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Identification of PD-1 small molecule inhibitors and
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Abstract: Tumor immune therapy has been remarkably successful in recent years and several kinds of PD-1/
PD-L1 (programmed death-1/programmed death-ligand 1) antibody drugs have been approved by the FDA for
treatment of advanced malignant neoplasms. However, as biomacromolecules these antibody drugs have certain
drawbacks such as high cost, injection-only administration and immunogenicity; thus, we turned to small molecules
that have lower immune risks and better modifiability. Considering the structural diversity of natural products, we
chose to investigate the active components in Panax ginseng, a famous and highly valued traditional Chinese
medicine. Nine compounds were separated and identified in this research using a HPLC-coupled MS system, and
3 PD-1 binding compounds were identified using the SPR method. The PD-1/PD-L1 inhibitory ability of ginsenoside
Rg,, as a representative ginsenoside, was verified by cytopharmacological methods. This research provides a new
method for the identification of immune blockade inhibitors in natural products.
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American Tissue Culture Collection (ATCC, Rockville,
MD, USA).
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280 0 SIS SR A IR R, e AT E AN SIS K FH I
HPLC %11 Jy: HPLC B B el Fw WA% 1, A 30 °C,
Y 1 mL-min™, &0 4 203 nm.

Table 1 Gradient condition of HPLC analysis of Panax Ginseng

Time/min Ratio of acetonitrile/%
0—15 17
15—40 17—31
40—60 31—33
60—70 33—34
70—80 35—36
80—100 3641
100—120 41—70
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£ PD-1 5 /N3 115 ¥ A0 BLAE F SE3e o, PD-1 4
i € T CMS U F 200, PD-1 e &ABIEE N 16 000 RU
B 2% 53 BT W0 < B B B Ol 200 pmol - L 45 4% 7 B &2
0.78 pmol-L's

FE /NSy T 35440 PD-1/PD-L1 (#4) 7 H1 H.AE
SeI6 Y, PD-L1 A [E 2 T CMS it H & i, PD-L1 [ %
BB 5 3 000 RU, PD-1 25 (49 & 10.38 nmol-L"', 4
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Figure 1 HPLC chromatograph of Panax ginseng
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Figure 2 Total ion chromatograph (TIC) of Panax ginseng

Identification of 9 compounds in Panax ginseng under negative ion mode of LC-MS". #;: Retention time; Glc: Glucose; Rha:

Rhamnose; Ara: Arabinose. “Compounds confirmed by comparison with reference standards

No. t./min Formula MS (error in ppm)

(+) ESI-MS" Fragment ion Identification

r 39.129 CyHpO

2 61.166 Cy,H,,0,, 1107.537 7 [M-H] (2.23)

3 65.136 Cy;Hy,0,, 1077.526 9 [M-H] (2.23)

6 71.031 CsH,0,0 955.443 2 [M-H] (2.23)

8 80.099 CisHgyO o
9 86.871 C,HO,

793.398 1 [M-H]" (0.60)

13 108.188
14 110.277

C3Hg,O4
C,H,045

653.301 2 [M-H]
841.693 4 [M-H]™ (1.04)

15" 113.929 C,H,,0,,

945.495 3 [M-H] (-3.11)

945.498 6 [M-H]" (-0.26)

799.446 7 [M-H] (-0.82)

799.442 4 [M—H-Rha]

637.397 1 [M—H-Rha-Glc]
475.353 7 [M-H-Rha-Glc-Glc]
946.497 9 [M—H-Glc]

784.448 3 [M—H-Glc-Glc]
621.410 3 [M-H-Glc—Glc—Glc]
945.497 8 [M—H-Ara]

783.448 5 [M-H-Ara-Glc]
621.402 6 [M-H-Ara-Glc-Glc]
793.398 8 [M-H-Glc]

631.394 6 [M-H-Glc-Glc]
455.389 0 [M—H-Glc-Gle-Glc]
799.442 4 [M-H-Glc]

637.397 1 [M-H-Glc—Glc]
475.353 7 [M-H-Glc-Glc-Gle]
631.351 7 [M-H-Glc]

455.328 0 [M—H-Glc-Glc]
491.304 7 [M-H-Glc]

491.304 7 [M—H-Glc]

799.683 2 [M—H-CH,CO]
637.693 4 [M-H-CH,CO-Glc]
475.608 4 [M—H-CH,CO-Glc—Glc]
637.481 3 [M-H-Glc]

475.412 9 [M-H-Glc-Glc]

Ginsenoside Re

Ginsenoside Rb,

Ginsenoside Rc

Ginsenoside Ro

Ginsenoside Rd

Chikusetsusaponin Iva

Pseudo Rt;
Acetyl-Rg, or isomer

Ginsenoside Rg,
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Chemical formula: C44Hg,0O1g
Molecular weight: 947.17

Compound 1

Chemical formula: C4gH76019
Molecular weight: 957.12
Compound 6

Chemical formula: Cs4Hg;0,3
Molecular weight: 1109.31

Compound 2

Chemical formula: C53HgO5,
Molecular weight: 1079.28
Compound 3

OH

Chemical formula: C4gHg,0,g
OH i Molecular weight: 947.17

OH Compound 8

OH "
O _A_OH
o o

HO Ny

OH
Chemical formula: C4HgsO4 HO.,,. 5 H
Molecular weight: 794.98 > H Chemical formula: C34Hg,01¢ QH Chemical formula: C4,H7,04
Compound 9 HO™ Molecular weight: 654.88 OH 7 Molecular weight: 801.02
HO™ Compound 13 on” Compound 15

Figure 3 Compound structures of identified components in Panax ginseng (acetyl-Rg, or isomer excluded)
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tion Software 73 T K 4 %f ¥ 4 71 () PD-1/PD-L1 #i 45 it
T80 SRR A, 58 PD-1 & H 5 PD-L1 & A AH E
V£ Ky (mol-L) {8 4 5.98x10°, 1% H A 42 1T ST ik 7
T, R AT 4401 PD-1 5 PD-L1 {& B T B I AE W)
W RIS A S A R A /N4 T 5 PD-1 # i g
A, AZ 2 Rg W AS B Rb, 5 AS BT Re K
P T BRI A S, A R K 3 s . HAt b &
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Table 3 SPR results of active compounds interacting with PD-1

Analyte Ky/mol- L' Chi* (RU?) R... (RU)
Ginsenoside Rg, 1.87x10° 0.04 3.5
Ginsenoside Rb, 2.90x10° 1.32 14.4
Ginsenoside Re 7.88x10° 0.04 2.0

S AR S TR o e G ) S50 o 0 s R 2
WK 4 s, g5 R BoR, A2 H Re, #1f| PD-1/PD-L1
54 1S 5 2 908 255 = K M (dose-dependent
manner) MUK T2 I XIE, Bl A /N o> IR BE R, 15
SAEAN T B, BRI 2 I8 B 52.56%. AT LA A
Z: B R, Be W RF 7 M Hi40] PD-1 5 PD-L1 (185 1 41
HAEH. NZREHERb 5 ASEHRe ZILH T &=
S A T K B AEL B AR 2R A5 A2 50%, 171 2%
ERTAZEH Rg,.

3 AZSEHRg HE PD-1/PD-L1 & &M RIE RIS
WeER

FPE R I IGE R R Fr R ME 6 i . 4

BoR, NS B Rg, £ 9 umol- L IR N, AEws B %
F L X PD-1 5 PD-L1 45 & R BH Wi /E FH (P<0.01).
XF LG BEAE 25 g0 iR JG BT, FLAE 9 pmol LK N A
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Figure 4 SPR signals of PD-1/PD-L1, ginsenoside Rg,/PD-1, ginsenoside Rb,/PD-1 and ginsenoside Re/PD-1 interaction

40 Ginsenoside Rg, — Ginsenoside Re Ginsenoside Rb,
J— 5 98 4
03 ) 1 A I =) — 0 umol-L!
& 30 = & e DDtD g —— 0.48 pmol L
5 //7 5 66 048 pmol- Lt < 78 y e
g > S ~ 2 § ——781pmoll? G — 0.97 pmol -x_.l
a 20 / [—a 8 76 31.2 pmol-L a 58 31.2 ymol-L
2 / =i
o 15 / —— 0 umol-L! § 56 4 —— 62.5 pmol-L! §
2 10 ——195pmolL?  ® S 38
£ s — 156pmolL? § 367 2
E o ——31.2 pmol L 5 16 1 é 18 4

Y il 62.5 umol 1!
-5 o PR -2 T T T T v T T T "
60 40 -20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 8 100 120 140
Time /s Time /s Time /s

Figure 5 SPR signal of competition experiment of ginsenoside Rg,, ginsenoside Rb, and ginsenoside Re between PD-1/PD-L1
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Figure 6 Effects of ginsenoside Rg, on the interaction of PD-L1 and PD-1 Fc in Jurkat T cells. After Jurkat T cells were incubated in the
presence of ginsenoside Rg; (3, 6, 9 umol-L") or opdivo (3, 6, 9 umol-L™") for 24 h, microscopy image showing the association of PD-L1 on
Jurkat T cells membrane with PD-1/Fc protein. Green fluorescence (Alexa Fluor® 488-labeled PD-1/Fc protein) indicates the conjugated
PD-1 Fc, nucleus was stained by DAPI (blue fluorescence). Results were mean + SD for three individual experiments which, for each condi-

tion, were performed in triplicate. "P<0.01 vs Control
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Table 4 SPR results of ginsenoside Rg,, ginsenoside Rb, and

ginsenoside Re in PD-1/PD-L1 competition experiment

Maximum Maximum
Analyte Blank e . . .
inhibiting signal inhibition ratio/%
Ginsenoside Rg, 30.966 8 15.005 3 52.56
Ginsenoside Rb, 98.949 9 80.928 5 18.21
Ginsenoside Re  104.180 9 71.440 8 31.43

R 1) 2 T I B X R K 76%, AN S B Re, fE
S 7E 40 2 1A A BE T PD-15 PD-L1 45 & -
4 AZEHRg &M A PBMCs 4 i X fifi 2 AS49 ¢H
R KR

N2 2HF R, b ifi e A549 20 it (1) 40 it 75 7 CCK 8
SIS SE R T R . SERER, YUASBEH R KE
AR 50 pmol- LB, A 2% AS549 4H i 7= A= 5 3 1) 41 i
B, R, W DAHERR J5 S5 50 i AN 2 B Rg bf
AS549 2 il (1) 48 ff B 1 T

i 4% 52 N2 24 Rg, 521 N\ PBMCs 4H ifd X Jifi
Tt AS49 A 3 9 0 1) 45 S DL AS49 0 8 T 3 A A A
WibritE, MBS gt g R B8 . 4R ER, 5
7= AN A A, NS 21 Rg, 7E 6 f19 pmol-L! f{ ik
FE N Re i 2R I 235 1 2 33 PBMCs 40 i Xt it g AS49
1 A% 3 A, RIS S b B ot B 2L, L g K e ik
T B Ak AR B2 /KPR G BT 62.6% . 45
T g R, AT LA N S 52 R, AE 0% @ ik BH I
PD-L1 5 PD-1 I 45 & AT A B3 i 983 4 i 3 o vy 2238
hPD-L 1 17 7= A& (1 Jif 988 6 36 24 87, i ¢ {2 i3k X PBMCs
Y X it e AS49 40 R F A A5 o

1504 Ginsenoside Rg;

100 4

504

Cell viability / %

Ctrl 12,5 25 50 100

pmol-L  pmol-L" pmol L' pmol-L"
Figure 7 Effects of ginsenoside Rg, on the cell viability of A549
cells. After A549 cells were incubated in the presence of ginsenoside
Rg, (12.5, 25, 50, 100 umol-L") for 24 h, the cell viability of A549
cells was detected by CCKS8 assay, the statistical histogram of cell
viability ratio of indicated groups was presented. Results were
mean + SD for three individual experiments which, for each condi-

tion, were performed in triplicate. “P<0.01 vs Control
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W, 33 N2 2 Rg, NS 2H Rb, 5 NS 21 Re.
R A e A A0 Ry 1 S PD-1 45 A i PRSI N 2 B T b
FEHCE T e 5 25 A in R BAT AR OGN, SR MR D, 4
A RE TR, TR Y SR PR S D R SR D T S
PRSI (S A ALRH o [ A e BROH AR M R 2R
WEMANS BH R, BT T AR LB 2RI . S
KRY, NS RH Re 8 5 PD-1 EHRERUE A,

304 Opdivo *x

X
&
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Figure 8 Effects of ginsenoside Rg, on PBMCs cells triggered A549 cells apoptosis. A549 cells and PBMCs cells were co-cultured in the

presence of ginsenoside Rg, (3, 6, 9 umol L"), or opdivo (3, 6, 9 umol-L™") for 24 h, followed by apoptosis analysis of A549 cells with flow

cytometry. Results were mean + SD for three individual experiments which, for each condition, were performed in triplicate. “P<0.01 vs

Control
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FERENS 1@ L FH BT PD-L1 5 PD-1 #9455 & M T A B 98
2 P 388 3o 0 PD-L AR 1 1T 7 A 1 i R 3 3
T A2 33 N PBMCs 41 i X6} il AS49 41 it i %45 71,
UESE T I VA A R . AW RN KRR
PEAS 5 @ R0 I F SR T A U, R4 PD-1
NG T IIRIFIRRARHE T 2% .

EH T ISR NASCE—1EH, F1 575050 8T\ PD-
L1 FRIAHE A \PD-1/PD-L1 & (A H 4L . NS 23
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