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Abstract

Objective: To investigate the expression pattern and clinical significance of hyaluronan-mediated
motility receptor (HMMR) in hepatocellular carcinoma (HCC), and to evaluate its association with
patient prognosis and immune cell infiltration. Methods: Transcriptome profiles and correspond-
ing clinical information of 374 HCC cases were obtained from The Cancer Genome Atlas (TCGA) da-
tabase. Differential expression analysis was conducted to compare HMMR levels between tumor
and normal tissues. Kaplan-Meier analysis and Cox proportional hazards models were used to as-
sess the impact of HMMR on overall survival (0S). Logistic regression was performed to explore the
correlation between HMMR expression and clinicopathological characteristics. Single-sample gene
set enrichment analysis (ssGSEA) was applied to quantify the infiltration levels of 24 immune cell
subsets and evaluate their relationship with HMMR expression. Results: HMMR expression was sig-
nificantly upregulated in HCC tissues compared with normal counterparts. High HMMR expression
was strongly associated with advanced T stage and clinical stage. Patients with elevated HMMR lev-
els exhibited significantly shorter OS, and multivariate Cox analysis identified HMMR upregulation
as an independent predictor of poor prognosis. Furthermore, HMMR expression showed significant
correlations with multiple immune cell types, displaying positive associations with Th2 cells and
activated dendritic cells (aDC), and negative associations with CD8+ T cells, plasmacytoid dendritic
cells (pDC), and cytotoxic cells. Conclusion: HMMR is highly expressed in HCC and is associated with
unfavorable prognosis, serving as a potential biomarker for survival prediction. Its close relation-
ship with immune infiltration suggests a role in regulating the immune microenvironment and con-
tributing to immune evasion, providing a potential target for future immunotherapeutic interven-
tions.
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1. 5|8

JH-4H i J& (Hepatocellular carcinoma, HCC)J& 43Kk i i LA IR 2 —, RIW ML Fe28E B TF,
e~ SE AR . R4 GLOBOCAN 2020 St it #idis, HCC A7 B 4RSS /N KW WHAE, I Oy e AR 5%
TR = R EBEE[ 1], REEFERFAR. REEIT BAEIT KRBTSR R[], HE2HEE
FEMIZIT AT e, AR RN AR . A ] SR AT SE RS W S TS bR A, DS L A R A A
AIRTT, R4 ET HCC MR E A2 —,

% W 5 R/ 5 132 B M 52 14 (Hyaluronan-mediated motility receptor, HMMR), X # RHAMM 5§ CD168,
M54 E . TRAMEREMZIaRED, SMEMRs 22 REEVIMEC3]. BAH
Fiden, HMMR 7E 2 M 2 B3 w3k, SiEAME. fivlivE. SEWE. 5. BE
RIS [4]-[9]0 o mRIA 5 MR 4= 28 M3 i Al B3 TS A R DA OC . IR AR A 7R 4878 HMMR 7
HCC FHIRIAT e BB EINIRE X, w5t . TG &R e bn A 28[10].

TR, RPEBIT IR HCC Ak TR IT 77 Mo M e 3 5% (Tumor immune microenvi-
ronment, TIME)7E V& & f& FIVATT I S R FERZCAEF, JCH R RBERIERHE, 41 T 4. NK 4 AR
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SORM PR IERE , 5 HCC Wis SIS 1] SR1, H AT GE% [E] I S me b AL M 2R e . T
Ja AN AE S S 235218 7K (R AT S AE Wb £

R, AHFFFIH TCGA Bl 1) KA R R A B s, RS0 8T HMMR £ HCC A RIEZ 7
H5EEAFERARER, RIS MR GRS B, BB EH A kKRG R &%
ST, B HMMR 76 HCC W E A2, AR TilJE & iadr M e bs &4
PR
2. ZIRNEFE
2.1. BIEFEFESTAE

AW FM The Cancer Genome Atlas (TCGA)EUHE 2 T %k 374 5] HCC f3 1) RNA I /7 £ A AH i
RAER, GFEER. MR, TNM 3. AEIRE ABEVI %5 . HER B eBIG RAS E R e, &
I 373 B3 T )5 82 Cox BT FE KR IEBHE SR rEALALEE, DU IR FRAS 8] i AT Ee bk o

2.2. ERRIETH

KH R3.6.3 #4753 047 o A8 Wilcoxon FRAIASLE L HMMR 7E JEECT R A A 5 15 8 FE A 2 (1]
ML Z 5, [ Wilcoxon 5 R AG 56 LA FE AT BEA I FRIA 22 577 221 ROC #h & PF4f HMMR X} HCC
P, it E L T ImA(AUC).

2.3. £EFSHT

KH Kaplan-Meier /77£ LB HMMR &R IEH 51K R IEHR 2 A G (Overall survival, OS)ZE 57, I
3T log-rank M IR PEAE ST # B M. HE HMMR 235 A 80k S840 a2k ARk 4 .

2.4. Cox B35

FIH BRI 2 K 2 R Cox LB XEHLAL Il HMMR £iA5 OS MK R . IEIRAE R R AFEFER .
A T 2 N7 M 1 R R 7 9155 . 7 Bk R (9 “survival” A1 “rms” ASEEL. A b (Hazard
Ratio, HR) JZ H: 95% B 5 X [8] (CD) HI T Al UG 52 FE
25 RERESH

M.F ssGSEA (single-sample Gene Set Enrichment Analysis) &5 THE 24 Fh G 40 1R 5, L3S
CD8+ T 4. NK 4. WICRANM. Th17 4. Tth 4000 & R4 a5 12]. BEFEERETORE
() S e BRSO PE . R A Spearman AH 2K 3 H 1l HMMR 335 55 5 2 20 M 2 Vi 7K P R A DG
2.6. GeitFEaEE

G AT R 3.6.3 SERk. AL RS R, 228 R Logistic . 175
HER A logrrank K. FPAT SRR, p fH(p) < 0.05 LA BAT S50 X

3. 58
3.1. HMMR 7E HCC sy FIAHFE

LGN 374 B HCC KA, Hrhrh Ai4E# A 64 % (IQR: 52~69). HHE HMMR £ik h Ak & 0N
RIS H(n=187)5IKEKIA M (n=187), FEAMAIIGAMELREN % 1. 5IE% 424, HMMR 768241
AP EE B 1), ERXFEAF, R4 4H HMMR mRNA FRiE78H 838 5 (4 1(b)). ROC g
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E7%, HMMR F T IX % HCC HZR 5 IE# HLH AUC 4 0.968 (95% CI: 0.951~0.986), A5 w12 Wi
P 1(c)). AP, HMMR RIS T 81, N 40 K R 40 #0528 AR SSME () 1(d)~(D))o

Table 1. Demographic and clinical characteristics of hepatocellular carcinoma (HCC) patients with low and high expression
of HMMR in the TCGA dataset (n = 374)

% 1. TCGA HEFRIEMEFIE HMMR B HCC BE A OG5 FIERIFIE®n = 374)

Characteristic

Low expression of HMMR

High expression of HMMR

p
n 187 187
T stage, n (%) <0.001
T1 111 (29.9%) 72 (19.4%)
T2 35 (9.4%) 60 (16.2%)
T3 34 (9.2%) 46 (12.4%)
T4 4 (1.1%) 9 (2.4%)
N stage, n (%) 0.623
NO 123 (47.7%) 131 (50.8%)
N1 1 (0.4%) 3 (1.2%)
M stage, n (%) 0.361
MO 130 (47.8%) 138 (50.7%)
Ml 3 (1.1%) 1 (0.4%)
Age, median (IQR) 64 (52, 69) 59.5 (51, 68) 0.125
(a) (b) (c)
6 - . 10 ‘rre
xr 51 x 0.8 4
s = 44 —~
= = x
I 44 I o
53 ST E 06'[
c= == 34 >
S 3+ o = |
2% 8o B 041
68 5 a8 21 S
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Figure 1. Expression of HMMR in HCC and ROC analysis
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3.2. HMMR RiA 5% F4ERK

Kaplan-Meier A7 fiZ8 B7R, =K1 HMMR 835 OS B4 5 (p <0.001) (4 2). HLHZE Cox 73 #ir
R, PRPIRES . ImALEEFE . IR 20 1 X HMMR RIAYAR M OS (MR E R & . £ K%K Cox FIHHE—P
PR, HMMR RIA& B G R W1 i B A # s (A RV R 2= (14 3).

104 % HMMR 1.0 4 HMMR 1.0 4 HMMR
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Figure 2. Kaplan-Meier curve of HMMR expression and OS
2. HMMR XK F5 HCC B & B A% Kaplan-Meier fiZk
0 20 40 60 80 100
Points T T VT T YT |
™ Characteristics  Total(N) HR(95% Cl) Univariate analysis P value
T stage 4 1 TaaT4 T stage 370 2.126 (1.481-3.052) T —e— <0.001
N1 1
N stage RN RN RS BOLY N stage 258 2.029 (0.497-8.281) ——a————> 0.324
1
" No M1 M stage 272 4.077 (1.281-12.973) | —————e» 0017
stage Mo ol Gender 373 0.793 (0.557-1.130) ol 0.2
HMMR ! i Histologic grade 368 1.188 (0.721-1.958) _— 0.499
Total Point Low Pathologic stage 349 2.090 (1.429-3.055) | ——s <0.001
otal Points
0 20 80 | 120 | 160 . 200 BMI 336 0.798 (0.550-1.158) ol 0.235
Linear Predictor AR PO P/ NS A AN AFP(ng/ml) 279 1.075 (0.658-1.759) — 0.772
1-year Survival Probability ) i . B Albumin(g/dl) 299 0.897 (0.549-1.464) v 0.662
0.9 08 07 06 05 04 Child-Pugh grade 240 1,643 (0.811-3.330) —— 0.168
2-year Survival Probability T T — T Vascular invasion 317 1.344 (0.887-2.035) ro— 0.163
08 07 06 05 04 03 02 |
3-year Survival Probability ' : : ' HMMR 373 2.016 (1.417-2.868) [ <0.001
038 06 0.4 02 HE
(a) (b)

Figure 3. Multivariate Cox analysis nomogram of HMMR and other clinical features

3. HMMR 5 E AR RIFER ZE R Cox 2HFILE

3.3. HMMR 5% & 2ENXH

BEAE I TR B, iy 952 i AR LT L (TTL s ) 2 25 ol 208 P e 8w iy i O EL 5 RS B BB 3 A A7 M S 1 5 TR
F[11]e HET U, ABFFUHE—DERTT HMMR 78 240 i b 020048 7K1 5 S e IR 2 1R () e Bk . RATD
M T TCGA ¥R 274 BT 240 M0 AE AR ) RNA-seq %03, 45 HMMR RiE BTG FE0, Kk
FH O NEBRISHAMCRIEH . FIH ssGSEA J7 15Vl 24 P 4 riRE s O . 2 3H 187 il mRik
FEA K 187 KRR IBAEARFF G INbRHE . B AL R WA 4(a). Bl 4(b)FT7R, HMMR mRik 5 2 F e
MR AT A S, B R M RE R SR I (pDC) . NK 40 AdBhit: T 40, JEyshsht: T 4
(TFH). yoT 4HHE(Tgd). Th17 4. Th2 Zif. SFPERAIM. AR KANAE. MEISIRANM . 20 i 25 1 20 e A

CDS8+ T 4ij.
K B ORBRAN T B2 R B A T (% 2) R, HMMR mRNA #iA/KF 5 Th2 400, HHBhIE T 400 K
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T TR GE M (aDC)IR I B 25 1IEA ¢ SAEKR4HM. AR E40 i f pDC IR 222 7t
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Figure 4. Correlation analysis between HMMR and immune infiltration
[ 4. HMMR Ri& 5 S & 2R ARIRHEK AR X 247
Table 2. Correlation analysis of HMMR expression with multiple immune cells
# 2. HMMR Ri& 5 SR R AR X % 5
2 AH % R $(Pearson) P {E(Pearson) A8 K &4 (Spearman) P {f(Spearman)
aDC 0.171 <0.001 0.168 0.001
B cells —0.054 0.298 —0.067 0.198
CD8 T cells —0.278 <0.001 —0.274 <0.001
Cytotoxic cells —0.286 <0.001 —0.294 <0.001
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Bk

DC —0.260 <0.001 —0.272 <0.001
Eosinophils —0.087 0.093 —0.083 0.111
iDC —-0.113 0.029 —0.115 0.026
Macrophages 0.031 0.546 0.008 0.880
Mast cells —0.206 <0.001 —0.195 <0.001
Neutrophils —-0.223 <0.001 —0.227 <0.001
NK CD56bright cells 0.013 0.805 0.018 0.728
NK CD56dim cells —0.092 0.074 —0.116 0.025
NK cells —-0.195 <0.001 —0.191 <0.001
pDC —0.298 <0.001 -0.272 <0.001
T cells —0.041 0.424 —0.066 0.201
T helper cells 0.339 <0.001 0.309 <0.001
Tem 0.116 0.025 0.101 0.051
Tem —0.082 0.112 —0.081 0.117
TFH 0.121 0.019 0.110 0.034
Ted —0.068 0.187 —-0.109 0.035
Th1 cells 0.021 0.686 0.016 0.751
Th17 cells —0.061 0.238 —0.085 0.099
Th2 cells 0.691 <0.001 0.689 <0.001
TReg —0.018 0.728 —0.007 0.887

4. i4ig

HCC BA BEMNAEY R Birt, Hb. 1697 OV S PG 3552 21 2 DR 3500, 0 55 b es 40 i A £ 11
I3 THRE LSRR I, U3 S IR IR IE RS . AR R0 T HMMR £ HCC H[1)3R1k &
HmPRE S R HMMR fEHR A A B s 308, 75 T 20, AR 40 95603 BRARRAGE = BEAH OG o 14
REEEAAE LR AR . 5 M 2 TR T 7T — 8, R B HMMR 0] RE 2 55 22 i e (1 40 Bl 5
2. T# KRR [4]-[9].

AW HE—PHIESE HMMR 25201 HCC B A BN 3R . 53858 HMMR I8 AR A7 I 8] 2%
ik, Z N Cox BIHAHER HOWMSI WG iR R . X378 HMMR AI{EN HCC B3 K 73 J2 1 a SE A Vb
BV HMMR FEG R 2E . Gyt ik oy 59 S 240 A J 1 42 o 110 B 24 P T s (i vy o e 1 G BT L
filz—. B4, HMMR fEZ RS SAMER . LR - BT IGEMT) RAZ 286 1 2 DI ¢, X
SR MRS T 40 1GR3 A SR IS AH — 2.

AHFFEI 55— B ER I Z HMMR 5 Gz i 2 (8] 3 196 R o % R B8 DA UE BIAE HCC IR AR
R B Fa B Ia T I SN R AR o AT EE ], HMMR =315 5 Th2 408, aDC 45 %% WAF 1)
RIEZIEAE, M5 CD8+ T 4l A4 & pDC = 2 G, BEAETT 48 H, Th2 Bk
IS0 5 G REAM B SO SR AR A7 2R R R SR (13]-[15], X 5 IATBTFLEE /A —F. CD8+ T 4H/fIA 2+
PR S IR G 0, T HMMR ey 1K W] RE I Ik 400 2050 7 14 28 4 L ) IR 1 2 5 Py e il iR A
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M REE AL A EERF, HMMR AMUEA TR AR SP9E T, I8 w] BEON B RIa TRl CAT W
FERY, LN HMMR W] B8 G B AT TR BE Vg, JF T3 9l R o A7 250 A AU et
A HMMR A SSAE 4% G pe R A AR, L5 B AGr 8 s 4f) 1UFROIBG 75 I FH I PT BE A R R
iR

IR, ARFFRMAEAE—E RRIE. B, Fra8dEkE TCGA AHERE, Bh= s s s iE
BAF, R 22 O I R BRI AT S E . HLK, AW TS Er 0, SR A S sh s
SENLHIIAE, PR T X HMMR AP 2 DI RERIR AN B . EAh, S iR I 7 W O A HEWT, T BE 2 114
FiE e 7 RIRE AR 372 o 1 5200

GiEpTE, REMAEEAL, ATERZE Y] T HMMR FRIEAE HCC A I AR R SRS e it
LRV DNRR, K HMMR {E8 HCC Wi fE W TS [ by T4t S 32t 1 B ik ds .

5. &hig

AHFFEIEI AT TCGA Hd e (1) KU A, BA#H T HMMR 78 HCC 441 B34 m 3Rk, 5 HEmM
MR PR 20 . B 22 M SR A A7 3 DA 55 . HMMR RIA 2 HCC MO A R FiE R . th4h, HMMR 5%
P G e 20 IR 2 A OG, SR T RES 5 R S A SR I 4% . HMMR A3 #24E 28 HCC 2 Wi 57
JE AR ERD, 7T B RO AR K e 2 16 T I 70 1 B R

SE
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