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[ Abstract]

immune-competent mice. Methods A peritoneal metastatic colon cancer model was constructed in immune-competent

Objective To study the effects of CD47-targted immunotherapy on the oral-gut microbiota of

mice. Anti-CD47 monoclonal antibody was intraperitoneally administered to the mice in the treatment group, while PBS
was administered to mice in the control group. Tumor growth was documented with small animal live imaging
technology. 16S rRNA sequencing technology was used to analyze the composition and diversity of oral-gut microbiota.
Results The alpha diversity of oral microbes in the anti-CD47 monoclonal antibody treatment group decreased, and the
difference was statistically significant. There was no significant change in the alpha diversity of gut microbes. Differential
species analysis showed significantly decreased abundance of Staphylococcus, Jeotgalicoccus, and Sporosarcina in the oral
microbiota of mice in the treatment group compared to that of mice in the control group. The abundance of Bacteroides in
the gut microbiota was significantly higher in the treatment group. Conclusion CD47-targted immunotherapy has a
rather significant impact on the diversity of oral microbiota in mice, but does not have significant impact on the species
diversity of gut microbiota.
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5 | B ey o #EASNE Y BRARBEAH A B S (immune-
related adverse effects, irAE)", &5 1% 48 & e A & L BT AL
HirAEZ —" FIWBIREEE R DR, FIKHICTLA-4iRTT
STt 3 PO /N B T TR R A R TE R ) A B
75 e Beta Z FEMEREAIR S/ NB A A 98 09 R A ARG @1
I - J 3 T AR X S TR T B2 VETIZOUSE PRI &
B, FET /N B AR FRAL B/ BN T CTLA-4 5 e A s
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B, IRSOE AT R FICAZ TAN RS A, /1N BBk T Sk
SXHUCTLA-4IRYF IR o X — B4 R e o0 R W] T
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il 1 JCHE 6] CD47 4 S IR 7 A T - i 3 TR RS2 ) 1Y)
WFFEARGE . CDA71E N H 1A S i e s i BT
LA 7R B3 A T B2 MR B 15 36 A SR e A A e 411
TR 2E 5, AR BA W BT FE 7 0]

PRI, ASBIFSE LA JES 2 % 445 1 9 /N BURE 28 DAy 52 6 Xof
B, VP T HTCDA7 B ST REHTIATE /) B2 1 88 e RS AL 1)
TRITRCR, IFiE—E 004 LU O B2 55T CD47 5 e BT
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1 #RFTTE

11w
L1l S¥shd A miatk 4~ 8 IEIEBALB/ /N Ul
H Jackson®L 50 %, T SPR G FE IS 1A 5%, H B IRK K&
HEEr, IR I )1 K2 sh ) 325 D1 S5 SRk A T S gt
Y. g FRIBTCER M R O Rl E 21 10 R4S
i AN 28 CT26 AN S22 (R4, 18 5 47 10% FBSAI
1% A0 A FE ) RPMI 1640157737637 C . IRFLU4r 4K
5%CO, M SR ELH R o
1.1.2 XA 5B RPMI 164015773, 1% 5 %/ 065
# (Life Technologies, 5% [ ), FBS(Omega Scientific, 5%
), —H R F M (Sigma Aldrich, FE), 0.05%JFEE [ i
(Life Technologies, 32 [H ), H1/IN R CD474 4 (BioX Cell, 3&
), 59 be (USP, £ ), D-7J6 &K (SYD lab, &),
ZymoBIOMICS/NE DN Al #1457 & (Zymo Research, 3%
), Select-a-Size DNA T i e 4 i & (Zymo Research,
K HE), Quick-16S T — LM 5 S #5105 & (Zymo
Research, 3£ [# ), Illumina MiSeqll iR 7 & (Zymo
Research, ).

15 mLELOFE . 100 mmZH 552 IL(BD, £ ), B0
HlL.(Beckman Coulter, 3 [F ), % fh ik 4 ff1 5% 52 46

(SANYO, HZAR), 5% 2 3 445 (BD Syringe, 3£ [H), /N3
PR AR AR AL (Lago X, 22 [H), gl iR & & (MP, £ ),
Nano Photometer i fill & 43636 E 7 (Implen, fEH ),
PCR{¥ (Bio-Rad, 3 [E ), MiSeqill #{X (Tllumina, JE ) .
1.2 Ak

12.1 ) ALEM RIS 69 U LY
70% MG BESE 7 G A LC T 26, BRI %L, 3 mL PBSUE
RERIEFIL)E, FEW . A3 mL 0.05%/HREE (1, &
T37 C B 5% CO A MU TR A MF B 5 min, 58 W
BRFTIH AL, InZn R 7 . A2 B B AT 4¢3 Ak, X3 mL
MG R IR, AR T A AT B 7, 21k k. R
I 3R A0 BB AT AT . e x 10’ g iR AT
1.5 mL PBSH, 435K 150 pLAl 2 2 % 1.5 mL
EPE, VK L5532 s sc ity . 45150 pLA0 iR
JFH B 82 28 T S e A 1 A/ BRUE g A 45 i o R T 2
PR

1.2.2 ALCDA7IMAIT F7 s R8G9 57 ZOTM RS
3K, BIAIER Y], FELBORL 22 R TR g2 5 5, BNy
MG, XERNREATIRYTY o 16T IS 2.5 mg/kg
HLCDA7 B yg REHTIR VAW, 5 J 20K, 2ay; X RAH . 5 fi
TEST S5IRY7 4S5 B A PBSIA IR, 45820k, Hhaik . 1RTT 4
W SR/ IN ST A5 ' AR B A W 0 i3 200 5 '
55 . MEEETES139 mg/kg D-7¢ 6K PBSIA, S S
NIREE/NER, T8/ BURRBESS , T/ Nl s A g 3G C sy
UM PG 5 o 1RYT IR H AR /N U4 BT,
/NI

123 D RERBERHEAGKE  SERAKIBITE, K
JH T T 48 WS % BB R I 9 2L /) B Ml YR B S B 216 o A
A, MHFLIE 2 -80 CURFEIRAT o A8 T UKIRAF IIREA
2 T WA K Zymo Researchi#f47 5 ZEAb 3 K 737 o
1.2.4 @@ EDNAMRIR  FIN25 ~ 50 pLEESH EZR
BashingBead 24f# 4%, /il A 750 pL ZymoBIOMICS ¢ fifti%
W5 TE2EA 2 mLAS [ 5 #5F 09 MPRIF B {0 e KRG 7R
5 minji7; 10 000xgH% # B .01 min; 555400 pL LS
Zymo-Spin ITI-F .65, U865 B TR, 10 000xghe s B0
1 min, 7805 fILAT 200 pL ZymoBIOMICS DNA%; &
FRA S IRY S, IR #gso0 uLIRBGYW E
Zymo-Spin IICRZE G4, 45445 & FILES, 10 000xgh
L1 ming AN B E, B ST YR, A400 uL
ZymoBIOMICS DNAYE 1 2 Zymo-Spin IICRZE A 45, 45
A E T H IR, 10 000xgHE H B0 1 min, K
JIIA 700 pL ZymoBIOMICS DNAE# 2% Zymo-Spin
LICRZE A, 4568 B TUUEEAS, 10 000xgH% 18 250> 1min,
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FEER; A 200 uL ZymoBIOMICS DNAVEH2 % Zymo-
Spin IICRZS A8, 2568 B TR, 10 000x g 3 550>
1 min, 3B H B Zymo-Spin IICRE T EPH, ¥
50 uLJCHE /K ELHEH 245 M, EE 1 min, 10 000x g% i 2.0
1 min, YEAS 2] S DNA; & Zymo-Spin III-HRCIE - 5]
—ASETRIUEE S, A 200 uL ZymoBIOMICS HRCHE A
T, 8 000x g 2.0 3 min; KA AT DN AR A 411
Zymo-Spin III-HRCIE LS, U8 2T THHEPA, 16 000xgH;
.03 min,
1.2.5 WA XEEE
1251 HEFHY I RIHqPCRY HARF A 2479
14, BN AR Z A20 pL, Quick-16S qQPCR Premix 10 pL ,
DNAREAR2 uL. 51NN X 3K 16S V3-VAX (L35 49
341F: 5'-CCTACGGGNGGCWGCAG-3'; T ili5[4805R:
5-GACTACHVGGGTATCTAATCC-3').

qPCRIZ WS4 95 CHAEE10 min, 95 CAEH:
305, 55 CCiE k30 s, 72 CHEMH3 min, 20 MG
1.2.5.2 PCR”WIEIE A RNAKR AL pLig s
W, IR, B TPCRIGHATIRN . 37 “CJ¥ 15 min, 95 °C
JZ10 min, 4 CREFA], BTG WPCR&™YNZH 2
4 °C, BLOWERRAE ) o
1.2.5.3 RN K510 uLQuick-16S qPCR Premix,
4 uLJCE/K, 2 uL Index5 |14, 2 uL DNABHIR A, # 45
TR E A T IndexiZR IQPCRIT B

% 1 Index #HIMqPCRIT K& 14
Table 1 Index added qPCR reaction conditions

Process Reaction temperature Reaction time Cycle number
Predegeneration 95 C 10 min 1
Denaturation 95 C 30s 5
Annealing 55 C 30s 5
Extension 72 C 3 min 5
Plate reading 5

1.2.5.4 SCPEFRETE #4430 pL Select-a-Size MagBead V4
FIMMAT mLSelect-a-Size MagBeadi& 7, AR A ¥
Select-a-Size MagBeadii¢ & 5 DNA AL 0.8 = 17853
RE, ZiBEE 5 min; KbPRG WA S T RIS,
Y 5 3~10 min, 1 ZEBEERMIEW 785000 B FEAS A
200 uL DNAVEWE, 5 3 BAAEA IREERAE 73 1%, % IR0
A3 min; A 10 uLICHI/K ZREER, MR A, EEEE
2 min; BFEASL M REERAE, Z IR B 1 min; OO B 206
IHEPE, ZRAHH THDNASCE

1.2.6 Illumina Miseq #/F K HIllumina’s Y Miseq
PE300-F & #4707, AR B W lumina 2 7] i

45

127 %t F 7k WRSURTOUE T K sh Wik pat
MLLx + s BB, ffi H GraphPad Prism 9.0 758114 #7 Al
YEL, 2 LHAEA AT LU, SRk 50

BAE b Y =& (EEEE) M. HH]
fastp A R JE A6 TN 1 3 40 HEA T B4 o 3 ek JBT 428 1Y) 32
BL, i FHFLASHARF AT BF 42, BARINR : O BRAL5
T B N Y 132 B s ARG Miseq Ui I 7 6] 1) B
B RE, RO BB — 27791, [F)— 4 1 B ) 1)
H/NEA KN 10 bp; QPR BT DFHEN E & XRTRC L
H/NTEET 020075 @R P51 450 (Fei/r i R o A
S0 FG 1) (5 | Wy s RSB AR 2) L P58 750 5 [al, 4
KEARFFEA,

il FTUPARSEHAF!!, X 1 A7 #4123 26 ot
(operational taxonomic units, OTU) I (97%FH 1Ll
JE), BRI . OFRBAEE S )75, KBRYITH]; QXF
EHE LTI HATOTURIE (LR &) R BOTUR KT
5 QB BT A B 5 8 B 81 Hex 2O TUMRER 51, Al
APEAEI7% L 5 Al FAE IO TU A%« FIHIRDP
classifier WEATHE AP SIMIFI P2 TERE . LA70% A %] L I
{1, HX 2 Silva 168 rRNAKIHE 2 (v138) .

fd FHMothur"* #3158 Simpsond g UM AN ] 3 2H
ARIEAT AlphaZHEPE M7, Simpsonds BG4 #p =F & )&
KI5 18, Jefir R Alpha AR 1Y F H P8 bR 2 —; fiff
FAQiimeZkF"*-Bray Curtis/ A A E M F, RIET
veganF AL AT AR B i 2 4 RUBE 53 BT (non-metric
multidimensional scaling analysis, NMDS), NMDS/#7/&
IRAEEEAS B RS B, FE 24k 25 ) LS B 2 0,
i 3o T R B A AN R AR A 1) 22 S PR, e A ARAR AR AR
1475 [8] 7 07 1] ; SR FHR A stats £ Flpython 1 scipy % A [F]
TP 22 S MR HEA T Wilcox Bk G 46 SR HILELSeK fF20%f
TLH ] B A AE B3 25 S Y b b — 2B AT e ) 43
M7 (linear discriminant analysis, LDA), LD A{E & % Bl
FEREXT 25 AR K

2 #R

2.1 $CD47 85T EH A RTHI 6l BE B2 45 7% 45 7 7 40 A
K

HLCDA7H 5 EHUARIA T 4K G, R /NSl i 4 i
BEARICFIICRG TR IE, P CT 2645 s 95 40 il 11
fif o G5 N, N I EE R 23 W g e e A e A < vt R 2L
WEWGE, 25 G L (P<0.05), YT S —E 5
R(E,
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Fig 1 Anti-CD47 monoclonal antibody inhibits the growth of peritoneal metastatic colon cancer--in vivo imaging on day 18

n=3, ¥*P<0.05.

2.2 ¥[EICD47HIGRIE & T X O -7 E W BT S+
=ap=A1)

LR, X B 1 TR Simpson 8 £ 0.548, 1R
I AL R0.722, 6T 4l Alpha ZHEPEREAIS, 22 R A S5
SCCERA), T B2 7 18 T HE Simpson 84X 8 0.144, 1797
41240.177, WA 22 7 ToGE 778 L (KI2B)

BetaZ FEEIE I NMDS /M A4 T . 45 R 2R, BB
stress/NT0.1, IS EA RAFHYHESY, AT S BiBeta 2+
PE(E2C) o Hirh, - 8 A AIA 22 B0 PR AN TR 2340
R, Wil R RAREC S, T E TR R A, I
I, FATA IR T W5 18 B R BetaZZ AR PERZ IR 1N
2.3 ¥B[ECDA7HI SR T Xt O Bz -B% 18 W 8 4R R O =2 i

Ja& 7K 8 BRRE G B0 BT s, B A A Ak B
. B BRI R (Staphylococcus) (55.7%) | #EER B @
(Streptococcus) (30.2%) FlJeotgalicoccus(9.3% ) 2% FiZH ==
JE d5e e W A W R S, T BE BR TR JE (Streptococcus)
(83.7%) . #i % Bk & J& (Staphylococcus) (4.9% ) Fl
Lachnoclostridium(4.4%) 1697 45 £ 5 A (K13)
Yy 22 5 43 B W) Yk 78 7 % BK & (Staphylococcus) |

0.22

Jeotgalicoccus ., BRI J& (Sporosarcina) #EiR YT 4 F B RIK,
ZRAGI L. WERE Y Lachnoclostridium
(22.3%) . #FF W JB (Bacteroides) (16.2%) &
Akkermansia(14.6% ) f2 %1 B A1 =F B fe & A0 Il A P Pl 2k,
T #AT 5 J& (Bacteroides) (29.5%) . Lachnoclostridium
(17.8%) St Akkermansia(10.8% ) /& 1&YT 41 15 4 5 (9 #)
Tl (E4) o Wb 22 5 0 4 W) S 7s 44T 11 & (Bacteroides ) 7
WP S, Z2RAgit e

&K FLESe #7271 , Xof JE 11 BT AR b LA K
Xt hilog10 LDA{E N #i % BRI J& (Staphylococcaceae)
(5.4) . Jeotgalicoccus(4.7) , BRI J& (Sporosarcina) (3.8) LA
K Atopostipes(3.6); I ¥7 2H I T HF by« Bk BRI A
(Streptococcus)(5.4), Lachnoclostridium(4.2) .
Clostridium_innocuum_group(4.1) . KIFHEHE
(Escherichia_Shigella) (3.9) S ¥k (Enterococcus) (3.5)
(FEI5A) 5 Xof B8 38 T AU R W P L S log 10 LDATEA :
Parabacteroides(4.1) . ASF356(4.0) ., Enterorhabdus(3.6) .
Hi % BR 1 J8 (Staphylococcaceae) (3.5) . 24T H &
(Faecalibacterium)(3.3) . Jeotgalicoccus(3.0) LA J&
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0.5 [+ Anti-CD47-Oral ~ *
0.4 |+ Control-Gut, .S9
] 8% : Ann-CD47—G‘ut
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Fig 2 The impact of CD47-targeted immunotherapy on the diversity of oral-gut microbiota

A: Alpha diversity of oral microbiota, Simpson index, Ctrl_Oral compared with Anti_CD47_Oral, *P<0.05; B: Alpha diversity of gut microbiota, Simpson index; C:

Beta diversity, NMDS analysis.
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Fig 3 Composition diagram of oral microbiota at the genus level in the anti-CD47 antibody treated group and the control group
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5 I D

m Muribaculum
m Blautia

S4 _ I m Parasutterella

Escherichia-Shigella

. Alistipes
Anti-CD47 | 85 DN prevoreliaceae_ucG-0o1

m Norank_f_norank_o_Rhodospirillales
‘ m ASF356
. . . . m Staphylococcus
0 20 40 60 80 100 ™ Others

Percent of community abundance on genus level/%

S1

S6

& 4 #ECD47 R IZ A T H/NR R 3T BB /N I 18 I B Fh A A 3T L

Fig 4 Composition diagram of gut microbiota at the genus level in the anti-CD47 antibody treated group and the control group
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m Anti-CD47-Gut

B 5 ARAEREYMHMLDAMELE
Fig 5 Comparison of the LDA scores from the biomarkers

A: Oral microbiota; B: Gut microbiota.
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(Coriobacteriaceae_UCG_002)(3.0); MiGIF 4 imiE R )
T )& (Bacteroides) (4.8) . Prevotellaceae_ UCG_001(4.1),
DL 22 R A G E R L(EI5B) .

3 it

A O R R G, TE DAY IR R A 1
CDA7IGRSEIRYT I EAT M RS, RS E T
CDA7GPETRTT A 145 s SR /IN BRI Jes - T8 TR A 1) 52
i, ATTSEAMZ 7 TS 25

FI T R G PR I 5 s 16T B AH DGR ST i AL T
EAE B, T SRR AT TR | Mo S ARG 35,
SEHATRUZE YIS RAFERE . DEIEMIH L R R
i, JEHUAE AR A, T A8 s 5 AP R R
EFME O . FE, DR ME e — e g LR
BT AL R G R RRR S, FLEMERSE ) — i
IR ) 285 g iR A T2 W B T (9 O 5 S,
PR AR 550 T 200 R Xt 45 W 8 12 T 0 AR T 5 1 s
PR TFEIDE A 250 i 1 D AL (R G, UM T s . 1 s B
A AE AR AL R G R, AN L R . P A
Bk RAF 2 WHEFR . ARSI, $232 ¥ 10 CDA7 432
WEIT 4L/ B I R Alpha AR MR B BEAIG, R[4 18]
Beta Z A MEAFTE 25 57, I TR AET IR Y7 14 s by A
OB . S SRR 0 AR R T T R U A )
CDA7FPEIRYT B LA S e A ST KA Y B A 1E 4%, )
-1 T BRI R BB 2 30T B T e i 7 AR 1 —
AMERDLA

ARSI v i T AT R, 52 IR S
BRI P9 B SDUFT T B T I R TR . AR, BRI
TG R F M0 1] CDA7 IR 7 A T 3 B RE Y 52 0, {1
AL (I 5 2 I HDURT: DA i 6 I 3 TR R D 1) =F B 5 i
JTHIRIVE A &I R . w G % 252 CTLA-4
TRIT RE I R R, KA SRR e 45 i 4 1 R
B TE R AOURT R 0 T R I AR TGO R A R
DUBINZWEAEZHPD-1VAYT 1Y/ N B it 98 8 25 BAS) o
R THRMMIEG . ARG 232 ¥ 17 CD47 R 5 IR
I7 /N BRI N DT T 8 = B T v PT RBJ HE 1 CD47
B IRYTAHBE T TH BAE SRR T 45 1 4 W B Rl I
IO M R AIG Y) FE R, (AR — 2B IR AIFE

IEAN, BiE AR FHHLCDA7 B ST BEBT A IR YT o7 i JBR /1N
B, 70N BRI AH G L I 40 B 26 300 MR AR Ak, B4
i B A T IR A MR AR 2R 7  FE T
PR IS, LA A KR G 15 200 E4) o TR 75 ok B R 3 B
HRe L E SR . O AR 1Y Alpha Z A VEARJE 75

T E A B4 e RORLAR S T B K — R AU 1 aE— 2B
FE o TRIE, /IN BT RS T -5 N 26 0 TR AR A A R 22
S5 0700 ORI PR R 2L S R S ) I R TR R /N BRURSE
TUCS, RGO T e NI 171 92 - 108 200 BT v 45 B
SEVGTT 18] AR L AL R A PR — 2P S T 18]

* * %
R A VEE S WA R 2 5
2 £ x W
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