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Abstract: The incidence of intrahepatic cholangiocarcinoma (ICC) continues to rise, and there are no effective
drugs to treat it. The immune microenvironment plays an important role in the development of ICC and is currently
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a research hotspot. Icaritin (ICA) is an innovative traditional Chinese medicine for the treatment of advanced
hepatocellular carcinoma. It is considered to have potential immunoregulatory and anti-tumor effects, which is
potentially consistent with the understanding of "Fuzheng" in the treatment of tumor in traditional Chinese
medicine. However, whether ICA can be used to treat ICC has not been reported. Therefore, in this study, sgp19/
kRas, an in situ ICC mouse model with intact immune system, was selected to evaluate the efficacy of ICA in the
treatment of ICC in vivo for the first time, and the effects of ICA on the tumor immune microenvironment of ICC
mice were analyzed by flow cytometry. This experiment was approved by the Experimental Animal Ethics
Committee of Capital Medical University (approval number: AEEI-2023-138). In this study, sgpl19/kRas ICC
mouse model was treated with oral gavage of 100 mg-kg"' ICA. We found that ICA significantly inhibited tumor
growth and tumor cell proliferation in the sgpl9/kRas ICC mouse model after 3 weeks of treatment. Flow
cytometry analysis indicated that ICA treatment markedly reduced the proportion of M2 macrophages and
increased the number of CD3'CD4" T cells. In vitro experiments demonstrated that ICA promoted macrophage
polarization towards the M1 phenotype while inhibiting polarization towards the M2 phenotype. Furthermore,
transcriptomic analysis suggested that ICA enhanced Toll-like receptor 9 (TLR9) expression, influencing
macrophage nitric oxide metabolism synthesis pathways and receptor-related activities, thereby regulating
macrophage polarization. In summary, this study demonstrates that ICA treatment significantly delays tumor
progression in sgpl9/kRas ICC mouse models. Mechanistically, ICA may achieve its anti-ICC effects by
upregulating TLR9 receptor expression levels, promoting macrophage polarization towards the M1 phenotype, and
altering the tumor immune microenvironment.

Key words: intrahepatic cholangiocarcinoma; icaritin; immune microenvironment; macrophage polarization;

Toll-like receptor 9

Jit 9 BH % J% (intrahepatic cholangiocarcinoma,
ICC) & ¥ ¥k T JIF 40 M & (hepatocellular carcinoma,
HCC) 155 = KR M -, 30 4 ok £ 3R B R 28 45
ZRZETE, H A A ROR T 4N 1CC a2 — PR
T JEE W e F) JFF U JEU IR, 55 HCC AR L, ICC RATHE
o ) e e L B R (AR 2R A v AT TR 4 1 R B B
IR S 7 S5 R 1, TR I 22 B0 B R S I AR R
12 28 B Ab e # T 2k 265 T RARE ML, 5 4F A2 A7 24X
N 15%~40%",

PEF# (epimedium) X A AL R i, (R AL )
FI i, BN FE R A R DR T
FZK (icaritin, ICA) & MH 2GR R P IEEL. 4 F 15 2
(T =F 8 H Kl =, FoH T s 4 B e h e . 2
T2 BRI 5T 2 W, ICA A H 25 (2 B 8818 52 A R AR
FH&E 12 BB IT RE 77, 10 W] 5200 22 Bl e 2% 40 B IR vE 1
I PR b AT A g —Fof i 1) B 2 15 7 LYE T Y T
KT ICABIT I RIFLEIIE AL, KZEHEHCC E,
X ICC B 2 b AUH BIGE 1 H IR T ICA
X ICC A it B R, BB = i ] HL B

Fith 8 % ZE A 5% (tumor microenvironment, TME)
SR MR IR A AR K B 7% 5 R 4 B T AL 1 A b
W EEYIHRFZR. £ TMEH, 25 %5 90 gl 48 55
IR 1) G B A0 0 1 7 B2 % 22 A, ) T e 4 B 1) AR
K= A — g W2 . i I8 A OC B R 48 B (tumor-asso-

ciated macrophages, TAMs) J& i fill 25 5% Hh 40 i i &2
) G 5 A i, LA v B T SR S e M, R 3 B
) o 2 R A B B EE A 2 — o R O B R
TAMs fe 1% 4% A~ [7] (0% 40 i 5 48 S5 AB0E , ek 5
R o FLR A DG R s Ak T 20 M1 AL B R 4 A
M2 BY 2 . M1 2R [ 2 o e S A 92 S
BRI, [ R 4 T IR 5, A2 3 4 SR S 5 1 M2 284
5P 3 A A ) A 4 L KT 1, [0 B i e 2 1 R oL
RN E S, LS A K A R, BT
HH R 2 Bk TR R T S VR TT MR AR, 25X TME
) 5 2 o8 A 30 4 SR PRI 8 34 R

DRI ik, B 1) TCC A4 P 1) Sk R T B 855 T e A 9B 9T
T VR CEREAR o AT TR B AN ICA J2 il i 1
T 98 e 2 S P 555 T kS B BT ICC AR FH AT B 55 .

MR5RE

SSIOENY AT DR A R B A ) I S 6~
8 JH e AR 18~20 g [ MEYE CSTBL/6T /N R o TESEES
SR, B4 0 FRAE AR s JE AR IR PRI v [R] B AT DAAS
S PR M SR DRI . AR (0 BT B R T 34
i {8 STER B ) ) B SRR A 48 B R AT, IR e AR R R
KLY B Gy et . (RSO0 R, R RS ks
Ji s A BB E R R K. SEIR AR g S
N AEEI-2023-138.



FUE A VR RS E R M AR AL VR 9T TH P IEE e 1) 25 28 Y R ML AR © 2229 -

AWYERF EFEER (B 118525-40-9) W H
R SE R AR BR A BR A R R 0 ks e
(polyvinyl pyrrolidone, PVP, 1% 5 : 81420-100G)- X &
fitg (1% 5 : C5138) M H 3 [® Sigma-Aldrich 24 ] ; LB A
P (B2 02-136) W B A6 50 B 2 AV H AR A IR 51 %
N ACK 2R (1552 2451173) EDTA (0.5 mol-L™)
(525 : R1021) ACK M 22 L (525 A1049201) T
1 2% [E Thermo Fisher Scientific A &); ZF1fiEHEH V
25: A21749-5G). I E XX BRI 1 (B85 EZ1178).
Hyaluronidase ( 5% 5 : EZ1176). W4 % & B (17 5 :
AT0453) It B A6 5 A v ifg g S R B A BR 2 75 Percoll
Y1 M7 B (B 5 : 17-0891-01) B [ 25 [H GE A 7 ;
Cyto-Last Buffer (%5 : 422501) I H 3% [& Biolegend 2
#]; Foxp3/#s 3 KT Yt e il B4 (55 00-5523-00)
I H 2 [# eBioscience 2 & ; FastPure Cell/Tissue Total
RNA Isolation Kit V2 (1% 5: RC112-01). 3557 ECL {t.
SRR & (175 B411-04/05) 4 H B 5% i M
W W B B4 A R A 7] ; Western blot — 3T #i BE Wi
(%251 P0023A-500 mL). Western blot — #1# Be i (1%
5: P0023D-500 mL) 4 H Rl = RAEVMEARGIRA
F]; T A PUE AT (585 PS108P). Western blot #71
AR ) 29 22 ph R GlRORE H BY) (1% 55 PS107).— 2P
1% PAGE B fig PR g i) 2 5 F & (TR %52 PG213) I H |
U MWl A2 ) R 25 BL £ \]; RIPA R (1R 5
BN25012). BCA # [ ¥ & W & R 7l & (185
BN27109) J& [ 4k 350 5 A AE B A BR A Rl 2 mL
AR (175 : 430659-1). 50 mL & O (% 5
430829) 4 F 3£ [E Corning 2\ 7; Trizol (#2%5: 111003).
WATRE (P85 HK9945-100) 4 H Jb 5 ZE R 5L 8 A= Pt
REAERAF; THFREA /DR (K5
DP118-02). J& M ¥ & it K K 2 ik ) & (31 58 2Y)
(DP120) 1 B Jb s RARAAL B ABR A #] .

FENEE FACSymphonyTM ¥t =41 Py (3£
BD Biosciences 2 7 ); &Ll (36 [E Sigma 2 7); 1HE
W48 (32 [E Thermo Fisher A &l); 2 ) BEBEAR X (35
AIB A R AR, FEIR (s 2R RHECE TR A |);
=20 °CUKAH <4 °CUKHH \—80 *CHEBARIRUKAE (/R Ao

HAE A ICABCHI 50 FH 20 i 15 7% 2 DMSO % i
%100 mmol-L", J5 i/, ILHBLAEL .

A ICABCH] 1 15% PVP %, Ja i, if
0.22 pm JEM . FLH A% 100 mg kg W, 0 IR .
HEREB4 T02mL, I 25 &9K % N 10 mg-mL™"
TEEERE .

FRARIECH] ORI BN 10% 75 (DL BRAR
20 g A, FURLIA AR 2 mL A2 B £ K ) ik R

R sgpl9 (10 pg), kRas (25 ng), SB (5 pg). LA 6~
8 JE W HEPE FVB/N /INER o 1 5T KE sgp19 . kRas SB i i
WRE, IRA MR IR AT 0.22 pm JE IS 38, 7£
5~10 s PR E N/ BRI

DHRERT W TERAMGIT A, L R
BENL 7 a2 8 W, TA) K@ Ab BB /0N B, 5 /N BRPJRE TEZ 1
e ot e a), fiioRg B N 2~3 g I AR BE /N BRAE N T 24
AU, AR AR 2. BhE P IR 25, ICAH &N
100 mg kg, FFRLZ) 1, BFHET 6 RIAIHK 1 R, iE
B2n 253 1

MRV O NS M R A D T S N o R
AU FN ICA VR IT 4H .

NEBEERIEEEME (bone marrow-derived
macrophages, BMDM) RY3Z BY HUMEE C57 /N BR, it
AL HE JS IR AL T5% LBE, 123 2~3 min. £ F
TAE G, FIVH 25 08 T8 FF /N BROR BB Ab i f2 &, VR
KB BY A 0GB A2 B Se B R RR, i B AR T 2
ik, AR & L. B H| 4 1) DMEM
IR FEAN 5 mL VA S 48, WL 1% R B 0 O AR A sk
F R BR AN /N BB A i 6k 1, £ 50 mL B0 e 3~
4%, B BRI Rz AR Ti% . BRERIERE
W3t 2 D LA B R, MR IR ST . A 25 ng-mL /)
B B2 7% 3 A 7 (macrophage colony stimulating factor,
M-CSF), °] L A0 4t i A K, 5 78 B A8 i 46 b 3 7%
FEH 3 R, 6 FLIREEANFLAMIN 1 mL BC il 4 () & M-CSF
') DMEM #5 72 F 4k 2L 55 77 . MM RE 72 256 5 RIS, 7]
DATE B LSS MDIRAS, KR T 2 FE & ik it B
AT JE B SE .

HREIETT  M4-2a SK AT AHEEAHIE  RAW264.7,
/N BMDM 7£ DMEM % 77 5 rf 55 7%, 40 fitd 55 97 46 1)
FAMFRE N 37 °CIE R, CO,IKEE N 5%.

YHRRLR TS UG EESE A4S, e B, ER4
B2 T R R (R30S 24 h FRINNAR RO BE (PR R R

KA EER AN XN (quantitative real-
time polymerase chain reaction, real-time PCR) 45l
E Wk 4R B AR AL AR SR BB 7K S KAt it A A S R R
RNA, JEI 2 S RNA KRS . BT pg & RNA, [ 5%k
cDNA, #% B e Wl @ B P R e, XA
SYBR Green 4eH%3E4T RT-gPCR, & [ N AKFR A 20 pL.
SVLZ A 95 °CTRAETE 30 s, 95 °CA2 £ 10 .60 °CiE K
30 s.72 °CHEA 30 s, FLHEAT 40 KA. WE3INE
L, LR EE 3. UL GAPDH N |, 51 Y7 51
WE1.

E Wk 4 A FR AL R 15 7R EAVUTER. RAW264.7 411 i)
FEFRT 6 FLAR R, $EFh % B2 A2 T 1<10°, W EE 5



- 2230 - 22224 Acta Pharmaceutica Sinica 2024, 59(8): 2227-2236

Table 1 Primer sequences used in this study

Gene Primer sequence
INF-a Forword 5-CTCTTCTGTCTACTGAACTTCGG-3'
Reverse 5'-AAGATGATCTGAGTGTGAGGGT-3'

VEGFa Forword 5'-GACCTCTCACCGGAAAGACC-3'
Reverse 5'-TCCTCTTCCTTCATGTCAGGC-3'
ARG Forword 5'-CTCCAAGCCAAAGTCCTTAGAG-3'
Reverse 5'-AGGAGCTGTCATTAGGGACATC-3'
Cel22 Forword 5'-CCCTATGGTGCCAATGTGGA-3'
Reverse 5'-GCAAGGCTCTTGCTGGAATG-3'
CD206 Forword 5'-TTTGGAGGCTGATTACGAGCA-3'

Reverse 5-TGGTTCACCGTAAGCCCAAT-3'
IL-13 Forword 5-ATGAGTCTGCAGTATCCCG-3'
Reverse 5'-CCGTGGCAGACAGGAGTGTT-3'

TGEp1 Forword 5'-GTCCAAACTAAGGCTCGCCA-3'
Reverse 5'-ATAGATGGCGTTGTTGCGGT-3'

Fizzl Forword 5'-GAGACCATAGAGATTATCGTGGA-3'
Reverse 5'-CACACCCAGTAGCAGTCATC-3'

TLR9 Forword 5'-ATGGTTCTCCGTCGAAGGACT-3'
Reverse 5'-GAGGCTTCAGCTCACAGGG-3'

GAPDH Forword 5'-GGCATTGCTCTCAATGACAA-3'

Reverse 5'-ATGTAGGCCATGAGGTCCAC-3'
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Figure 1 Icaritin (ICA) significantly inhibits tumor growth in sgpl19/kRas mice. A: Study design; B: Liver weight of vehicle and ICA-
treated sgp19/kRas mice; C: Representative images of tumor morphology in vehicle and ICA-treated sgp19/kRas mice; D: Gross images and

H&E, CK19 (magnification x400; scale bar = 50 pm), Ki67 (magnification x400; scale bar = 50 um) staining of livers from vehicle and

. . — .
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Figure 2 Effect of ICA on macrophage polarization in the sgp19/kRas model. A: Cell suspensions from spleen of tumor free mice, sgp19/
kRas tumor-bearing mice treated by ICA or vehicle were stained for CD86 and CD206 and analyzed by flow cytometry; B: Quantification of
the M1 macrophage populations; C: Quantification of the M2 macrophage populations; D: Quantification of CD3'CD4" T cells. NS: Normal
spleen; TS: Tumor spleen; ICA: ICA treated spleen. n=3,x +s. "P <0.05, "P<0.01
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Figure 3 Immunofluorescence staining of M1-like and M2-like macrophages in the liver/tumor tissues of sgpl19/kRas mice treated with

vehicle or ICA. F4/80°CD80" M1-like macrophages (A) and F4/80'CD206" M2-like macrophages (B) were stained and quantified by Image

J. Magnification x400; scale bar=50 pm. n=3,x+ 5. "P<0.05
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Figure 4 Effects of ICA on macrophage polarization in vitro. Western blot of polarization level in BMDM cells (A) and RAW264.7 cells
(B). iNOS: Inducible nitric oxide synthase, as a marker of M 1-like macrophage polarization. ARG1: Arginase-1, as a marker of M2-like mac-
rophage polarization. Macrophages were stimulated with 200 ng-mL™" LPS or 20 ng-mL" TL-4, and then treated with ICA to evaluate the reg-
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Figure 7 ICA-driven M1 macrophage polarization inhibits ICC cell proliferation. Crystal violet staining and quantification of M4-2a (A)
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component (PCA) diagram; B: Gene ontology (GO) enrichment analysis of predicted target genes of ICA regulating macrophage polariza-
tion in LPSICA vs LPS; C: Clustering of LPS and LPSICA differential genes; D: Volcano plot of differential genes in LPSICA vs LPS.
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