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Screening of Inosine Monophosphate Dehydrogenase 1 in Intestinal
Flora of Patients with Liver Metastasis from Colorectal Cancer and Its

Clinical Significance
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Abstract ; [ Objective | To explore the clinical significance of intestinal flora and its related metabolite inosine
monophosphate dehydrogenase 1(IMPDHI1) in liver metastasis of colorectal cancer(CRC). [Methods] The 16S
rDNA sequencing and liquid mass spectrometry were applied to screen metabolites of intestinal flora in feces
samples from 9 colorectal cancer patients with liver metastasis and 9 colorectal cancer patients without liver
metastasis. The screening results showed that Inosine 5'-Monophosphate might be associated with liver metas-
tasis in CRC patients. The data of IMPDH1 expression and its influence on clinical prognosis in CRC patients
were obtained from TCGA database and analyzed. [Results] Compared with CRC patients without liver metas-
tasis, the proportions of P. Sphingomonas, F. Bacillus, and A. Skermanella were significantly increased in
CRC patients with liver metastasis. Tax4Fun function prediction and non-targeted metabolomics analysis
showed that the IMPDH1 and other metabolites were increased in the CRC patients with liver metastasis, and
IMPDH1 was positively correlated with the abundance of F. Bacillus (r=0.564, P<0.05). As a key metabolic
enzyme of Inosine 5'-Monophosphate, MPDH1 was significantly elevated in CRC patients with liver metasta-
sis. According to the cut-off value of ROC(16.454 6), the CRC patients were divided into high and low expres-
sion groups of IMPDH1. The expression levels of IMPDH1 were significantly associated with TNM stages of
CRC patients (P<0.05). Multivariate regression results showed that TNM stage (HR=1.041, 95%CI:1.020~
1.063) and IMPDH1(HR=1.007, 95%CI:1.000~1.014) were independent risk factors for the prognosis of CRC
patients (P<0.05). After 11.69-year follow-up, the survival of CRC patients with high and low expression of
IMPDH1 were 15.2% and 31.8%, respectively(P=0.01). Follow-up for 6.86-year, the overall, 1, 3, 5-survival
of liver metastasis patients with high and low expression of IMPDHI1 were 0, 59.2%, 47.4%, 0 and 12.3%,
76.6%, 58.5%, 24.6%, respectively (P=0.03). [Conclusion] The increase of F. Bacillus abundance and its
related metabolite Inosine 5’ -Monophosphate may be associated with liver metastasis of CRC patients. The
high expression of IMPDH1 (a key metabolic enzyme of Inosine 5'-Monophosphate) may be a risk factor for
poor prognosis of CRC patients.

Subject words: colorectal cancer; liver melastasis; intestinal flora; Inosine 5’ -Monophosphate; inosine
monophosphate dehydrogenase 1
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140 5] ,N, 104 5] ;M 5337 .M, 479 1], M, 85 4], Fifiijil1
A TFTE 100 911, KR4 ROC HiZR AT (F (16454 6)
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MRI #3238 # B 26, Rk I CTAB = SDS i $2 i
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K HI SPSS 24.0 4t it #% # (IBM, Chicago , I1li-
nois,USA) #1 GraphPad Prism 8.02 {4 (GraphPad
Software Inc.,San Diego, California, USA ) #4744 53
Bro T BORER I B e i 25 R THECRORER
HREIR; R ¢ K50 B e 21 2 s 55 41 21
IMPDH1 )23k ; R Wilcoxon Bk A1 56 5+ 7 K
5573 IMPDHI 235 5 lhim R g AR AE 1Y OC 2% 5 R
R #F 44 Survival (1 survifit B0 IMPDH1 751
FRHAEFFN 2SS R Log-Rank 7 % 7PA% T
1] 19 25 57 5 Cox 181U 43 A7 G XU B 5 R A OC 6 B
PR o b 22 S 5 8 B AE 16S OTUs J& 7K
2% SRR AR T BEE A AH G . P<0.05 h2E A
Gt X,

2 #F R

21 FHBE—MABILR
A TN B TNM 731 22 A Ge it 5 X
(P=0.029), M # [ (62.749.2) % vs (61.649.6)% ,
t=0.251,P=0.805 ]t %I | g 0o B 5 B Oy ¢ T
S RN I E, 22 S TS i L (P>0.05)
(Table 1),
Table 1 General data of two groups[n(%)]

Index CRCLM CRCNLM P
Gender
Male 6(66.7)  7(77.8
1.000
Female 3(33.3)  2(22.2)
Tumor location
Colon 4(44.4)  3(33.3)
1.000
Rectum 5(55.6)  6(66.7
Pathological differentiation
Intermediate differentiation 8(88.9 7(77.8) 1000
Poorly differentiation 1(11.1 222.2)
TNM stage
[+1 0 5(55.6)
0.029
+1v 9(100.0)  4(44.4
T stage
T+T 3(33.3 4(44.4
e (33449 400
Ts+T, 6(66.7 5(55.6
N stage
I\ 4(44.4 5(55.6
0 A
N+N, 5(55.6) 4(44.4)

Notes: CRCLM : colorectal cancer with liver metastasis; CRCNLM ;
colorectal cancer with non liver metastasis
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Notes: A :PCA analysis of the difference in intestinal flora community composition between two groups; B:Horizontal species distribution
of intestinal flora at genus level in two groups; C:function enrichment analysis of differences of intestinal flora in two groups; D:LEfSe
analysis of intestinal flora at genus level between two groups (histogram of LDA value distribution and evolutionary branching); CRCLM :
colorectal cancer with liver metastasis ; CRCNLM ; colorectal cancer with non liver metastasis

Figure 1 Species abundance and difference analysis of intestinal flora between two groups
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tyric acid, ALIF*@%E2 (Inosine 5’'-Monophosphate )
% NI 331, M Quinic acid.2,5-Dihydroxyben-
zaldehyde  Vanillyl alcohol %5 (Figure 2)
24 MAREVERRERERSEZRNEYH
AR

3BT 1 T8 T 165 OTUs J& 7K - L7 24 22 5%
W R ST 20 22 AR AR OGP | TE f8s AU
5 78, P Microvirga 5 Methylimideazoleacetic
acid 2-Aminobenzenesulfonamide 5 IEAH3¢; F. Bacillus
5 N-Acetyl aspartic acid \N-Acetylgycine Inosine 5'-
Monophoshpate 2 1E 3¢ (r=0.712.0.561.0.564 , P
¥J<0.05) ; P. Massillia 5 3-Hydroxybutyric acid % 1F
AH5, M5 1-Methyladenosine 2 1 A ¢ (Figure 3)
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COAD FIREAD 7% 535 ) 275 BT 92 9], 1E %
G300 41 1R 10 ), 22 A4 Ge 2 5 L (P<0.05)
(Figure 4A ). TNMplot M 343 45 377 5 iE & 5 Fil
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IMPDH1 FRIk7E #8835 ey, HOROE CRC &
L8 T IEH B4 (P<0.01) (Figure 4B), ROC
4k 43 Hr 7R IMPDH1 2 W CRC 11 & 8% Ak 5
B 43 5 N 87.5% Al 73.0% ,ROC #h £& F 1 1 (area
under curve, AUC) N 0.564 , B Wi {EH & 16.454 6 (Fig-
ure 4C), IMPDH1 W7 iR & CRC 1Y &4 etk
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Notes: A ;overall analysis of metabolites of intestinal flora difference between two groups in pos- and neg-ion mode (volcano map);
analysis of metabolism of intestinal flora difference in two groups with pos- and neg-ion mode (heat map); CRCLM : colorectal cancer with liver

metastasis ; CRCNLM : colorectal cancer with non liver metastasis

Figure 2 Differences analysis of intestinal flora metabolism between two groups
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L (P<0.05) (Table 2), HL[H F 40 #7 7R, TNM 53
BT 4330 N 4380 M 4 1R IMPDHI 3 35 ¥ &

CRC TiJr i KRG K 2 (P<0.05) . 5 B IR 2 (0] U9 4 #r
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Figure 3 Correlation analysis of intestinal flora differential genes and differential metabolites in two groups
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Figure 4 Differential expression of IMPDH1 in CRC and normal patients

Mg 2 2e 7% 2023 445 29 5% 10

865




Journal of Chinese Oncology,2023,Vol.29,No.10

Table 2 Differences in clinicopathological characteristics of CRC
patients with high and low IMPDH1 expression[n(%) ]

IMPDHI mRNA expression

Index - X P
Low(n=85) High(n=479)
Age(years old)
<66 268  33(38.8) 235(49.1)
3.034 0.082
>66 296  52(61.2) 244(50.9)
Gender
Male 305  42(49.4) 263(54.9)
0.878 0.349
Female 259  43(50.6) 216(45.1)
TNM stage
[+0 310  60(70.6) 250(52.2)
9.869 0.002
M+1v 254 25(29.4) 229(47.8)
T stage
T+T, 117 75(88.2 42(8.8)
277.277 <0.001
Ts+T, 447 10(11.8 437(91.2)
N stage
No 320  58(66.7) 262(54.9)
4.132  0.042
N+N, 244 29(33.3 215(45.1)
M stage
M, 479  64(75.3) 415(86.6)
7.259  0.007
M, 85  21(24.7) 64(13.4)

Table 3 Cox regression analysis of prognostic risk factors and overall

survival in CRC patients

AEAFIEE] 1792 d (4.90 4F) |5 .10 4R A7 R0y
AR 61.4% 18.0% , Hrh, HVi 11.69 4F )5,
IMPDHI1 & &k B & B AR R K 152% ,1IM-
PDHI fRZRIL B H B AR N 31.8%, H ik
TEWF A 23 5 A2 792 d (7.64 4FE) F12 134 d
(5.85 %), 2 5 A Git2¢ 2 L (P=0.01), HJW
%2 IMPDH1 £ik X} CRC B & A1 %
W), %F 85 M3l JHF 5% B8 A AT BEOE A5 R R,
85 BI M & AT 72 B (84.7% )IM-
PDHI 3 ik 7t & ; Bl U5 2 504 d(6.86 ) )5,
IMPDHI &5 fI% 2235 I 76 B F8 3 19 AE A7 3800 30l
0 1 12.3% , h i A= AE B 435028 1096 d(3.00
) F1426 d(1.17 4F),1.3 .5 AR50
59.2% 47.4% .0 1 76.6% .58.5% .24.6% , 7% 5+
48115 L (P=0.03) (Figure 5)
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Univariate analysis

Multivariate analysis

JFIVE 22 8] B4 FH H G 2R 4 it T B AR

Risk factor

P A CRCLM F1 CRCNLM &

HR  95% CI P HR  95%CI P
Age 0.994 0.986~1.002 0.118 W T8 TR R B AR = TA) i 2% S AR
Gender 0.824 0.532~1276 0.386 BF 95 % B P. Citrobacter.P. Alphapro-
TNM stage 2479 1913-3213 <0.001 1041 1.020-1.063 <0001 00 0o st e CROTM o] 02
T . 874~4, : . 819~2. . . NV

e 2 e A 0 O i, ek
M stage 5438 3285-9.001 <0.001 2205 0.783~5.234 0.146 WIICKIL IMPDHI JE BRI 1T e 4
IMPDHI expression  2.018 1.010~2.064 0.039 1.007 1.000~1.014 0.045 G A OCHERE , HA 35 IR RS FI

Notes : CRC :colorectal cancer;HR :hazard ratio; CI:confidence interval
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Figure 5 Effect of IMPDHI expression on overall survival in patients with CRC and CRCLM
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