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M E: [¥%] ZHA0E (major depressive disorder, MDD) & —#F % JL#) & KA54¥ & %, MDD
EHE SR FMHEEIR, IRV AR KE MDD E5 FMiEmRLANHE. (B8] &KE:S
KA R MDD & & 8 i AR AR R H B KOE AT AW Ao B MR R 0940 Kk, A MDD #9756 77 &
Bk, [ %] FEFENDRHRATEN 91 418 L AR MDD &4 A= 105 4 (AT R
# (healthy controls, HCs). &K/ 16S rRNA 3 B | 5 H AR Fe £ 915 & 5 AT 748 BEA B R. R
) B BX %, 9% 2R MY X 38 (enzyme linked immunosorbent assay, ELISA)4& |4t Bl fn 548 C R & &
(high-sensitivity C-reactive protein, hs-CRP). & & 2/~%-1B (interleukin-1B, IL-1p). & @ f@N~% -6
(interleukin-6, IL-6). & %@ & /A~%-10 (interleukin-10, IL-10)7#= A% /& 3% 5%& B F -a (tumor necrosis
factor-o, TNF-a); & F § M J2 K3 & & & (gastrointestinal symptom rating scale, GSRS)A=iX 55 R # 1p
AR & %& (Hamilton depression scale, HAMD) 4 3| 3%4% § My i Jz K Fedp AR K 69 = E42 . [4XR]

Fi7 MDD &A&#MHEA FmEmR, RRTH, Tk, Bk Z 2 R8T 70%. 5 HCs
ARk, MDD &4 41 JE fot hs-CRP K-F 81 2 7+ % (P<0.05); WA XA MARA o ZHKERB 2
MM AR S £ F(P<0.05). EBEKPFL, MDD AP X HE. FHFSLTHE. WEHE
B, AR E. ALBE. SKAE. LBRPE. # ot FH B, Candidatus Xiphinematobacter
#= Chthoniobacter #94a%t F E42 &, MATHE. S 44FH B, SMB53. RAHE. REE. LK
HE. FHRAE. ETEBE. BEARALE. IMEE. FHATH BA R 45 KE &oymtF 24
K., MAMSMEANTHREAR. FHREAE. S| ATH BT FELE hs-CRP. HAMD-17 &
2. GSRS ¥4 % GSRS 3 4% B £ fi 48 £(P<0.05). [#4+1 MDD & 44 F @ hs-CRP # &, &
Aoy EA AL hs-CRP. AR R A= F Wy @R bR % .
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Gut microbiota in patients with first-episode major depressive
disorder: composition and correlations with gastrointestinal
symptoms
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Abstract: [Background] Major depressive disorder (MDD) is a common major mental disorder
and most MDD patients have gastrointestinal (GI) symptoms. However, little is known about
the occurrence mechanisms of GI symptoms in MDD. [Objective] To explore the gut
microbiota composition and its correlations with inflammation markers and GI symptoms in the
patients with first-episode MDD, providing a theoretical basis for the treatment of MDD.
[Methods] The participants included 91 (first-episode, drug-naive MDD patients and
105 healthy controls (HCs). The 16S rRNA gene sequencing and bioinformatics tools were
employed to reveal the composition of fecal microbiota. The levels of high-sensitivity
C-reactive protein (hs-CRP), interleukin-1 beta (IL-1B), IL-6, IL-10, and tumor necrosis
factor-alpha (TNF-a) in the peripheral blood were measured via enzyme-linked immunosorbent
assay (ELISA). Gastrointestinal symptom rating scale (GSRS) and Hamilton depression scale
(HAMD) were used to evaluate the severity of GI symptoms and depression symptoms,
respectively. [Results] All the MDD patients were accompanied by GI symptoms, and the
incidence of anorexia, early satiety, nausea, and vomiting was higher than 70%. Compared with
HCs, MDD patients had elevated level of hs-CRP and showed different alpha diversity and beta
diversity of gut microbiota (P<0.05). Linear discriminant analysis effect size (LEfSe) showed that
MDD patients had higher relative abundance of Geodermatophilus, Alloscardovia,
Bifidobacterium, Blautia, Leptothrix, Rubrivivax, Massilia, Haemophilus, Candidatus
Xiphinematobacter, and Chthoniobacter and lower relative abundance of Bacteroides,
Parabacteroides, SVIB53, Anaerostipes, Clostridium, Lachnospira, Roseburia, Faecalibacterium,
Ruminococcus, Dialister, Phascolarctobacterium, and Sutterella. Furthermore, the correlation
analysis revealed that the relative abundance of Roseburia, Sutterella, and Parabacteroides were
negatively correlated with hs-CRP, total score of HAMD-17, and the total score and some item
scores of GSRS (P<0.05). [Conclusion] This study demonstrates that compared with HCs, MDD
patients showed elevated hs-CRP. The altered gut microbiota is closely associated with hs-CRP
and depression and GI symptoms in MDD patients.

Keywords: major depressive disorder; gastrointestinal symptoms; gut microbiota; gut-brain axis;
high-sensitivity C-reactive protein (hs-CRP)
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P AIABAE (major depressive disorder, MDD)
SERCE LR P Z — , 7EH Bl MDD 9 A
ZHy 3.4% N, BRIGEAAEEIRSN, MDD B3
WO EE B IERER, MERCRR . B . Bk
FVEARSE, HH W B R S A IR oy ™ & %
FERUIROCR. B R Bt 70%0 MDD B &
P E BRIk, Jf B W E R R AR
HARS. BRI . EE AR, KRIRF S
AL RSB i S AEARSED) [RREH, 8 B T
BB A S BB RE AR Y . — 00 R 9T
B, A0 AR AE 7E W B W 25 & AE (irritable bowel
syndrome, IBS)FIIE IR & & s w B k]
W, AREER S B B R B VA O . A EdE R
B, PR AE £ 8 A AT AN B i e AR T e HAA 2
] P A FRAIL T, FLHL AT BV B ph 28 PN 43
Wh, AN GRE | A PR RN e 2 T AR

AR, R Z IR R, A ME
Y AERE P B 05 1 & A RN ki b R PR R B SR
FAUTSL, J T AR A SO AR S MDD T A
g A, AT LA A iz - ki 5 o i S %) 1 2 BE RN
11RO, — A EE L 2 A TR R R R T RE
WTE MR RN AR SRE R MY TRl RE L, i B
B AL 5T 2 B W 8 50 A S 1 18 AR
Ao, SR, BT R ISR MDD B
%8 g 3 A ) A 5 BT ) AE NN
TEREARAH G

ARV T H A ARIBITH) MDD B34 W
T R RRHE , 25000 1 228 i 18 T R 2
5 RIEAR AN E W R RAE DG, A T
WEEAH ) MDD B8 B PIARAE AR F1 'S 7y 16 4E
R4 TR

P

1.1 ##
E4E 2019 4F 12 2022 4F 4 A7E LIPS ER}

R — BB A RE02 B9 & A HEbR i
f MDD i # 91 14

ANHARME: (1) FF56 £ ERE M RRHZ T S 50
THF W 4 fi(Diagnostic and Statistical Manual
of Mental Disorders, fourth edition, DSM-IV)
HYEMAR RS2 B AR s Q) B R KRIGIT
(3) 18 H<AFH’<50 %5 (4) PUA/RITHIVAREEZR 17 Ji
(Hamilton depression scale-17, HAMD-17) &L
43>17 432,

HEBRbRME: (1) BAHARMER; Q) &
A HAIKAARE G, JUHE B ; 3) A E
H A 5 (4) A HAb Y B0 =
P& (5) FKIGs . SCHRERT . Ao 2L0E 554
PRPIR G R ; (6) IRYT L fdlt 1 A N
HHUER . AW ISR () &
B RS LA Lot s (8) FEid £ 90d NE
L2t — s KRR s e 25 1 AE NS
2 W K UL Bl R A5

S AEAT BRI B2 T SR 0 B
(healthy controls, HCs) 105 #4 . HEF&#A5#E[R] MDD
H.MHZ H5EES SRARATHEE T B
A A5 o A5 345 LG BE R R 256 — R B Y
eI 51 2ot E(K-K004) .

OMEGA Soil DNA Kit, OMEGA Bio-Tek /A
Al L C O F (high-sensitivity C-reactive
protein, hs-CRP) ., H 442 -1p (interleukin-1,
IL-1B). FAZfi4 % -6 (interleukin-6, IL-6) . 14
/-2 -10 (interleukin-10, IL-10)F1J8 SRFE A
“F-a (tumor necrosis factor-a, TNF-o) ) I G5
WK Kt 156 (enzyme linked immunosorbent assay,
ELISA) MG &, VSRR BRA .
JifbR 7M1, Rayto 23 F]; NanoDrop One 43t
&1, ThermoFisher A H]
1.2 BREERITM

K M B Wik Mk F € 1= 57 (gastrointestinal
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symptom rating scale, GSRS)¥FA B 7B AE IR )
FEE AR . GSRS H T PEAL B M B 1 H I
FER™L B 15 A4 E, BASKERA 0-3 4
() 4 oy, MRS BO I AERFREE R . 0 K
TCREAR; 1R, AR, 2 B, di
BWREAR s 3 TR, AERFREAEAE . Mo
FATXT GSRS T — /N & i, BRI 22k It i 35
HEE 4 T ISR AR, B T AR AR
PRk 2 0, fif LB E A PEAG MDD 1 15 B e AR
1.3 FEEMIMBRHFERBE

WAEZ IR B BEREA 2 mg, I RIS AR
—80 °CVK#, HTFBHiEMAEDEN ., TER
6:30-7:30 >RAE 255 MK M 10 mL, # T 10 mL
FoseEh, LA 3 500 r/min A% 5E B0 10 min 43
BAENH, T80 °CYKAEI-AE, it ELISA
R 4 RE FF hs-CRP, IL-1f, IL-6. IL-10 Al
TNF-a.,
1.4 FE(EH A DNA 2B, 16S rRNA £ [HF
MEFEREMEERZHESH

Fi BB 548 F OMEGA Soil DNA Kit $2
BB 4] DNA FEA, IFFE-20 °CF R FF. 2R
J5i i il NanoDrop One 436G 1T 4E i DNA, 3F
I 0.8%I R W BE A HL VK I . DNA A 5 1) 58
LR KN, LIANEE 16S rRNA JEH ) V3-V4
A AR X A N #ERR, LA 338F (5-ACTCCTACGG
GAGGCAGCA-3")F1 806R (5'-GGACTACHVGG
GTWTCTAAT-3") k5%, i A Illumina NovaSeq
PE250 #F47 PCR " ¥4 F0U ¥ SO il £ - PCR L
WAKZ (25 uL): Sxbuffer 5 L, dNTPs (2.5 mmol/L)
2pL, b, FUET (10 pmol/L)#% 1 uL, DNA 5
M 1 puL, ddH,0 14.75 pL, FastPfu DNA
polymerase (5 U/uL) 0.25 uL. PCR JZ i 5514
98 °C 5 min; 98°C30s, 53°C30s, 72°C45s,
25 MEFR; 72 °C 5 min.

K QIIME 2 #:(v2019. 1) %0 e 1)

HEAT B4 Ko 35/ 73 25 B ot (operational taxonomic
unit, OTU)EZE, OTU fLEFF]E5 Greengenes
Bl PEJEAT HEXS o34, REC OTU R0 732 B
JLCELAET 140 H A} Ja i) B AR 1) 2 A5 L o

8 ] QUIME 2 (V2019.1)i144 o F1 p AL
fEbn . o ZHEPEFE %% Shannon 4541 .
Simpson 5% . observed species #5%{. Chaol &
¥ . Faith $5%% . Pieclous Y925 3840 Goods 78
TSR SRAFET Jaccard AEMRUEAEE &L
4t R (non-metric multidimensional
NMDS) 7k T B e . SRAIZet A5 7
Hr(linear discriminant analysis effect size, LEfSe)%&
& MDD Fl HCs Z[A] 22 % & J& , {#iH Spearman #H
KA EZE RS . MR AR A
W iBRER Z RN AIAHDCH % . f#H GenesCloud F2/7
(https://www.genescloud.cn/chart/CorHeatmap) 4= Ji{,
AHOCHE PR HIAL
1.5 Zitorih

FIT G 43 M ¥ 08 FH SPSS23 B AR5 Al . R A
SRRt KGIR BT AL AR . R EE AR
HAMD-17 573 Fl B iR fe = . KRR
Jr K I LR AL ) M 531 25 57 . P<0.05 (U )3RoR
22 A G R o 2RI Pearson B Spearman
Ikt 2R E R E . RUERF | IR RER AT
B

2 ZERE54

21 —fAOZEM. KHEEREIERRK
FEAR

P 2R Z AR RS | VRS IR EE 7
TG4 X, {5 MDD & (-2 2 F F R
B /> F HCs (P<0.001), MDD Z1fJ HAMD-17
Al GSRS &3 B 5 F HCs 4 (P<0.001), MDD
B E SN I hs-CRP 7K - L B & /& F HCs
(P<0.001), {HWiH[E] IL-1B . IL-6. IL-10 £l TNF-a

scaling,
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ERIG ¥ L(P>0.05) (% 1), TR IR | HEE R g RS ik, ok A
A MDD AR B EER, £ F05h 82.42% . 74.73%. 70.33%. 52.75%Fll
16 A~ B ek, HEA T 5 A AR % . 43.96% (3 2).

%1 MDD BEF HCs —fRERILE
Table 1 Comparison of general information between MDD patients and HCs

Basic information MDD (n=91) HCs (n=105) t/y? P
Gender, male/female 57/34 63/42 0.143 0.705?
Age (years) 22.30+7.04 23.74+3.31 1.880 0.062°
Level of education completed (years) 12.86+3.45 16.70+2.08 9.558 0.001
Body mass index 21.1743.22 21.72+3.38 1.173 0.242°
HAMD-17 24.80+6.18 2.21+3.98 33.817 0.001 "%
GSRS 9.40+6.29 1.58+2.34 11.832 0.001 "
hs-CRP (ng/mL) 131.75422.96 99.50+21.96 9.550 0.001 "
IL-1B (pg/mL) 183.89+39.34 179.44+36.15 0.784 0.434°
IL-6 (pg/mL) 119.24+27.09 120.35+24.76 0.285 0.776°
IL-10 (pg/mL) 160.17+27.52 161.25+29.11 0.254 0.800°
TNF-0 (pg/mL) 473.25+114.78 486.12+102.14 0.788 0.432°

YRR O WREA CRRE: . AR

% P value for chi-square test; *: P values for two-sample t-test; *: Significant difference.

*2 MDD BEPEMEERLER
Table 2 Incidence of GI symptoms in patients with MDD

Item Severity degree (number of people) Number of Incidence of
Number Occasional Frequent and Persistent people with gastrointestinal

of short prolonged severe gastrointestinal ~ symptoms (%)
duration discomfort discomfort symptoms

Abdominal pain 56 28 7 0 35 38.46

Abdominal distension 51 28 7 5 40 43.96

Heartburn 64 21 3 3 27 29.67

Acid regurgitation 52 35 3 1 39 42.86

Nausea and vomiting 27 45 14 5 64 70.33

Anorexia 16 37 30 8 75 82.42

Early satiation 33 39 15 4 68 74.73

Eructation 61 20 8 2 30 32.97

Borborygmus 68 17 5 1 23 25.27

Increased flatus 55 28 7 1 36 39.56

Decreased passage of stools 56 28 3 4 35 38.46

Increased passage of stools 84 7 0 0 7 7.69

Loose stools 62 15 10 4 29 31.87

Hard stools 49 18 4 11 33 36.26

Urgent need for defecation 60 24 7 0 31 34.07

Feeling of incomplete 43 29 14 5 48 52.75

evacuation
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2.2 MDD £ &7 HCs iZBEEFLA K {H#2H 8] Shannon $5%X . observed species 548 .
o ZFEVESMT R, MDD BE ) Simpson  Chaol #5%% . Faith F§%0F1 Goods 7 36 s ki 2=
FREA Pielous 5] BEFREUIMNT HCs (P<0.05), R4 i2#E L (P>0.05) (K 1),

A B C D
Chaol Faith pd Goods_coverage Shannon
P=0.45 aoL P=0.62 i P=0.24 I P=0.28
o & o Lo 1.00
6000 I o @
@
| ° 300
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® 9 L o
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Figure 1 Difference of alpha diversity between MDD patients and HCs. *: P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MGG S R B PRSI AE R i T8 R 2 R S S 18 e e IR AR A SR 3581

T Jaccard AEAHRUE ) NMDS B ZH:4: 43
Wi Bt MDD &5 HCs {1738 B A7 7E
BE (A 2).

LEfSe /TR, 1EE/AK- I, MDD ZHH g
. SR 2ERE . SUEATRE . AisEE
WE . BzzE)E . AKEE. DIEEE . AT
J& . Candidatus Xiphinematobacter F1 Chthoniobacter
X F R, M EE . BT EE
SMB53. [REHE . WEKEE. EREE. F W
KRR . TR . WEREE . MIEE. %
P AT TR S PR G TR B AR X =F BEREAIR (A 3)
23 EZMEER. hs-CRP. HIHBERK
B FEER < BRI XM

N T E U A& , BT MDD R (Y
TS R 0 5 W 1 R PR 70 A A e (] g B A
BEHL], AWFFE A TAHIC 3T R B IR TR
[ AT ) N R VR R ) R RO R R A (R DO
JE5 hs-CRP WJE R GAHS(P<0.05), [FR, %
Wr ICTE R 54 I & AT 8 A X =F
5 HAMD-17 243 . GSRS &4 H1 GSRS #54%

H ¥ > & 11 M 56 (P<0.05) . hs-CRP ¥k J¥ 5
HAMD-17 £.43. GSRS 543 H1 GSRS #4345 H
P45 IEAHE(P<0.05), HAMD-17 54+ 5 GSRS
A3 HT GSRS H 14 A~ 2% HIESr S 1EAH I (P<0.05)
(1 4)o
3 itk
3.1 MDD EHSNI M hs-CRP A5

AW LB, 5 HCs A, MDD £l hs-CRP
TR S T v o VAIIE A 28 S e (30T 1995 4F
PR e BRI, KREEE R
B RAES MDD [ & 4 & e s bl ol
MDD 51t 4 4 i R34 5 ¢, 4 IL-6 . TNF-a
I hs-CRP 2511 22 B 51 % Fh A AE RS AR AU AR A2
PE . HERRVERIRT ATV, 58 4 il A B rhcs

(Centers for Disease Control and Prevention, CDC)
55 3% [# .0 I P 2> (American Heart Association,

AHA)EZAFE hs-CRP AE I RN L T A 528
I RIETEARY, HIE hs-CRP J&—MEaE IR
fr, AILLS e MDD B E HLA AR A SRS

Stress=0.166

201 oHC
]
1.0 |
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=
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Figure 2 Difference of beta diversity between MDD patients and HCs.
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The current LDA threshold is 2.57
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g Dialister

f Clostridiaceae

f  Ruminococcaceae_g_ Ruminococcus
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f Desulfovibrionaceae
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p__Actinobacteria
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Figure 3 Taxonomic biomarkers found by LEfSe in MDD patients and HCs. Horizontal coordinate numbers
represent the LDA scores for significantly different abundant taxa.
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Figure 4 The heatmaps of Spearman correlation coefficient matrix between significant different gut bacteria
genera and hs-CRP, the HAMD-17, the total score and some items of GSRS in all subjects. *: P<0.05,

**: P<0.01, ***: P<0.001.
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Wi R — RIS ARG, W REZ B &M R
FORZIR, ANAERS | A% . IR R R 2E R R
IEAh, —SEWT 5T R AR Y, RIPAL SRR 2
Pyt I A PR I s B
3.3 FEAMWBMEERS hs-CRP. HIHRLE
KF1 B ERERAHE XS

E— 2B 5T R BLE W TR TA s | 5% X s A
RIHUAT )& B A X “EJE 5 hs-CRP . HAMD-17
K43, GSRS 43I GSRS #8434 H 2 fAH
5 PR IR & TR RE D IR AR T H BARRH,
LA PR A AR I R, AR . IR A T R,
FEENR N A PR MERRY, BRI R R
T BASIEH, LRI, HS B HE . FEIG
ZEAME AR SR A AT Y, — Sy e 4
% %% (ulcerative colitis, UC) & 2 AL A% It R BA 5]
WE9E R, BHE IR TR & 1Y 2 E 518 32 480 40 A P
U S B AR SCET B PURF R O % R
M. AL MDY B R E AT L
W TNF-o, IL-6. IL-17. IL-12 s T4k
-y (interferon-y, IFN-y) RS HORE i e R A
FER NP, Ak, — e R B E A 2
24 24 )50E A B B (mitogen activated protein
kinases, MAPK)FI#%[Xl§--xB (nuclear factor-xB,
NF-kB)f 53 I K 22 fif I 1 A A (8 0 100, 25
BRRIR, B IR B R JE A R R
K- REAR T BEAR E S RE B, I ilE— 2B 5 1M
IS ST PR A0 g TR

AT E R T 1 & ARIRITH) MDD
HERALW I E RS A A g AR Y
KER, BA—EMRHE, BWAre R, &
Je, AT 16S rRNA K 2 AE I
FJw K-, B AAE AP ER G PR K R SCHERUE
Yool GER B Uk, AP IR GSRS JE 2
BB RAS, BARIE S MDD &3 B B aeR
AIPEAL , EHCAR BE RIS R 2P . FRI, TR

U 3 A AR ) ZEL BN S REAT 25 R,
ABEFEARXT 52 I R B G, Xl fig
ESEVIEMIBEE S-S

4 Hik

ZWFFE R, MDD BEFI miE R
HEZALF hs-CRP /KF-J1E . MDD & b s
FI 7B EEE S hs-CRP /K| MARAER A i
iEAR B VIAH O
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