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THE: & H1lIE (gemcitabine, GEM) i AR 7 /NI LM 00 FH 259 4R, F L IR SZAGIT 5 A8 I g it
I, IRIT BURAE, TR B R AT LA S ) R B, MR A SR (tumor microenvironment, TME) H A 5 6
MR IR (240 N SR AR, T 40 M RE R, A5 A R 1r) T G IR S, SECT MR R R . AT T P I B0 SR SRRV R
B R G TR A B S M . TEAR AR SEER IS T ok B R AT K BT SR BE (micro-particulate Ganoderma
lucidum spore B-glucan, PGSG) i 1 21 i (1) % 92 i 15 4 FH, [ HF @257 1 /NER T Lewis lung cancer (LLC) #5275, [
i PGSG It GEM 1bJ7 45 24 LA 881 LLC filideg (0 45 A i 240 AR 23 B /0 B3UA 8 5 JB AT P 4 B E T 40 -1 (helper
T cell-1, Thl) 540 fd 2 V£ Tk E 40 B (cytotoxic T lymphocyte, CTL) FJ EL 451, DL A il 5 14 310 1) 40 Bl (myeloid-derived
suppressor cells, MDSC) . if 8 #H ¢ E I 41 it (tumor-associated macrophages, TAM) 5175V T 41/ (regulatory cells,
Tregs) HIELBI. 45 E7R, PGSG _Eil T E WG4 CD40.CD86.CD80 A1 ZAH ZUAH 75 4 71 (major histocompatibility
antigens complex, MHC-11) fIZ 1A, 1458 Houf oo M 20 70 BE 7, 3800 900 R F IR, TEAR N SE3 R R I, 5 Al
HT7 A B, B 45 24 Re 6 W 6 28 % /) BB R e, 2 3 BRI MR 5 T MDSC (CD11b'Gr-1-PE") . M-MDSC
(CD11b"Ly6G Ly6C™ "), Tregs (CD4 Foxp3") 1M, (F4/80°CD206") 4il Jfii tb 4], [ i Th1 (CD4'TFN-y'T 41l 1) 5 CTL
(CDS'TFN-y' T 4ii i) W Z 38 1. IXHE7R PGSG REMS 98 G Be il PR B, 389 560 =5 o b v (00 470 A e 5 R
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antitumor activity of gemcitabin via remodeling immunosuppressive
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Abstract: Gemcitabine (GEM) is a commonly used drug in the clinical treatment of non-small cell lung cancer.
Due to the accumulation of cells mediating immune escape and T cell depletion after chemotherapy, tumor micro-
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environment (TME) tends to be immunosuppressive status, which ultimately leads to tumor metastasis. The experi-
mental protocol was approved by the Medical Laboratory Animal Ethics Committee of Jiangsu Provincial Academy
of Chinese Medicine. Therefore, we observed the immunomodulatory effects of micro-particulate Ganoderma
lucidum spore f-glucan (PGSG) on macrophages in vitro experiments. Next, mice subcutaneous Lewis lung cancer
models were established to observe the anti-tumor effects of PGSG through oral administration of PGSG combined
with GEM. Flow cytometry analysis was used to analyze the ratio of anti-tumor T cells in tumors and spleen, as
well as the proportion of myeloid-derived suppressor cells (MDSC), tumor-associated macrophages (TAM) and
regulatory cells (Tregs). The results showed that PGSG can up-regulate the expression of major histocompatibility
antigens (MHC-II), CD40, CD86 and CD80 on the surface of macrophages, enhance the ability to phagocytosis of
neutral red and further mediate the release of interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), interleukin-4
(IL-4) and interleukin-10 (IL-10). In vivo experiments, combined administration can significantly decrease the volume
and weight of tumors, reduce the ratio of MDSC (CD11b"Gr-17), M-MDSC (CD11b"Ly6G Ly6C"¢") and Treg
(CD4'Foxp3"). At the same time, PGSG promoted the conversion of M, (F4/80°CD206") to M1 (F4/80"MHC-IT")
and enhanced the response of helper T cell-1 (Th1) (CD4'TFN-y") and cytotoxic T lymphocyte (CTL) (CD8TFN-y"),
which is of great significance for killing tumors. These results suggest that PGSG can regulate innate and adaptive
antitumor immune responses, reshape the immunosuppressive microenvironment and enhance the anti-lung cancer
effect of GEM.
Key words: Ganoderma lucidum spore; -glucan; gemcitabine; tumor microenvironment; tumor immunology
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2 —, CEWIE I EAT e W is e . SR, 48 B
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i, B 52T PGSG FE AR A1 I G 5 R 1 & P, AR 8l Bh
GEM X} LLC i e A5 284 [y 97 4 F B FERE Ji A A Jik g
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MR 575E

mSRA  REM T (LIE R G TR fR i
BT PR A, BEESE>98%); PGSG (HI A S8 = $2H0);
cell activation cocktail (with brefeldin A).ELISA i 7] &
(IL-6+ TNF-a IL-12 IL-4 F1 IL-10). % Y $it {& fixable
viabilitiy dye-780 (FVD780). CD45-Percp. CD4-FITC.
CD8-APC . interferon-y (IFN-y)-PE.CD11b-FITC. Gr-1-
PE.CD25-APC.Foxp3-PE.F4/80-APC.CD206-PE-Cy7.
major histocompatibility antigens complex-I1I (MHC-II)-
FITC. CD40-PE. CD80-PE. CD86-FITC. CD11c-APC.
Ly6G-PE. Ly6C-Percp. PE-mouse-isotype-ctrl I FITC-
mouse-isotype-ctrl (Il & K Biolegend A #]); v 4§ H
W2 VO AR (L5 52 A% 24 W 4R B R 22 5] ); DMEM A
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SEAREFRHE (5 W) RPMI 1640 R 58 415 72 FE (5 W
$1)~2-mercaptoethanol (£ [E Sigma 2 &]); FEEE—& £ —
Ji VY L i AF IS (WU DY Z=95 A9 2 =), B 22 o
L % Wi (phosphate buffer saline, PBS) ({1 #5 2l & A4 #)
H AR A F]); Percoll (32 & GE Healthcare A 7); 41 fu K T
GM-CSF (granulocyte-macrophage colony stimulating
factor).IL-4 (3£ [E Pepro Tech /A Al); KW R ~ A =W
(fluorescein dichlorotriazine, DTAF, _I if (18 A4 ¥ 25 24
BHECABR A ).

{88 Hera cell 150 CO, %5 7% 48 (35 E Thermo 2
F]); 5430R ¥ ¥k B 0 ML (48 [E Eppendorf 2 7]); BD
FACS VERSE i 0 40 il 4% ( 3& [H BioLegend 2 #));
1X51 Olympus ‘& f 5% (H 4% Olympus 2 7]); 334 L+
M4 (SEM, S-3400N, H A H 3724 ).

S MAEKE Mt CSTBL/GT /N, 6~8 J,
o DUAR (b5 EME AR A R A A R4, VFAE S
SCXK (&%) 2019-0010, 717544 1 = 25 7% Bt s 56 v
ORI R, BARAFUL T34 Hh B2 29 0 7 Be 40 B 22 D = it
. Lewis lung cancer 40 HU Ak 6 [ o IR} 27 Bt 40 A /2
BNV SIARAFVL 548 Hh R 2B 72 B AR R 2 51 2 PRt

PGSGH#l& FRIMRZMTR40g BT HA
500 mL 1 mol-L"" NaOH FJ B & 52 i, 80 °CF 4+ [1]
WMAHEHL L he BRI R 25 °CJa, KRB 4% #% % 50 mL
BEO AR, AR5 LA 2 000 r-min” 850 30 min, % FiE
W KU E T K, B0, Wk Ek. HERE
BV pH T 2 6~8, SR 5 B VR OD IR DABR &
TE R 870, 40 °C R 4% H,O, 38 ¥ I\ ¥ W3k AT It £
KON E TGOS . RS, ¥ LR DT Y R 3 E
Prah, HAE 4 °CIR %A NREREH 5 L 28 1 /KEMN
1JE; iENT )G, Bt Sevage W57 (A A-1E T HE=4:1,
vv) ZEAY. BE, ¥ ERITEMERERE T EK
o, R R T

EBRBEZHE (LPS) A T EBRLPS KT, #EH
FRHCPGSG 10 mg, ¥ 3 AE % i N &% T 0.2 mol-L"
NaOH 1 20 min, #A J5 7EJC LPS FI/K h i B0K, e
HETPBSH, A EKRER 10 mgmL'. S AT
W7l A ik AT {843 LPS < 0.1 EU'mL™.

PGSG )13 R E 1R (SEM)  HUT )& PGSG
2 mg, £ R H A 4T LL10.0 KV NI B35 F1 1 000~
10 000 &% FY AR A 8 R 82 KE i, 3843 PGSG 1) SEM
SEELRS

PGSG B8 B T 4150 KB M E (FTIR)  #R
IV PGSG #F i JF 5 T8 10 KBr ¥y K VR A, WS35, $4%
HRELR AT R A, 75 400~4 000 cm™ 9% K0 [l P 12E 47
ZLAMATE I &

PGSG LiAE MM EFIHEFRIE B3R
I s g 40 ), 2Rk 1 24 FLARC, 2R )5 45 T PGSG
(100 pg-mL™), 24 h J& W E g 20 i ) _F 37, 40 i i)
WA 4 i T 9 20 i, 2 000 romin 2540 S min, 2k
i, BE I PBS B 150 uL, #E& Q. 7R
24H: O H#IEPifk CD45-Percp.F4/80-APC.CD40-PE
F1 CD86-FITC #1ic; @ H CD45-Percp. F4/80-APC.
CD8O-PE 1 MHC-II-FITC #7ic o [A] B %} HEE (isotype,
Iso): CD45-Percp. F4/80-APC. PE-mouse-Isotype-ctrl
F1 FITC-mouse-Isotype-ctrl, VK% 15 4k 4¢ €4 20 min,
B 10 min JR¥E— IR AT 0 et . et s s BN
PBS 2 mL, 2 000 rrmin” &> 5 min, 3 _E35, A 200 pL
PBS &4 /i, i 2048 f 4k i CD40.CD86.CD8O Al
MHC-II () H 47 5 58 . (MF1%).

PGSG 1858 E I 20 it 45 & 1 & & DTAF-PGSG
e 5 156 PGSG Fl DTAF bric, I3 9550 3k 2%
EHF M E RN, XF 85 R I E, BS mRA
M 5x10° B T 55 0, 45 F DTAF-PGSG &k A
20 pg-mL", & T ¥K _E 30 min, F4/80-APC f K kric B
W 241 e, 9 X 4 AR A I 41 45 & DTAF-PGSG
SORER 1

HUEAEH PN E B E RGN Sx10° MR T 24
LKL, FF45F DTAF-PGSG, 25 & 420 pg'mL,
F 37 CEFEF T REE 1 h, 2R 5 g i i U
K H 1 mL PBS 5 ¥ £ K LA BR 25 K B W () DTAF-
PGSG, I %A Gk F4/80-APC LA ic 5 2 i,
Uit A M A A N 15 4 i Wik DTAF-PGSG Y LE A

PGSG & B EMMAX P LA NEREESN HE
Wi £ = W 42 B T 96 AL H, 4 ol iR 3 A L LPS
A1 PGSG ¥ BE A FE 4, 43 73 24 25150100200 400
1800 pg-mL", B4 6 HFL, B T4 Muds 7748 h 55 7%
24 h, SRJF N 0.05% =1 PE 2078 100 pL, 41 i 55 77
6 7 i 7 30 min, 28 5 PBS ¥ESEUIK, IIN 100 uL 2
PR S, O A W 1 PP 2D R R, 7E 540 nm R
FE B A DU PR ' FEE 1 o

ELISA #&30 E 4R XS IL-6. TNF-a.. IL-4 F1TL-10
BIERAL B medium A1 PGSG (100 pg-mL™") 4 [ Wk 4
o 5% 7% 3, 2 000 r-min &0 5 min. % 8 ELISA &
7 &% 16 B 45 4 4F LAAS I TL-6 TNF-a. IL-4 A1 IL-10
IR JE o

LLCHR BB L HUfi ¢ SPF ¢ (1) 1 1 C57 /)
B, T A A B R T VEST Lewis i 40 i 131004y K, [t
HL43 4 PBS 4 .GEM 41 )2 PGSG Bt & GEM 41 (4] FR Bk
HM), 6 Ko T8 7 KA A ] fyl B g T RS 45
24, PBS /N AR HEE (ig) 45T PBS 0.2 mL, GEM 41
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LA HBERS 3 R JE RS ES (ip) 1/ GEM (60 mg-kg™),
[i) B A 4L /0N B R EE 1 800 pug-mL' PGSG 0.2 mL.
BB 3 RIRE | A E IR AR R R =M KRS
Fift. AT 4G, Mg KAAIA R 15 mm B 4858/
B, 750 B PR BRI 50 R R 2 MR 5 B, T iR gk AT
PR, $eBAR (1) TS MR AR (7, mm?).
V=LxW?2 (1)
Hodr, LA E AR (mm), W R EAE (mm).
T E AWM LLC 578 ) BR A E LE 4R Ki67 &
HRIE B RIEUR 0 R 2, R AE T AR R S
Mo, S EE, PR S, PUE B E, —P g A A
Pt SRR S, A RS, TR R g,
BEBE 2 40 A B AIHI & B BUBE, 7E 70 pm
K JE Je 0 W A AF B RPMI 1640 15 7% 3 & &
2 000 r'min™ &> 2 min, 3 _FiF, A 1 mL ] ACK &
RRZE 2130 s, JIN 5 mL f) RPMI 1640 58 4= 1% 77 3
B2, B0 FE B, 5 mL ) RPMI 1640 58 4 1% 7%
T, R 45 M R
P BRI & BUNR R, fER T
M A BT, R T 4.5 mL () RPMI 1640 15 753w, T
A 0.5mL 10 xR iH L, BT 37 CChlef% &R L&
40~60 min, 2 000 rrmin™ &0 2 min, fIAZS H 3 7= 5V
B2, FH S mL 30% Percoll &, 2212 N A 32 mL
60% ] Percoll #7, 2 000 r-min™' & 0> 20 min, W EX H [6]
2, FIAN5E4s RPMI 1640 15 3= 5L e Bk, BV 45 s
LY B
TR LLC forfE /)N FR BB 5 B EE o Treg,
M,/M, & MDSC B 53 B b JI I 48 i 1< 10° A1
Jie 96 R 40 2 9 200 pL BT s A, 2 000 romin B
L 5 min, & 137, F 150 uL PBS 5240, 437l b id 9%
It Pt #& CD45-Percp . CD4-FITC . F4/80-APC . Gr-1-PE.
MHC-II-FITC. CDI11b-APC. Ly6G-PE. Ly6C-Percp
Cy5.5 #4420 min, £FB% 10 min ¥4 1 7Kk EHEH PBS
2 mL, 2 000 rmin" 0> 5 min, 3 %, [H 7€, Perm Buffer
Tk 4 e s R 40 9 AZ B, 150 pl Perm Buffer 5 & 41 il
B\ CD206-PeCy7 F Foxp3-PE AT il Y FIA%Z e, Bty
30 min, & F% 10 min R % 1 ¥X; 200 pL Perm Buffer F
B U 2 4 A RS Wl CD4 Foxp3' « F4/80+MHC-IT'/
CD206".CD11b'Gr-1"#1 CD11b Ly6G Ly6C"e" {43 .
TR LLC 15778 /) R AE Al 5 B9 o Thi
SCTLBIS T 40 AL 3 A 40 B 1106 AN A8
YR B 200 pL, FEM 2S5 H RPMI 1640 58 4285 77 5
) 24 fLtRk b, 843 2468389 1 mL, [RIE I 2 uL cell
activation cocktail FIl G % 5% 4~6 ho WEEZH I T =0
& h, H 9% 6 PR FVD-780. CD45-Percp CD4-FITC .

CD8-APC.IFN-y-PE #ric,, B T VK i &b 44 4 20 min,
BERE 10 minR#8 VIR LA e 7 Ye iy, Gethgh o s BN
A PBS 2 mL, 2 000 r-min” & > 5 min, 7 E3E, MA
200 uL PBS =2 41 g, 7 41 H ORI CD4TFN-y" il
CDSTFN-y [ EL 31 .

S F AR R SPSS19.0 #3470 #r il i
LR & 7 % one-way ANOVA 43 # b 4% 22 41 18] (1) 18 A
gt FREMES, B KRR Nx+s, P<0.05
BN B G222 .

%R
1 PGSGHIFERIE
1.1 SEME%R HHmEEE R /R T PGSG Y
E&. WE AR, RS R Z /T NG5
1, BE 2R . Gt w4 iUE, RZ
HTBERLRE . £E 1 000~ 10 000 i K% % K, PGSG [H]
SEM {5 B 7 HA IR J0RE 58 45 L 1R i R % R T £ 1L,
HEZRAN2~6 um.
1.2 FTIR%#r  PGSG Hfd B 2L M4 itk & 1B
Bz o i BB I e I TR Wi & A2 £E 3 600~3 200 em™
12 926~2 853 cm™, 3 423.9 F12 924.40 cm™ 4k 41
AT 43 o R R R AR AR 2 A CH R R 201 78
1 648.7 F111 433.8 e Ab A3 EL 5 (1) I Wi e, thR Il %2
PE 20 AN SRR AE . 1 371.1 em™ Ab H W Wit & C-H
B2 fPRE SR . 1 255.9 F11 204.3 cm™ F I g i
JEH-COOH H C=0 [N FRZaIRAN 7 1. 7E1159.6.
1 083.6 F1 1 036.2 cm™ &b (1] & PGSG 1) D-Htt g b5 B4
XS BRI IR S, 7E 894.7 cm™ AL T LY B 2 AR Wi
Vg, XA 22 M R B A AL IR ARHAE R S ) PGSG (1) 894.7
1 159.6 #11 371.1em™ &b ()R e e 3 )& T B-1,3- 71 SR B
U, Kk, PGSG A f-1,3-D-H i
2 PGSG ¥t 5 iz B M 4R AE5E 14 B 22 0

ERAH MR R N A de) T PR . T
W 5% PGSG Xt 15 i & U5 e 441 A ol 2 L 35 1k S He Ty g
2R, B S A I T T AR 3R T ) B R R A
(K 2A), PGSG 1 1 B W& 40 i % 1 CD40. CD86.
CD80 1 MHC-1I ] 215, & W PGSG fig % (i 12F F 1k 48
JHO 1) Pl o T T T 1 o o 3 R A 2 — R IR TG
PR IR 38 55, 1 PGSG fg % B 52 38 i 55 15 05 40 i 1) 485 &
1EF (P 2B) 14 58 B 41 i % DTAF-PGSG ) 7 I
PER (B 2C), Hoxt i v 20 i) B W /R P LA R FE A 1
(E12D). B W4 A A2 2 R s RS AZ O H G 55 -
XA R G NRHCPUBR G5 — BB 2. H 0 B3I 3R
B 1 Th e S 18— o IR 7R A8 5% 2 78 50 (pathogen-
associated molecular patterns, PAMPs), 7E 5 £ = 11 51
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Figure 1
form infrared spectroscopy of PGSG (B)

%2k (pattern recognition receptor, PRR) 4% fill J5 fish /% 75
FRIERE . oK G TE R SR IR 5] PAMPs [f] PRR
Sk 5 5 W A R 9 B 2 M R 4 4 (BT 2E). DR,
PGSG RE (2 33 5 W5 40 B 1R A V& Ak, 38 o 48 it B8
FIL-6 . TNF-o-TL-4 F1TL-10 {1 5334 .

3 PGSGE#Z TME 138 GEM R BB F

3.1 PGSGEX&GEMELELLCHME#HE H T U
PGSG Bk & GEM & 13 RE 0% i3k — 30 4E 5% LLC far & /)N B

Scanning electron microscope imagines of micro-particulate Ganoderma lucidum spore f-glucan (PGSG) (A) and Fourier trans-

iR 1) R S, 4% B 3A TR 2L T Lewis Jifides /s BRUSE 8
J£ 45 F PBS (ig)- GEM (ip) 1 PGSG (ig), M & Hid %
/N BRI g R R R EE . i 3BLC TR, 5 GEM 4
HHEG, PGSG Bt & GEM ¥R T 5k 2 BRAR T I8 11 A4 AR
N T GEM Gl AR E N BE A R V. fEALSE
ANBRUE, FIBCIN R OR (181 3D) JERRE (181 3E), Bk A
AR/ EE T T . Ki67 & A NRIEREE X
L e 240 i 50 2 R VS R AR B, K67 B 1 3Rk B s, i
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Figure 2 Effects of PGSG on macrophage activities. A: Co-stimulators expressions of macrophage. MFI: Median fluorescent intensity;

ISO: Isotype ctrl; B: PGSG binding on the macrophages; C: Effect of PGSG on the phagocytosis of fluorescein dichlorotriazine-PGSG

(DTAF-PGSQG) in macrophages; D: Effects of PGSG on the phagocytosis of neutral red in macrophages. LPS: Lipopolysaccharide. n = 6,

ok

x+s. 'P<0.05 "P<0.01,

Interleukin-6; TNF-a: Tumor necrosis factor-a. n =3, x s

JE A MR TR R . Q11 3F P, BEA 4L Ki67 R Rk &
B AR T PBS 411", #2278 PGSG BEWS W A GEM K #£7T
iy £ FH, [7 B B A GEMFRIAS B SR o

3.2 PGSG TiAMEFME T+ MDSCHILLH] MDSC
TRE R B ) 4 2 R TS 22 R A5 Rl Yk
2P A USRS R W % T PGSG
XF GEM A7 J5 g 5 JBIE h MDSC J e 0 3 43 A7 )
. R as RS (8 4), AT s iR o MDSC
(1) L A5 24 /2 PBS ZH A A 4L 1) 2 35, T Bk & 40 25 410
MDSC B & R & (K 4A). R, B ik 410 B T
M-MDSC (¥ &30 T 5 % /5 41, M-MDSC # ik N5
R A A AR (0 ML 4 i 5 AR 5, 1 PGSG
RE 0% 10 35 A AL 97 51 S 1 e 92 410 1) 40 i M-MDSC 11
B (KBl 4B). X Ee%dE K, PGSG W] LLFEARALIT 5
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