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Abstract

Objective: To compare the changes in plasma lipopolysaccharide (LPS) levels and gut microbiota
characteristics as well as their correlations among patients with schizophrenia at different stages,
and to explore the potential mechanism of gut microbiota alterations in the progression of schizo-
phrenia. Methods: Patients with schizophrenia at different stages (19 in the acute phase and 22 in
the remission phase) were enrolled. General information of the subjects was collected, and their
plasma and fecal samples were obtained. Plasma LPS levels were detected, and 16S rRNA gene high-
throughput sequencing was used to analyze the characteristics of gut microbiota. Additionally, the
correlation between gut microbiota and plasma LPS levels in patients with schizophrenia was ex-
plored. Results: Plasma LPS levels in patients with schizophrenia at different stages were signifi-
cantly higher than those in the healthy control group (P < 0.05), but there was no significant differ-
ence in plasma LPS levels between the acute phase group and the remission phase group (P = 0.263).
The Alpha diversity indices (Chao1l, Ace, and Shannon) of gut microbiota in the acute phase group
were higher than those in the remission phase group (P < 0.05), there was no statistically significant
difference in gut microbiota Beta diversity among patients with schizophrenia at different phases
(P > 0.05); there were differences in the species composition of gut microbiota between the acute
phase group and the remission phase group; compared with the remission phase group, the acute
phase group had a higher relative abundance of p_Bacteroidota, c_Bacteroidia, and o_Bacteroidales
(P <0.05).In the acute phase group, plasma LPS levels were positively correlated with p_Bacteroidota,
c_Bacteroidia, o_Bacteroidales, Acidobacteriota, and Psychrobacter (P < 0.05); in the remission phase
group, plasma LPS levels were positively correlated with p_Bacteroidota and c_Bacteroidia (P < 0.05).
Conclusion: Elevated plasma LPS levels and changes in gut microbiota diversity and composition are
important biological characteristics of patients with schizophrenia, and there are differences in the
association between gut microbiota and plasma LPS at different disease stages. This provides experi-
mental evidence for further exploring the mechanism by which gut microbiota is involved in the pro-
gression of SCZ through regulating LPS-related inflammatory pathways.
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1. 5|8

A5 1173 BE (schizophrenia) & — ™ HLIAG A EAT £ 3R ERG ISR BT B35 20 50% 402 W, K o)
SO A B 10 H AR A AR [1]. (HHIR R SRR LR R e Al B, I PR Z 5 7 1k A2 )
PRE SR T IFB. H 2008 4F “Jg - Wil 7 MR A, 2T RS B i 00 R AE 5 1 e i
A K SRR RSO TR TUA R, RETBIR T “BEY - i - il RN, R E AR A A
LINRERE RHR[2]. FEI AT TERIT, R 73 S0 B A 1 S0 R Pl B A TR RAALE SO i TR A
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SEA AT RENE TR RS R G, T LS R A S RE IR [ 3] - A X i T TR R 55 R 1 S0 RO BIE B TR N
JATE A Y ZETRE N B T W R AZR N, Tl TE A an s 2 B (lipopolysaccharide, LPS) &4 A H]
RE2 “TRAEY) - Wi - Ml (OGBS B [4]. LPS A& —Ff B 2= [RBH 1 AT B 7= A= 10 i 3 vl BE AT,
BB EOE DR A G R SRE, SRBUMM BRI, 51K — RIS HREAG[S]. OF 20U T4
BRIR, HIAIE S B 7K 2% g BRRE DL SRS # 43 RU0E 55 — R ARG PR P00 B8 3 h LPS B HEL R, 18R
LPS 558 i R A K Fe B B E R R[6]-[9]. H5 WTE IR e S B i ik g 2B A1k,
I ARAF B RGIIE

LA B 9T B O UE 5L I T8 R SRS P RORE R OCRYE, (A E B RN Z2HM R RET RS
@R BN LG, 2R 7B ik i v i T8 R S A AT BB A TR RRAE s[RI, B0 A [R5
IR S 1 R 5 L3R LPS 7T IR 7 1t SR TR B SRR B A O 6 (AT TR SO B =, 75 S B 22 R AT 9 SR A I
W Jip 3 TR A S RS P00 BUE R AR R IR R 2R o AN FTADLIE I G N AS RIS DR i 73 Z0E B8 %, SR 16S RNA
FE [R] 38 B e 5 0 Bk 4 28 W [ 51236 (enzyme-linked immunosorbent assay, ELISA), £ 4t 5 #T A 5] 5 57 fsf
HA BB 2 10 T T8 R BEREAIE 2 I 2K LPS ZKSPARAK, R 8 2 MR O, B 18 38 7~ W 18 B 1 R 42 G
53 FERER I 1 FE T AE AL SR L B AR A A

2. MMERHE
2.1. MREMR

AN 2023 4 1 H~2023 4F 12 H 2= B 815 5490 B2 B R RbRS # 2 2O (E B B VR Nt fedl, b &
PEAE 19 1, ZRffReE 22 4, [RIFEHR 22 Rk & 1 AT IR, G 2 58 EE T mERE . &
A RREA AR E: © BERHFBIGEIEE SRR @ 48 20~65 %, f6 (ICD-10 fith S
1T RBERG 53280 K 2UEIZWIARHE[10]; @ EBLiGIT: @ FtpRlE6 & CL BB If AT BE 1 5 I PEhE
IR 2 3 (positive and negative syndrome, PANSS) PP E[11], FFMRHE PANSS R 45 Rt 1T4r4H, PANSS V¥
7y > 60 VNS NEAL, PANSS PF7r < 60 72 NG AL. HERRARIE: O BAAREMEIN. B 5tk
P @ BAIEMEMR. BR. MASBZREME. g, @ 15 1 DPHNRHAPUER. e K
JRBERIGIT: @ HARKSPHEERS . FUwsMG: ©® XK. 29k, A AEA = r B A% e 2= B (R R
PR R 22 M JE A% G R B ) e 38 22 i s it 5. FF 2022016).

22. ARFZE

2.2.1. —RRFRUEE
et R L S 0 IRAL I — RO R BERE, BUFRAERE . Ml K. PANSS ¥F7).

2.2.2. HARE
NZH 24 R AS FH IE i B 25 SR I SR 4 FRE B kI, 3000 t/min 5540 10 min JSUEEINLS, 3FE T-80°C
PURRAE . EENA—FNKES SERPEEEME, B TR GAE , JHE 1 /NN iE-80°C.

2.2.3. LPS #&;1
KH B2 B ELISA A7 Sl 2% LPS 7K-F .

2.2.4. FIERBSH

$L[A2H DNA F Omega Bio-Tek F5ff DNA {f G420, DL4AE 16S rRNA K V3~V4 Xy HiR, H
5|9 338F F1 806R #4T PCR ¥ #4# CF f5i#id Ilumina NovaSeq 6000 *F- & XA uill >, R 46 751
% Trimmomatic v0.33 idJiE. cutadapt 1.9.1 £ 5|¥)1F Clean Reads; H QIIME2 2020.6 [f] DADA2 %2
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W PR N R AR, SRECE RUF 5 AR T 1 7 7 4148 744 (amplicon sequence variants, ASVs). T
Silva v.138 ##ifE, JE AN D700 K8 RE ASVs, ST TEM/KFRETELAL%, H QIIME A= i &
#, RIESLHIHIELEME . Alpha ZEEMEIREUH QIIME2 i1, RiES2HIMLIK, Student t 4556 4H [H]
ZE5t; Beta ZHEPESHTA QIIME 5EH, R 1 F 41 PCoA Bl ZFWFh o AR FHZMEH 7] 43 HT (line dis-
criminant analysis, (LDA) effect size, LEfSe)/7i%: £3EZ4 Kruskal-Wallis FIRK S 50 106 72 o 58, 4tk
J 5 43 H1 (linear discriminant analysis, LDA) XN & 1745 5200

23. Gt FAE

BT Gi it o i i LR B KT a=0.05 NHIBikRHE, P<0.05 AZEFHALHHE L. FEESM AR
BEIEH X + S RKER, HAFEESSMITTETRH M (P25, P75 KER. ZATHETRILR: K
F Pearson <SG s AT ALIAI 43 A0 25 5 o 222 TH R BORF LS Seilid IS R 0 22 SR A R i B o 7
WESERI A Hie, RASBRRETE0. WARFERRE: 7Z5% HIES0 A EdE Lt
BRI ST REA ¢ 1556

RSy Hr 35 IE SPSS 23.0 SRk .

AERAEDHT: FFE IES 070 1A K Pearson AHIG /0 #T, AEIEZS 70 A BLEF 2L kLR A Spearman AH
KON EIXTAVEW. ZMEHIEE MK LPS AP S5 0HEBEAENTEE, KA R W IFv4.2.1) K ggplot2
£(v3.4.4)i47 Spearman FHICES BT, THEA I R E(rs), XML P {54 Bonferroni 2 1E(FK:IE )5 P <0.05
R, FFLHIA IR,

3. 58
3.1. — IR

AHIFFESCON NG 1 2> ZRE BB AL 19 B, ZBARa 22 ), fRE ANEEZE 22 9, MERI. SR, Fikk
1E =210 2 R AT 5 B (P> 0.05), FEH o> 20 g 241K PANSS &7y TR, =S5 A gt
RN (P<0.01), WEI.

Table 1. Comparison of general data among patients with schizophrenia at different stages

= 1. TERAE#H O RIEBEN—ARER LR

151 @ P50, (%)] FRN(X £8S, %) F L, (%)] PANSS 4
i 5 4 37.4+7.68 ¥ H (X £9)
Skl 19 12(632%) 7 (36.8%) 45.68 +13.90 19 (94.7%)  1(5.3%) 71.05+8.02
A 22 12(54.5%) 10 (45.5%) 5336+ 10.14 22 (100%)  0(0%)  49.00+2.10
R RE N 22 7(31.8%) 15 (68.2%) 46.36 +5.05 22 (100%) 0 (0%)
RS gt s =439 F=3.177 72=2353 t=12.678
P1d 0.111 0.055 0.308 <0.01

3.2. FEIRHIEHIZUESE R BRI BAZAME LPS /KB M (P25, P75))

AN [ IS SR e o 40 R O I LPS /KT [EtE4 29.82 (28.18, 32.40), 2R 29.36 (27.22, 31.21)]
Y TR ATEZL[19.90 (18.26, 21.48)], ZESFEAGITFE (P < 0.05). {EAGH 7> 285 g Sk 4l fgg
R M2 LPS /KPR LG (P =0.263), ZREME 1.
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(B FE(P25~P75), FAMRH LK PALE M), BN TR R LPS SE{E; HMSil 258
TESHE: #**FR P<0.001, ***F R P<0.0001, Kir*EmsP>0.05,

Figure 1. Plasma LPS levels in patients with schizophrenia at different stages and healthy control group

1. NERTEARE# S RUE R E R 2R BRA BRI LPS kF

3.3. FRIEHEHIRET ENMEREF ST

A B C
Student's t-test of ACE index Student's t-test of Chaol index Student's t-test of Shannon index
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e MUARKR R EATFR, A SRS SR MA, B RS 2E S EH, HALFR AR alpha
SRR ETE . LB, BF/SS LT f I TR 2R: B U447 $0 (Interquartile range, IQR);
PRI A bR RORE/NAEE(LS 510 IQR): £ B NUZMAMTI R RoRrEE.
T BGEL BB T RS0 PAECE PAE > 0.05 MERANER P 1H).

Figure 2. Differential analysis of Alpha diversity indices in patients with schizophrenia at different stages

2. TEIRHIEHD RIERE Alpha ZHMIERER S
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K 10 ZUE RV L AN ZE AR A 23 T 6 Y 2,303,622 26 RUFEHIAN 2,131,755 2B RUF5 . ML REA S
15 59,781 MNEEME /> 2 875 (operational taxonomic unit, OTU), 55 2 1. 45 M. 124 MH. 838 4
Bl 2252 M@ K 5174 AN AEFFCRA: Chaol. Ace. Shannon. Simpson. PD whole tree $5 %5 & FE
A Alpha ZAEME, DUORIFASFEAR MR EEEMZFEME. W 2(A)~O)FR, KD ZUESHA Ace
Fe¥(t=2.174, P=0.038). Chaol #E%(t=2.176, P =0.038). Shannon F&¥j(t =2.440, P =0.023) B & & T &%
e, Z5 R G EE (P <0.05). Simpson fRE(HE LA 2(D)). PD_whole_tree $5%(¥ WL I 2(E) P2
[ 2 T gi vt 2 = (P > 0.05) . £ T INAX UniFrac #5475 1) 32 AL FR 73 #1i%(principal coordinates analysis, PCoA)
G HTAN [ B SRS A 73 R0E B8 K I TE T Beta Z24EME, Z RIS FE (P > 0.05), Z5RFENE 3.
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Figure 3. Principal coordinates analysis (PCoA) based on the weighted UniFrac metric in patients with schizophrenia at dif-
ferent stages

3. NEIRTEATE 93 Z4AE R H E T Y UniFrac $8#RAY(principal coordinates analysis, PCoA)ZE 4 ¥R 5347

3.4. FEIFASHSRIERENMERFERRIMER S

TR B BT, W 4(A) 7R, TETTKSP b, R #2080 St 2 B R R AR OGS =6 B2 o5 BT i
B KON 2 BE B [ ] (Firmicutes, 52.82%). 28 1# | ](Proteobacteria, 14.10%). 2k 5 [ ](Actinobacteriota,
15.44%) AT B 1] (Bacteroidota, 10.77%) FRHT 14 [ ](Acidobacteriota, 00.90%). i % fift 2H 2y JE BE B4 ']
(52-81%) AF T 1 1(21.05%)~ L B T 1(13.63%)~ KT 171(6.93%)~ FEH B [ T(Verrucomicrobiota, 2.37%)
W 4B) AR, fEBAKCE b, SR R RE AR =5 R o EU T A B AR IR A 55 R K 1R (Blautia, 8.89%)
/INKi 1 J& (Subdoligranulum, 6.25%) XS 1 J& (Bifidobacterium, 5.91%) #% £k 1% J& (Streptococcus, 5.16%)
A FF i J& (Psychrobacter, 4.74%) . 2% fift 2 4K VR 52 ¥4 FF 6 J& (Psychrobacter, 13.10%)~ A7 55 4% K B J& (Blautia,
10.18%)~ XU AT 1 & (Bifidobacterium, 5.93%)- 7N B J& (Subdoligranulum, 4.78%) % K B J& (Streptococcus,
4.17%).
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A B
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g mChloroflexi S = Ligilactobacillus
g m Fusobacteriota § = Limosilactobacillus
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'«5 40% mVerrucomicrobiota g 40%1 m Streptococcus
E mBacteroidota § m Subdoligranulum
20% A m Actinobacteriota 20% 1 m Bifidobacterium
mProteobacteria m Psychrobacter
0% - mFirmicutes 0% = Blautia
A Group B A Group

T BARARIROR A, A ARSI RAER MR, B RS 2O SR HABARFTR YRR 5 7 b

Figure 4. Distribution of gut microbiota at the phylum level (A) and genus level (B) in patients with schizophrenia at different
stages

E 4. TEIFEEHS REBRENBERR 1K F(AMBKFEB)DH

XA A o ZRE S T 7 R RE O R 2 % 4 ) 43 #T (line discriminant analysis, (LDA) effect size,
LEfSe), LAGLIH#&56 P <0.05 H2& 4 #1543 #T(linear discriminant analysis, LDA)RUN & >2.0 Ak briE,
RIAE 255 210 1, WFFE 1 1(p_Bacteroidota, P = 0.03, LDA = 4.34). T4 (c_Bacteroidia, P = 0.03,
LDA = 4.34). #J#T1 H(o_Bacteroidales, P = 0.015, LDA = 4.37)iX 3 N3 25/K T (28 BECEAS 1 20 ZL0E Sk
HA H) T BRI B B ERRHE, 451 WIE 5,

A

o_Bacteroidales

p_Bacteroidota

¢_Bacteroidia

o -
—_
R —-
W

LDA SCORE (log 10)

TE: YARFR LRI R AT 835 22 5 100 KT, REARAR I LAZR Y B B JR 7R 2% 73 S A T0H) LDA 73 W #3073
RETUIL IR ER DT HEY, KEMKERWZ KR E R, FIRENIERR 7120 AT N
FERGRIREA M H . A KSR X ZOE SR

Figure 5. Comparison of differential microbiota between the two groups of patients with schizophrenia at different stages

5. FRIEEIEH D RIEBEHBEREEHELER

3.5. FREIRHIEHSZUES ZEHEREF S MR LPS /KFHMEX TS

K Spearman AHCArHT R I, K # o B SUME AL B I LPS /K5 2 R B ST B T
(p_Bacteroidota, r = 0.679, P < 0.05). flFF#4(c_Bacteroidia, r = 0.679, P < 0.05). fl#F 1% H (c_Bacteroidia,
r=0.725,P<0.05) 2 IEAHK, SHEFEARXF L & HaT A9 BT B T T (Acidobacteriota, r = 0.623, P < 0.05).
72115 J& (Psychrobacter, r = 0.537, P < 0.05) 2 IEAHIC . A5 #73 RURE L AR 20 A8 I LK LPS 7K1 5 22 S R
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AT ] (p_Bacteroidota, r = 0.563, P < 0.05). T 44(c_Bacteroidia, r = 0.563, P < 0.05) 2 1IEAHK, 45R

LK 6.
=S| EfR A
LPS * * ‘ *
p_Bacteroidota * *
Firmicutes * * >R * e &3
Proteobacteria * * x 005
p<0.
Actinobacteriota * . * €5 |.
. . * Cor
Verrucomicrobiota * E . 1.0
Acidobacteriota * * * = 0.5
¢_Bacteroidia * * 0.0
o Bacteroidales * * - -0.5
Psychrobacter lE* *k* * -1.0
Streptococcus * * * * *
Subdoligranulum * * *|*
Bifidobacterium * * *
D o WD D DD > S O D > WD P DD D S O
N S A N SO S A O
Q’}o‘\ \o“o‘bo .@f o&o & \@&0 0‘© So‘b 00 ‘D’Q Q‘}‘e‘ @&o\ xo“o{b'o c}@ 00 C’a\c xQ 0@ 60 00 ‘b‘Q C‘J@)
é§\<&®0 "O{Z"Q\ P o S P & AP &Q\ O A A @ xS o S
N N M e O IR MO O O AR
o EETE ITELES ) CEI TS
YVAQJ v °© S A% YVQQ‘

TE: KM Spearman AHSCIEFA B FEIR 1 AN R I SYIRG A 20 ROAE J 8 LK LPS 7K1 5 AN [F) I JYPA e 7 RO £8 35 4 18] 22 57
BEAE R TR KT A 2 5 5 P T T R AR e . +AURE R BA 4EiH 2 (P < 0.05),

Figure 6. Correlation analysis between gut microbiota and plasma LPS levels in patients with schizophrenia at different stages

6. NEIRAMEMSRIESREMERS S MK LPS KFHBX D

4. g

AT RGN T AR I RS #7040 B3 A3 LPS JK-F I I8 R AE 22 5%, IR T AR
AL LPS 7K Z [l B AH G o Chen SF[9]%%3 KL, A > 2U0E B LPS /KFm TH@ R R4, 5
ARG R—E, $ERiliZE LPS /K-F T imo] B8 2 A o 40 Z0E I B B2 AE W) 22 iE 2 —, LPS NS/ R 0E
JRE R A 4 B A R I M R o T 4 B R AR LPS LR INA S, "R S B IRE
i BRI Ih R ok 52 A8 A 3 B FU R WI[12] [13], K w40 2002 8 6 AR 00 T il B e R (10 T,
SEGEEEERN, EERREM, MR AISR I LPS NI AT RRE i e . ZEIGIREMR, fn R
GO ORI 204t vl 3 e I B R LA, 5 BT RS () R AR AR 14] . SRR I
WREREZAR, 15 LPS 5L ML . IR XIS, LPS M4 FETH s s i 2 20 M L & T WA
RS PR T 23, AR5 R S i R 52, LARELIT LPS S el 22 R K 05 . AT 95
R PR 8 SR FAE R BT 2 ¥ )T A B S R () SRS H A 1 SEI0 Ak B .

AT BRI, K4y B 2030 B % 78 B BE Alpha % BE1E(Chaol . Ace. Shannon $8%0) 5 2 &5 T 22
SR, TR O B R R A 2 2 5, %45 B 53 A BEAE R SOIRIE ) N5 4> BUIE BB Alpha Z4%
PEREAG. Beta ZREVETHR” AR7ERRME, IS 2B R K, SMANRRAREEARR, 5
PRSI TEL1 STR =M e BB, N KA MERFR S, AT S0I % PANSS W4 IR 4048, HH
H 2 ST 0 S A 8 O e g — e, Ay 2= R rl e SRR B RHIE A —8G H =, RS
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ZE5t, FHERANF 1615 5 A F B B AT DhRe, A 50 R A 16S rRNA I PRI 5 () = A8 34
WA RS, HORER BARIARI TR R R Tt K=, FEREMBRLEN, A AFEAEE
PEHT 19 61l SRR 22 ) /N T30 BEAE T 9T, BU/MRE AR B T BE B 2 BEPERHIEAS HE AR e M, B9 BE AL
RERERITH: K, RARNRBHAGELER R, AR SEHEERES A RN, RN
G, T HABEE RS E R TS A R B R E . TS ISR R R BB, X
SE IR 25 ] BRIE I 3 b AR A TBOR 2 SR e

TEARFFEH, FE#H o Z0E S 25 S 00 HH DUEBE T T AL B T TIRRIE, X — 2555 Ma S5 171 AL
SRR, RN A AR K-S 0 A B (15 B AR B I RE AR AR R ORI, IR SRR M RE AT T 259 4 B0
FEM B SEAMB R R o DXL M I, BRAT BRI 1A S ik SRS 23 R0 KB 3 W 1 A A o 67 21 T s
AT, TR MR R R B B2 AL . X — KRB DA W 745 AR BRAT 1 [ T7E g iR
AU e N b A7 AE [ 18], TRG i 43 SRE SR AR AN [RI B BOS AR M AR U 2R LI R, HOX M &K
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