AJ figad i 5 w4
2 10 0 TR 3 R L 4 L AE CC A9 B B I8 1 Hh
FEMIEIER

Ak, GLTP AT BERL N CC ML S ie ity 7
Jr&Ehile Sk 5. Blan: GLTP LKA B
A HE T 3 A5 SR A0 ) 25 ) 5 R B0 T A DG i R R
ARYT 5 GLTP =5 2 15 1 A8 25 T n] B DA 7] 24 4 21
A ENG- FIEIR R I STk 2 £,

ZE PR, CCAE N Rk obEw B e, Hah
7 EORE At P S0 P A s 2 A R o A S R A
o T Z ST KB, GLTP 5 CCAE{E £ )y I %
5. GLTP 7€ CC rf nJ B ik 0 200 Jf 42 11 R e
T2 1E R O 200 X e TR P 1 B R IR A R A T 4
BHMEEVER . IbAh, GLTP A fgi i 154 At

FEP (3R 1 2R = FN CC g AR A7, aa ]
YRk ST UG FE bR, A B CCIRYT I R 254
B AE N REST IR BRI . SR, GLTP XtF CC
(VAL i A WL A HfGE . X GLTP 76 CC /&
TG 6T S5 T i — S R R LA T A
FGRE, T LISy CC oMY L — B 5

2 GLTP7E CRC HHI1E A R H &l

CRCTE T A e o A R MIBE T2 38 34 J& Tl
G, X N R B T R . PEiE, CRC
(1% A5 % Rt HL 5 GSLs (7K S B 1A 56 2

W5 & B, 72 CRC A fidH, B fi miR-196b |
P ] L FE R /R ] GLTP mRNA T i 48 A o
IR K, B AR T 8 55 2H 21, CRC  GLTP
AT REAR . 4N T4 GLTP % CRC v
(E5C ], — VR 55 % GLTP i 3 3k T 45 i 98 240 iy
(HT-29), %3 GLTP nl T4 i it #e , 55 %
HRFEREET AEPE T (ELREISRBE R T )
He A IR NS B SRR, X 4R BB T AL Y
FRBH WA g A A= LR SRSV T
I AR B B9 e BRI — FhZE U8 T AL 52 0
FEACHE R P AR it T, H GLTP 534034
FEME PR TR DG HE R 2 28 0 AT R VE N A e i )
PR IR S

1 FRIB A GLTP 7ELE A A0 (HT-29) P idfE
FHMLHT (151 2) . Hod ik CRC 40 G1/S A s AR
WHAH P B KF- 47T (mRNA FVE H BT Z 1 ),
T BEL A CRC 20 it J5 30, ELAACG0 455 81 vay 200 e &1 48
BB GRS ME 4 B (cyclin-dependent kinase, CDK ) f1fi
P F 1B (Kip1/p27) F1 1A (Cip1/p21), 4k CDK2.,
CDK4 F 4 g i 145 11 D1 (Cyclin D1)., il i Ji 3 2
[1E (Cyclin E) AR/ 0 N30 A 200 i Fa 301
BELHE P AR R R TR AIIAE T 9 FF 4R ™. GLTP it
FRIR5E T 45 R HT-29 20 SR F04: 0 T~ 4 T
AR BAF 8 30 3 (receptor-interacting serine/
threonine-protein kinase 3, RIPK3) 147 7E, RIPK3 i
i 52 A E A A 0 1 (RIPK) C RS2
AR B AH B AE FH 3L P (receptor homotypic interaction
motif, RHIM ) Z53RZ5 &, T8 A E/MAE 54,
AT S SR T AP T 277 4kl RIPK3 3548
TR 2R P25 A8 URE AR (mixed lineage kinase
domain-like pseudokinase, MLKL ) EIRFE/IMAE &
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Yy, I:-%F MLKL Thr357 F1 Ser358 fii 5 EA T AR 1L,
fih A FAG 2 U3, RAGTE AR TE MR LT 4, 4
A GRS T8 L, 303 SR R e 1 e e e, 33
AN B EAE T, ENRFE g T2
Wilg R —RKEEMAR T, 2 5 MM LS
FaRE SR NS 15 5, AR 2 (ceramides,
Cer). #5#5 g (sphingomyelins, SM ), GSLs Fl1#H %
Ji -1- MR (sphingosine-1-phosphate, S1P ) £ H At #H
. GLTP it iAMH) CRC I (HT-29) (K55 PERG
R, HAR AR IR A 22 53 SERAENG i A K S1P
D, T S TR 16:0-Cer JEH A8 L2
RS Ak S35 S1P/16:0-Cer (1 HAE (HEHEASFH 28 ) i
FRA, AR FET K-, T R A 10T 1ty
AT 7 R, CRC 40 HCT-116 1% GLTP i
FIRTCHAS K MR FENE P T 5 HCT-116 (1) RIPK3
NI F 3k & S1P/16:0-Cer A FIBET K
*Ha\é\ 27,32 \O
PL_EWFSE 2 BH , GLTP 1952 18 765543 CRC 4]
Ji (4N HT-29) v, 58 3ok 75 5% s F B2 i B 45
G1/S BRI S AH I i i 2R3A 7K1 (4n Cip1/p2 55 ) BH
T TR AR RN, RO RIPK3 . MLKL 4553
Z 51087 H AR T . A, GLTP i
FEIRM HT-29 4 HO# AR & A= U2, S1P/16:0-Cer
LA (REREAERHAS ) S5PET- 40 MK FAHIE . AT 0L

GLTPT
Gl
— GI1/S checkpoints

M Cell cycle

[ Cipl/p21, Kipl/p271
M checkpoints °  CDK2, CDK4
G2/M checkpoints @ \ Cyelin DI, E l

S checkpoints

o<
&3
&3 \\
£ :
o< ==
£3 N\
- 2 /
0<8 / \
0-5¢ \
8<=5¢ . . /
3¢ Endoplasmic reticulum (( /
=0 /
o 3 /
=] \
3= \ 4
8<2¢ \4/

GLTP izt 1k n] LA e 240 0 6 ST R A A s A0
S AIIRSEER T, HAT BN CRCAGHEIRT I
AL RS bR

3 GLTPZERMEHEIIEAEILE

it 2 A B Y WL B 2 —, AR
R R RIFE T L B /N A i
J& (non-small cell lung cancer, NSCLC) (£ 5 fiT A iliJes:
WAl 80%) FI/NAHRIGEE . Hageit, AR AR A
10% ~ 50% 4 FE B AFTER B A IR - 324 (epidermal
growth factor receptor, EGFR ) BL[R 587 3435] e
AR R 32 A - % PR U 10 1 551) ( EGFR-tyrosine
kinase inhibitors, EGFR-TKIs ) E.A 4t %} EGFR 1% 1]
P, (EHAEIRTT EGFR HEFI 9875 P41 NSCLC f835
TR W ITRL, IR T N . SR, T
NSCLC £ # % EGRF-TKISs [ J5U & P s 3RAS VLR 25,
USRS B, 33002 0 7 B g e
UEAER, GLTP 5 NSCLC {4 544 1l 48 43 BF
FAZM . TEm—C TKI 2543 JE & e i NSCLC
Y rh, A% 204 2 460G - 2 (nuclear factor
erythroid 2-related factor 2 , NRF2) [ 2K /K T,
B SR 7 NRF2 13 5 miR-196a 1 J3 1 7 X 45 4
IFHE 5 FLE 1, PR A i RNA miR-196a i)
5238, miR-196a HIERL 0 454 GLTP mRNA [

A
‘“iﬁﬁﬁﬁﬁmmm

23
& %I%M’
qQf
%
X

R
%
e

%
R
ER)
aX

Golgi apparatus

\\:o Monomer /

RIPK1 ‘MLKL

\ Phosphorylation
Oligomer MLKL
(Amyloid fiber)

B2 GLTP AT HT-29 i R AN S R E M T B ALl

Fig. 2

Mechanisms by which GLTP overexpression disrupts HT-29 cell cycle progression and induces its necrotic apoptosis
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3'-UTR, [%{f GLTP mRNA f4%#% 1% 1, LAZ GLTP
) 2R (1 3)

H b, X A it 24 4 e F — 25 SR B GLTP @ik
AFRJE , HXF— X EGFR-TKI 35 JE8 J& i BUk: %
I, T 245 200 i GLTP f) 53437 2305 D45 21 AH 2 1) 45
R aE s, T e ik GLTP 234 i i
HENSCLC AP 1=, XKW, GLTP Al fig th ik
PR JE 2 NSCLC 240 fu ) 3% R 8 SR mam 25 e . it

.. NRF2
®

Bindi
miR-196a promoter =

NUCLEUS

H, GLTP [ R IE 7K Rl I 73 S g i pE %, 5
GLTP 523k [ il £ 5 AH b, GLTPAIRF IR 1) R
A B A

F AT L, GLTP 2 miR-196a 4 544 NSCLC
A e R JE T 24 A ) B D RE A A, R VAR
Y11 TK s i 24 (1438 4% NRF2/miR-196a/GLTP H1 % %
KRR, A ] i NSCLC TKIs i 25 #3849
PRl A ORI

miR-196a mRNA 4

3"-UTR

GLTP mRNA

GLTP v
Cytoplasm

3 NSCLCTit TKIs Z8B# GLTP A 7K F BRI H
Fig.3 Mechanisms of reduced GLTP expression in NSCLC cells resistant to TKIs

4 BEEREZE

GLTP J&—F 5 145 1 #2AH 1Y GSLs
AR , BAT S T A MRS AL s 7, ik Sy
PR AT RS HAE g 0 1 e vh 4R R 3 AL
SR, Y24 M 1k, Z&F GLTP 78 g o i BARAE
R AL BT A T8 53 T, iR fip ik — 2D AR K o
e R R B4 T GLTP 520 Jiga R B | e
2 L ) 3 B R T 2 1 A A LA AR R HAE R[]
JH I T 5 T MRS T RE . ol an, R 4 R
(molecular docking, MD ). 24545 1| FH i 16 S 0F 25
ORI, GLTP FJE I & e (AR BAE B AR 7E
25 e (colon adenocarcinoma, COAD ) F#RZ K
ST AN, AR T 5 B 2 Ok
GLTP 55 g/l 9% (pancreatic adenocarcinoma, PAAD)
PEAT A RPERY BT 5 TP & & L : GLTP 7E PAAD " i

FIH, GLTP (i ELFEE 5 GLTP (i KA 7K P
W EAHOC; GLTP 5 Z 50 miRNA A 7E/EH, HixX
B miRNA 5319 B 4i 9 (renal cell carcinoma,
RCC) 4 Zo it B 55 S I AE PRI ™
Z., GLTP 1E R bgd it 5 i) 24 80l , HAHODC NS T
fift g ANE AT SR, (BT I R R AN T T
s, A XU RE SR AL Yy ] 5 ig AR
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