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Abstract
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Background and Aims: Methylenetetrahydrofolate dehydrogenase 1 (MTHFDI1) is essential in various
tumors. However, the role of MTHFD1 in pancreatic cancer remains unclear. This study was conducted
to explore the expression and clinical significance of MTHFDI1 in pancreatic cancer through
bioinformatics analysis and clinical sample validation, as well as to analyze its potential mechanisms of
action in pancreatic cancer.

Methods: The GEPIA2 online platform was used to analyze the differential expression of MTHFDI,
survival, and pathological stage in TCGA pancreatic cancer data, examining the relationship between
MTHFD1 expression and clinicopathologic features of pancreatic cancer patients. Univariate and
multivariate analyses were performed using the Cox proportional hazards model on TCGA data. GO,
KEGG, and GSEA analyses were conducted to predict the possible mechanisms of MTHFDI in
pancreatic cancer. The expression of MTHFDI in 80 cases of pancreatic cancer and adjacent tissues was
detected using immunohistochemistry, qRT-PCR, and Western blot and its expression with
clinicopathologic characteristics was analyzed.

Results: In the TCGA database, MTHFDI1 expression in pancreatic cancer tissues was significantly
higher than in normal tissues (P<0.05). High expression of MTHFD1 was significantly associated with
poor prognosis in pancreatic cancer patients (P=0.007). TCGA data indicated a close correlation between
MTHFDI1 expression and tumor stage (P<0.05). MTHFDI expression was identified as an independent
prognostic factor for pancreatic cancer (HR=1.777, P=0.01). GO, KEGG, and GSEA analyses showed
that MTHFD1 was related to the cell cycle, and correlation heatmaps indicated a strong association
between the MTHFDI gene and the cell cycle. In the TIMER database, MTHFDI1 expression level was
significantly correlated with various immune cells, including B cells, CD8" T cells, CD4" T cells,
macrophages, neutrophils, and dendritic cells (all P<0.05). The GDSC database revealed that patients
with low MTHFDI expression were more sensitive to various therapeutic agents than those with high
expression. In clinical pancreatic cancer specimens, the positive expression rate of MTHFDI and its
mRNA and protein levels were significantly higher in cancer tissues than in adjacent tissues (all P<0.05).
MTHFDI1 expression was associated with tumor differentiation, clinical stage, lymph node metastasis,
and neural infiltration (all P<0.05). Patients with high MTHFDI1 expression had significantly shorter
overall survival than those with low expression (P<0.05).

Conclusion: MTHFD1 is highly expressed in pancreatic cancer tissues and is associated with poor
prognosis. It may participate in the occurrence and development of pancreatic cancer through the cell
cycle and is related to the infiltration of tumor immune cells.

Pancreatic Neoplasms; Methylenetetrahydrofolate Dehydrogenase 1; Prognosis; Computational Biology
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Figure 1 Expressnon of MTHFD1 in pancreatic cancer tissue A: Analysis from the TCGA database; B: Immunohistochemical
detection in clinical samples; C: Western blot detection in clinical samples; D: qRT-PCR detection in clinical samples
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Figure 2 Relationship between MTHFD1 expression and prognosis in pancreatic cancer

sample analysis
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A: TCGAZMHT; B: I RFEA T
A: TCGA analysis; B: Clinical

F1 TCGAHIEHZREZE Cox BTSN HT

Table 1 Univariate and multivariate Cox regression analysis of TCGA data

5 0.319 1.230(0.818~1.849) — —
AR 0.230 1.285(0.853~1.937) = =
ST 4] 0.004 2.161(1.287~3.627) 0.029 2.102(1.079~4.094)
Jif9ea 53 4% 0.032 2.349(1.077~5.123) 0.607 0.772(0.288~2.069)
MTHFD1 0.001 2.008(1.318~3.058) 0.010 1.777(1.150~2.748)

2.3 MTHFD1 5pyESHIRIX &R

GEPIA2 78 28 F & %F TCGA B4 v i 95 38 43
HEFT R DGR 23 B, R IR R e RR E 0 BEAr
MTHFDI B k4054 (P<0.05) (&3), XF TCGA %k
P B I I RS BRAFAE AT 404, MTHFD1 Rik 5
fib e 3 W AH 58 (P=0.012) , T 5 8 MR 8% H 3 (0 4F
W ML PR A K. KR IR sk 0 AH O
(¥ P>0.05) (£2). 80flfF M 3, MTHFDI
FMRBERESRRECRE . KBS I
PR A DL B pp 22320 i 35 A G (35 P<0.05), 5
PR BB MO L AR L MR R R AR L R R A K
BRI WA (3 P0.05) (£3),
2.4 MTHFD1 7E &R BRE FRAB X AL HI 43 47

TCGA % ¥& ¢ b, if i Pearson ¥ 3k 15 5
MTHFD1 5[] f 3% #H OC 19 5 A i 17 GOl KEGG 43
Mr, TGO Hri sy FIIdE (BP) wiin 54005
ZURNA 22 57 Z4 40 i R 0T A 06 (P<0.05) (151 4A) ;
KEGG /M R /R SR HIA ¢ (P<0.05) (1514B).
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Figure 3 The relationship between MTHFD1 expression

and clinical stage
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K2 TCGAHIBESATTMTHFD1 RiZS5EEEEERKRBIBEFENERN (%) ]

Table 2 Analysis of the relationship between MTHFD1 expression and clinicopathologic features of pancreatic cancer patients
using the TCGA database [n (%)]

5 R #4215 (n=88) IRk (n=88) P
()
<65 42(47.7) 51(58.0)
0.174
=65 46(52.3) 37(42.0)
A5
X« 39(44.3) 40(45.5)
0.880
5 49(55.7) 48(54.5)
Jivigd o4
G1~G2 58(65.9) 68(77.3)
0.095
G3~G4 30(34.1) 20(22.7)
Jiege -
I~1IA 17(19.3) 32(36.4)
0.012
[IB~IV 71(80.7) 56(63.6)
Jibgea K i s
Jc 46(52.3) 41(46.6)
0.451
&l 42(47.7) 47(53.4)

R3 S0GIEREEENMTHFD] Rz SIERBIBIFENE R (%) |

Table 3 Relationship between MTHFD1 expression and clinical pathological features in 80 pancreatic cancer patients [n (%)]

R Ik (n=42) {RZRIL (n=38) X P
5
5 24(57.1) 20(52.6)
0.164 0.685
E’S 18(42.9) 18(47.4)
R ()
<60 14(33.3) 18(47.4)
1.637 0.201
>60 28(6.7) 20(52.6)
Jihed e K A% (em)
<5 21(50.0) 17(44.7)
0.222 0.638
>5 21(50.0) 21(55.3)
AR
= 15(35.7) 25(65.8)
7.218 0.007
1% 27(64.3) 13(34.2)
NRER T
7 19(45.2) 27(71.1)
5.440 0.020
11 23(54.8) 11(28.9)
k=22
7o 20(47.6) 14(36.8)
0.042 0.837
H 22(52.4) 24(63.2)
i PR3
I~1IA 19(45.2) 26(68.4)
4357 0.037
1B~V 23(54.8) 12(31.6)
PUEZYESTE|
T 21(50.0) 29(76.3)
5.895 0.015
f 21(50.0) 9(23.7)
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Figure 4 Analysis of MTHFD1 expression and related mechanisms

D: Correlation heatmap analysis
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A: GO/Mir; B: KEGGZ3#7; C: GSEAZM#T; D: AHICHEIE 34T

A: GO analysis; B: KEGG analysis; C: GSEA analysis;
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MTHFD1 FU 8 35 AR J5 1 4F A 77 R 5 il 48 i fL
(AUC) }0.644, 24EEAF 31 AUC 2 0.693, 5 4F
AR B AUC R 0.741 (E1 7).
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Figure 5 Analysis of MTHFD1 and immune infiltrating cells

6 MTHFD1REFMZYWH IC, 77
Figure 6 Analysis of MTHFD1 expression and drug IC,, values
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Figure 7 ROC curve of MTHFD1 in pancreatic cancer
tissues predicting postoperative survival rates of
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