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Analysis of HMGA1 Gene Expression and Its Correlation with Diagnosis and
Prognosis in Multiple Cancers Based on TCGA Database
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Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College , Beijing 100021, China)

Abstract: Objective To explore the potential significance of high mobility group A1 (HMGAL1) protein in multiple cancers.
Methods Utilizing data from The Cancer Genome Atlas (TCGA), GEPIA2, cBioPortal, and Gene Set Cancer Analysis (GSCA)
databases, HMGA1 expression differences between cancerous and adjacent non-cancerous tissues were evaluated by the Wilcox-
on signed-rank test. Univariate COX proportional hazards analysis and Kaplan-Meier methods were applied for survival analysis.
Spearman correlation tests explored associations between HMGA1 expression and immune infiltrating cells, tumor mutational
burden (TMB), and microsatellite instability (MSI). Results HMGA1 was significantly upregulated and correlated with prog-
nosis across multiple cancers. Correlation analyses unveiled relationships between HMGA1 and the immune microenvironment,
TMB, and MSI. Gene Set Enrichment Analysis (GSEA) revealed HMGA1's involvement in cytokine and chemokine signaling,
cell cycle regulation, and antigen processing and presentation. HMGA1 expression correlated with sensitivity to drugs, including
TGX221 and CCT007093. Conclusions HMGA holds potential as a pan-cancer biomarker for diagnosis and prognosis.
Keywords : high mobility group Al; tumor microenvironment; drug sensitivity; The Cancer Genome Atlas; pan-cancer
2022 4F i EEAE A FIAE T Bl on ™, AR bR R S IR R 11 Al(high
2022 4F 1 [H 2947 482 T3 (8 A HwAE M 9] J2 257 77151 mobility group A1, HMGA1) J&—F 43 &ty 10kDa

TRAESET 91, s TR AT B S e TR YT 2 H D AE
BIT I E B R G Z — P (EIG IR TR HTR T
5ty B, SRR WA Ybr Y, e HORRE
f% ] Fsf 0 00 8 90 RN SR Y6 T ROR I BR S , B
R RIZTT B8 P 3K o IR i8R 5% (fumor microen-
vironment, TME) 1 Z FP 41 fSS Y20 A, £ 55 e 2 4h
JHL PN A BREF AR AR, T — B AR &R
P,k ok W £ (4 B 5% R B TME 5% T i 5 &

ELWE: FHEHE K LI (20232D0509500) .

AR A R E A, T Y @ikep2l 11, 5
4% DNA (double-stranded DNA, dsDNA) ' & &
A+T 1Y XA TR, TR 5 Si ok P8 45 i A
Fik ", HMGA1 & L% 1 97 (breast invasive
carcinoma, BRCA)™ | 1 it % (stomach adenocarcino-
ma, STAD)® FIF5 N I5J3 (uterine corpus endometri-
al carcinoma, UCEC)" Hhg&ihThy, HAhEE AR ™,
(B EER I, Boft BFUIE S HMGA Ll ot e i B

EERN: BARE (1991-) , L&, Wid, FEHW, B0 M0 2w, E-mail: zhaodxyx@163.com.
WRESE: LA (1976-) , B, WL, TAEHW, BP9 MR R SE 802207, E-mail: chinaminjie@sina.com,



168 HAREEEAE F4 8 F2M 202643 A T Mod Lab Med, Vol. 41, No. 2, Mar. 2026

I3 4 L 1) S5 42 K 5 TME! Y, H RT3 Bk = X HMGAL
TEZ i h AT ABFFEAGE , HMGAL X Z e
R SR 1 A A B G5 E o A5 R 98 3 PRI 241 [+
Ji%(The Cancer Genome Atlas, TCGA) 252 I8 22 40
HMGA1 133K S SR R REZS B () A FRUS 1Y)
AR, BRI 2y PR ) SELE

1 #MR5RHE

1.1 BrR A% i UCSC Xena M 3 (http://xena.
ucsc.edw)"? F#, TCGA $#8 1+ 33 Rz i RNA-
seq (FPKM) J A e TR %040 | i PR AT BEAS B A 47
AR | RASEG R IR - HERR I B AR
TS A B IR R, LR S i R g 22 P
M2 26 v 25 531 (University of Cingifermia Sisha
Cruz, UCSC) Xena [ TCGA pan-cancer(PANCAN) 3K
g S A= 730 (disease-specific survival, DSS)
Je ik J& 6] 3] (progression-free interval, PFI) Fl JC ¥ G
[7] 1 (disease-free interval, DFT) £, 2554 £ 15 &
B = B9 FEAS 38 33 cBioPortal (https://www.cbioportal.
org/)" Rl K2R 33 FiREAE T HMGA 1 JE R AR SARAE .
1.2 Fik

1.2.1 NEAZTHMGAT SEH (1 3235 22 553 #r - Wil-
cox Kz B Lt 88 AN [ 95 A 28 78U 1) 93 JiE s 55 4l 41
HMGAT 4 3% ik . ] I i 1 GEPIA2 [ 3 4 DT fi
TCGA IE 7 Bui A GTEx B HEI0T, ARG L8 fifsg
A S MR IE W L2 A HMGAT 3422 518 1),
1.2.2 AT : i HMGAL 67 R 3E K, 430
et DRSS 2L MBS JXURS: 2H o R FH B DR 2% COX [l U5 37 A
Kaplan-Meier 4 £753 B AN [a] KU 2 35 1 0 o
1231 PR3- 00 4 0 e As [l i PR 23 1) HMG AL
SR o TR FE GEPIA2 it 28 v (i FH BRI =07 2247
B e a2 AS [R) i 28 8 HMG AL 35 5116 R 701
ZIHI R o

1.2.4 HMGAT % % A & 1% 43 #7 . fff FH R £ “ESTI-
MATE” T4 33 Rz 28 Y i) S ie FEE B4, 1
R4l “CIBERSORT” M-l o e 442 11 , HMGA1
NG RPEPESY | FETTPES DL S G i 40 it 32 1 =22 8] Y
IR Spearman AH G404 .

1.2.5 HMGA1 BRI 575 5347 : {7 cBioPortal £4ii 2
I3 A 4% Pl IE B9 HMGAT 28 28 $5:1iF o “HMGAL”
1A “Quick Search Beta!” #EH1, JF7E “Cancer Types
Summary” “Mutations” “OncoPrint” 55 I £ 58 25 4
B GEAR SN DR

1.2.6 e 284540 faf (tumor mutation burden, TMB) 5

i 1B A £2 %E (microsatellite instability, MSI) 43 87 -

Spearman A CHE BT T HMGA1 %345 TMB
BUMSLZE A CFR .
1.2.7 HMGA1 iy 5t # A 5 B R 20 A B4 45 (KEG

G) i B% & 22 43 7. M GSEA ™ 3 (MSigDB, https:/
www.gsea-msigdb.org/gsea/msigdb/index.jsp) 3k H
F R £E(c2.cp.kegg.v2023.1.Hs.symbols.gmt), il i
GSEA & 4 ¥ 17 % &, FH R AL “clusterProfiler”
K “enrichplot” #F 17 &b ¥ I X HMGAL1 ) KEGG il
PR

1.2.8 HMGA 1 25 ) 3URRIE 73 A - (1 56 AR T AT 73
#1[Gene Set Cancer Analysis, GSCA (hust.edu.cn)] ¥
i HMGA1 X} 25 ) U B B2

1.3 SitF a4 Ira i RRA 4.3.1)
AT 7M. Wilcox K 36 FH T LB e 20 2R 55
HZ 2 Al )22 5 5 Kaplan-Meier(K-M) AE 77263153
] AL A= A7 2R HAR 5 COX Eb i RURS: AR 7Y FH 1
72 AL 5 1 XU e (hazard ratio, HR). Spearman ¢
Kt HMGA1 ik 5 TMB . MSI ., #1218 2
MCE . P<0.05 FR2EFHAGIEE L.

2 R

2.1 HMGAI KB £ £ 454 HMGALTE 15 F i
I | e e IR 1% I 2 9 (bladder urothelial carci noma,
BLCA), BRCA . % (cholangiocarcinoma, CHOL),
25 H W IR 95 (colorectal adenocarcinoma, COAD), £
& Ji (esophageal cancer, ESCA), 22 J& 4 1% it £ 4 fifd
Jid (glioblastoma multiforme, GBM), Sk 25 IR 41 g Ji5
(head and neck squamous cell carcinoma, HNSC), '
7. 3k R 41 Jfd 9 (kidney renal papillary cell carcinoma,
KIRP), T 40 g i 4 (liver hepatocellular carcinoma,
LIHC). fifi i %% (lung adenocarcinoma, LUAD). filifigitk
20098 (lung squamous cell carcinoma, LUSC), EH iR
Ji5 (rectum adenocarcinoma, READ), STAD ., HUIR IR 488
(thyroid carcinoma, THCA), UCEC] "3k [, it
1% B 41 it 9 (kidney renal clear cell carcinoma, KIRC)
9 HMGA T 5 [N 3 1k KPR A1, UL 1.8 T 4bSEIE
LSV A 2 00 e 580 L 1 1] GEPIA2 3 Pt
P TCGA 1E 045 FI GTEX 841 ” 1l 45 5% o
TE B SR A 95 A1 SRS (cervical squamous cell
carcinoma and endocer vical adenocar cinoma, CESC).
PRI PR B 41l bk I 9% (diffuse large B cell lymphoma,
DLBC), Bl HL3% 144 9 (ovarian serous cystadeno-
carcinoma, OV), & it J& (pancreatic adenocarcinoma,
PAAD). & 4% 4t i 9 / &Il # 2 1598 (pheochromocyto-
ma and paraganglioma, PCPG), f7 ik 2 {2 2 J& (skin
cutaneous melanoma, SKCM). 58 AL A= 55 414 it At 983
(testicular germ cell tumors, TGCT). Jfi i J#% (thymoma,
THYM) F11 5 A8 (uterine sarcoma, UCS) HWEL 5|
HMGA1 K35 i, T 7E 20PE 6 40 A AE 11 1% (acute
myeloid leukemia, AML)H &35 T ik 262 BILR BT,
HMGA 1 1ERZHUEAE IR ik i



PR IR B 2e il 415 521 2026453 A J Mod Lab Med, Vol. 41, No. 2, Mar. 2026 169

22 HMGAI Rk 5FEw%% N THIFCHMGAI
FIR 55 2Z 8] [ H w5 e S A A (overall survival,
OS). DSS. DFIFIPFI] 1Y AH 56 ¥, F& AT 0T 45 A Jd JiE
AT T COX A 43 B A A= A7 AH 43 B COX AT
M R, B b R 2 9 (adrenocortical carcinoma,
ACC), KIRC, KIRP. fixi Ik 2% | Ji& Jiz J& (brain lower

grade glioma, LGG). LIHC . LUAD ., [i] {7 J& (mesotheli-

oma, MESO), PAAD . [A J# (sarcoma, SARC) I UCEC
HHMGAT £ 1k T 55 5 OS FEACAH ¢ M i, 38 1Y
HMGALI % ik 5 # %5 B 2 5 2 J8 (uveal melanoma,
UVM) FI THYM H OS (54 56 . K-MAEfFo3Hr itk
— 3 #5 T 5 KIRP, LIHC, LUAD . MESO FTUCEC
B HMGA1 FRIR PG i A A s Ak

tissueType Bl Normal B Tumor

*xKx *hR i nhx *k * i ns

*xR *xk *hw wkx AR ns whk kR TRk L

100 } . . . .
e o
P -
L [ ]
3:7'5 " H I
% s
° 8 o . o+
= ® 9
.9 .' ..
2 50¢ 0 I+* .!
o : o
(@ s °
5‘) o © ]
[ ]
(0] H ’
= 25 .
[ ]
[ ]
G > O 8 ©& O © 9 o O x O
9 O & @ T ¥ 9 I L w
FEEEITIILFLEFLS

CancerType

T : *P<0.05, **P<0.01, ***P<0.001.

1 TCGA ##BEFEEMESHLAN HMGAl RIZER

HMGAL1 5% 15 5 DSS 2z [8] /9 AH & Pk 8w 1
BLCA . KIRC . KIRP, LIHC . LUAD . MESO F1 UCEC
H, HMGA1 ik T 515 B2 5 A, ESCA
T HMGA1 Rk 5 5 DFLER KA G

e, THE T 33 FiAS R R S5 PR S HMGAL
FikZ A9 CHE, HMGAL Z2i5FHE 5 ACC. ESCA .
KIRC . KIRP, LGG ., LIHC, LUAD, PAAD. UCEC #iI
i 571 i iR 967 (prostate adenocarcinoma, PRAD) H 4 1Y Tl
JEARRA K, KM R, M HMGAL RKIL S
KIRC. KIRP. LIHC., PAAD F1UCEC 1Y PRI 4 A
KA, ESCA BTl 5 5 HMGAL 6k 2 A
23 HMGAl .k ik 506 ko # e % 2 HMGAL
P 2R 3K PRI TR 43 BT 5, 72 9 F i ygg 28 A vpr | (46
ACC. HNSC. KIRC . KIRP. LIHC, LUAD. MESO,
TGCT F1'E €4, 41 ffd 93 (kidney chromophobe, KICH)
B HMGA 1 A 555 I R BIAH ¢, THCA 1,
I A3 49 1T HA 9 HMGAT ik T4, M A IV Y
WA R T UE S S 3, i GEPIA ¥ i 28 X35
WE T FRATH 45 5, HMGA1 3 K 78 A 8] I PR 339 vp

35 A JA], 7E HNSC, KIRC . KIRP, LIHC. LUAD,
TGCT FI THCA H, &85 38 5 A I R 43 B e 1R 14 5
IZEUE S HMGAL 0] BB AE (2 2F 9 0 0 g sl 75 vp
RIFNER IR
2.4 HMGAI & ik 5 TME X %, 9% 40 i i3 8 2 18] #)
A% FFESTIMATE & %, 8 T 330 A A
JibRE ST G N SE P43 45 SR R , HMGAL 3
355 10 AP iy 24 (DLBC . ESCA . HNSC . LUAD .
LUSC. PAAD. STAD. TGCT. UCEC. UAM) ff) s
P 17 Rp 2 (BRCA . COAD . ESCA . GBM,
HNSC. LAML . LIHC. LUAD. LUSC. OV. PAAD.
READ. STAD. TGCT. THYM . UCEC. UCS) iy %&)&
TR R A SC A, EE B HMGAL ik 5 114
J8 2% M (ACC . BLCA . BRCA . KICH. KIRC. LGG.
MESO . PRAD. SARC. THCA . THYM) [543
4 g 257 (LGG . PRAD . SARC . THCA) it 3 i
PR Z [ 2 A

B J5, WS T 33 M A ] i Jg 25 7 vp HMGAL 36
K SRR IR I ) 0 R 45 SRR, e A IR e



170 A R 5 41

&

28 202643 A T Mod Lab Med, Vol. 41, No. 2, Mar. 2026

55 Z R g 25 80 vh HMGAL Y 23k 7778 A e B
T 7, % T BLCA . BRCA. CHOL ., COAD. KIRC,
LUAD. MESO. PRAD. READ. SARG #ll STAD,
CDS'T 41 Jifu 12 i1F FIHMGA %% 35 122 1F 43 56, 1 4F,
% MLHMGA1 %% ik 5 GBM. KIRC. LUAD. PAAD.
STAD F1 THCA "1 MO WAt 52 1E ARG, WAL 2,
2.5 HMGAI A B R E > fii J1] cBioPortal i fz [
X HMGA 15 F AT 5848 9341 o B 48 B g (EACA) 1)
AL AR T 1 0 e i (3.3%), EE RN 14, WIK
3A. HMGAI (RS 2RI 3 AR BB, U
3B, HMGA1 JELFBMAYZAL 5 WK 3C.

2.6 HMGAIl £ix5 TMBSMSI# % % %F HMGAL
35 5 TMBEMSIRY AH OC P 4T T #F 98 ACC.
BRCA ., COAD, DLBC, HNSC, LGG. LUAD, LUSC,
PAAD. PRAD FI1STAD 3k 11 Ff & 4 2% % HMGA1 £
ik 5 TMB £ 1E A7 K, WK 4A. SR 1T, & L THYM 1

>
oov N

_m
m-
o
T
8¢

]
osnH  HEE
Ho I
oun Il
ddi
TNV

B
o9 [HHE

OHI

| ®

avn NN

osn | HEE

osaw [l
AO +

avvd  HEE

9d0d

[eNe]
I O
o>
— O

(1=

W WO
— om
Qow
> >0

o]

UECEET ENEE E N

i

HNE HHENEEEEEEE BN = Em

OdIM

=

e

:

20V
L volg
NI
TNV
991
OHIN
avn

W
@

OHO
& avoo

;

voud
0830
0d1a
vOSs3

Ngo
OSNH
asnd

=
m
[
)

1

2
a

I

2

B

.

g-u
93
® O

Py
m
>
O

fifRi s HMGA %3k 5 TME Z [Al Y54 & ; BHMGAT £ ik

HMGA1 ik 5 TMB 2 A0 5 sb ok, AT 5T 45
IR, T2 TR B e AE 257 v, HMGAL R385
MSI Z [6] £ 7 A 67, BRCA . COAD. HNSC. LIHC
FISTAD H HMGA1 % 15 5 MSI & 1E A 2%, 1 LGG I
READ WIZH 1 ARG, ULIEI 4B,

2.7 KEGGi&¥% o4 KEGG//HriE~ T HMGAL
Z 54 A ¥ - g R T2 AR AR | e
T I | AN DL R TR e

2.8 HMGAI 58 E % 42 KT HMGAI
FiR 5 252 B KA R B (ICs,) [ Z RN R &R
5% 2% W1, HMGAL J} 5 5 TGX221 . CCT007093 4
25 ICs, (22 IE ARG, FRITHMGAL 5 ] FEAIR 2y
VI EURE ; FHIZ, HMGAL ) s 83k 000 1 ith 268
Je I DR AR TR (AICAR), VX-
1le, B[ va i H i iR £ (Obatoclax Mesylate) F155 P il
7 (Gemcitabine) 25254 ul/ N> BURE , ULIAL S,

1
I 0.5
I -0

0.4

B
ouvs [HIl

ANOMS

. o .. StromalScore

. ImmuneScore
B EsTIMATEScore

0.2

0
-0.2

avyd HE -

avad |

-04

. B.cells.naive

B.cells.memory
. Plasma.cells
B Tceiis.cos
T.cells.CD4.naive
. T.cells.CD4.memory.resting
. T.cells.CD4.memory.activated
. T.cells.follicular.helper
. T.cells.regulatory..Tregs.
. T.cells.gamma.delta
. NK_cells.resting
. NK .cells.activated
. Monocytes
. Macrophages.MO

Macrophages.M1
- Macrophages.M2
. Dendritic.cells.resting
Dendritic.cells.activated
. Mast.cells.resting

Mast.cells.activated

! ¢

Eosinophils
Neutrophils

woxs [
avis

Eed
H4ccc

2888

=0

1991
VOHL

[
>
A
(9

S5

SR IR A G PE . *P<0.05, *#P<0.01, ***P<(.001,

El2 HMGAI1XRIES TME = & 4058518 < BB X1

3 itig

HMGA1 & —Fh IR s QL 45 i s L 78
IR TS R SR T 5 DNA S5 & 7 T A&
i 45 2 IR N A SOk T8 2 5 T b

R MEER T R R G0 T HMGAL 7E7Z
P 0 IR K WS RSO0, S5 E77 BUAR DG B | g iR
e S 25 P BURRE , X AR Rz s Wi i it —
R BIRIEST LS



PR B B e il 415 521 2026423 A J Mod Lab Med, Vol. 41, No. 2, Mar. 2026 171

35% |
A e Mutation © StructuralVariant ~ © Amplification  © Deep Deletion

Alleration Frequency

1.5%
1%
0.5%

Structural variantdata <+ + + + + + + + + + ¢+ + + ¢ F + + F + + FF
Mutationdata + 4+ + + + + + * + + + + + + ot F S
CNAdala + 4+ + + + + + +* 4+ + + + + O E Y

Y ) '56;,0 Py A A G £ G
% b B S 0 By % s
G, 73 5 & % 3 % % %'%%

7
s
&
J’;’:@";ﬁ
o
)
0;,,9
Sl
S,
»
O
j;«ﬁ”’
%

&
&
o,
@&dﬁb N
¢’§‘ b-@‘;:@
& : &
P
e
@09@@
PN
#‘i; 9§§
W
QA
o
&P #
#gf >
&P
@ O'J
;«;;
@"‘f;"&\
s
PN
ﬁ;f’ﬁ
s

ks
9, 4’6,/% 1;1&- % 1{;&/ v, * g % 1%;,/ % Y Gy
Wi Vi MR R VIVRRRNG R Y BN
K 7, A CA e %
o %y ] -v% %

HMGAY Sl UL L UL RO ERRERREEE

Genetic Alteration # Inframe Mutation (unknown significance) ~ ® Missense Mutation (unknown significance) Splice Mutation (unknown significance) @ Truncating Mutation (unknown significance)

| Structural Variant (unknown significance) I Amplification I Deep Deletion No alterations Not profiled

C
s © Missense © Truncating € Inframe © Splice € Fusion
£
-4
L3 RSSW
. . . . . L . .
’ S EBEeSSD O EeEeEeEeEZEéZ o OooOoOo==:
o 10722
11 : AHMGA1 AR B ; B.HMGA AR 58 AR Fh 2 (9 AR ; CHMGA T BRI SUE ARG 9 58 AR A0 a5
3 HMGAl MEEEZRASH
A BLCA ACC™ yvm B BLCA ACC uvm
BRCA™"* ucs BRCA* ucs
CESC ~ 08— - UCEC CESC ) 04— UCEC

CHOL \ A { THYM*** CHOL THYM
0.2\ 046/ /
\ /

THCA COAD™*

DLBC" TeeT DLBC TecT
ESCA | sTAD™ ESCA | STAD™
GBM | skem [ Y — ' { o skem

{ | {

HNSC™ | sARC HNSC' | | sarc
KICH READ KICH READ"
KIRC PRAD™™ KIRC PRAD
KIRP A ) PCPG KIRP | S PCPG
LAML A PAAD™ LAML . | PAAD
LeG™ ov Lee* ov
LIHC | apq usc-MESO UHC™ | a0 Lusc MESO

¥ : AHMGA1 355 TMB B ; BHMGAL 31k 5 MST YA
B4 HMGA1 Rix5 TMB = MSI fIX &



172 PR 36 152 27 2 55

Al 2 202643 A J Mod Lab Med, Vol. 41, No. 2, Mar. 2026

Correlation between GDSC drug sensitivity and mRNA expression
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