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Value of a combined model based on ATM gene methylation of peripheral
blood mononuclear cells in the early diagnosis of pancreatic cancer
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Abstract: Objective To provide a new approach for the early diagnosis of pancreatic cancer by establishing and vali-
dating a combined diagnostic model for pancreatic cancer based on the methylation of the ataxia telangiectasia mutated

(ATM) gene and clinical test indicators using the random forest algorithm. Methods Retrospectively, 118 specimens
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of peripheral blood mononuclear cells (PBMCs) from pancreatic cancer patients ( pancreatic cancer group) and 73 spec-
imens from healthy controls (healthy control group) were collected and their clinical test results were recorded. They
were divided into discovery set, training set and validation set. In the discovery set, 935K methylation chip was used to
analyze the differentially methylated points (DMPs) of PBMCs samples from both groups. In the training set and valida-
tion set samples, pyrosequencing was used to validate the candidate DMPs. In the training set, random forest algorithm
was used for variable selection and to construct a combined diagnostic model. The diagnostic efficacy of the model in
pancreatic cancer at different stages and in patients with negative carbohydrate antigen 19-9 (CA19-9) was evaluated in
the validation set using the receiver operating characteristic (ROC) curve. Results The results of the DNA methylation
beadchip indicated that, with the screening condition of 1AB1 =0.1 and P<0.01, 132 differentially methylated points
(DMPs) were obtained. Among them, the methylation level of the ATM gene DMPs in PBMCs of the pancreatic
cancer group was significantly higher than that of the healthy control group, and it could distinguish the pancreatic
cancer group from the healthy control group (AUC=0.871, P<0.001). The pyrosequencing results further indicated that
the ATM gene DMPs in PBMCs of the pancreatic cancer group was in a high-methylation level. Based on the variable
ATM gene DMP, CA19-9, and albumin ( ALB),

obtained. In the training set and validation set, the expression level of CA19-9 was significantly increased in the pancreatic

selection of the random forest algorithm, three variables, were
cancer group (P<0.001), and the expression level of ALB was significantly decreased ( P<0.001). Using the expression
levels of the above three variables as features, the combined diagnostic model (" AmCA" ) constructed by random forest
in the training set had an AUC of 0.992 (95%CI; 0.952-1.000) for pancreatic cancer diagnosis. The AUC of the model in
the validation set was 0.982 (95%CI. 0.895-1.000) , which was superior to the AUC value of CA19-9 alone (0.840,
95%CTI. 0.705-0.930) ;
1.000(95%CI; 0.863-1.000) and 0.979 (95%CI. 0.840-1.000) for stage I and stage II pancreatic cancer, respectively.
The AUC of the model for diagnosing CA19-9-negative pancreatic cancer patients was 0.751 (95%CI. 0.639-0.843) ,

with a sensitivity of 52.2% and a specificity of 98.1%. Conclusion The ATM gene is hypermethylated in PBMCs of

the model had good diagnostic efficacy for early-stage pancreatic cancer, with AUC values of

pancreatic cancer patients. Characterized by ATM hypermethylation, high CA19-9 and low ALB levels, the combined
diagnostic model built with the random forest algorithm holds great clinical value for early pancreatic cancer diagnosis,
and can make up for the diagnostic deficiency of the conventional biomarker CA19-9.
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Histopaque-1077 Atk U4 41 i 73 25 9 W H 3
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saline, PBS) 4 A i [E i REFERF AR A 1L
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7 & B 2 E Zymo Research 24 H], PCR 91 5]
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Q48 AR X (F8[E Qiagen 23] ) , SEMHEEE
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1.2.1 [ as 2L Fnat B X B 2H 14 it PR 9 At

W P2 1) — R S LG AR5 A
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e e AR RN AR SR A 22 5 47 05 BIEER R
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AT I3 2 At B REZH - 35 H 34K PRI
1Y 25 5 H A S5 e LR . 1AB1 =0.1, H. P<0.01
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Table 1 Comparison of clinical data between pancreatic cancer group and healthy control group
Jige g 4L fRERREXT I 2]
HH R VIS WIESE Rt RAE VISE mEE b w2y P
(n=14) (n=72) (n=32) (n=118) (n=20) (n=37) (n=16) (n=73)
A 62.1£6.9 57.0+8.0 58.8+7.0 58.1x7.8 61.1x6.7 553+5.2 54.7+6.1 56.7+6.1 1.340 0.1819
P/ n( %) 0.181  0.6710
5 7(50.0) 47(65.3) 20(62.5) 74(62.7) 10(50.0) 28(75.7) 10(62.5) 48(65.8)

gy 7(50.0) 25(34.7) 12(37.5) 44(37.3)

10(50.0)

9(24.3)  6(37.5) 25(34.2)
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Figure 1

935K methylation microarray found differential sites and KEGG pathway enrichment analysis

A 935K chip differential methylation site volcano map; B: The methylation level of CpG sites in the vicinity of the TSS
region; C: Top 30 pathway maps for KEGG enrichment analysis of differential methylation sites.
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Figure 2 Screening and validation of ATM gene DMP at methylation site
A: The sorted bar chart of AUC values for the 5 DMPs genes identified through concentration screening; B: Comparison
of methylation levels of ATM gene DMP in the two groups on 935K chip; C: The expression of ATM gene DMP was
verified in both the training set and the validation set.
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Figure 3 Screening and inclusion of variable features based on random forest
A : Importance scores of 11 features in the random forest algorithm; B: Performance comparison after gradually incorpo-
rating the Top-N indicators into the model; C: The ALB serum expression values of the two groups in the training set and
validation set; D: The CA19-9 serum expression values in the training set and validation set of the two groups.
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Figure 4 ROC curves of the joint model and individual indicators on the training set ( A)and the validation set(B)
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Figure 5 The ROC curves of the combined model and a single variable for each stage of pancreatic cancer of validation set
A Stage | ; B: Stage Il ; C; Stage Il and IV.
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Figure 6 Diagnostic efficacy of " AmCA" combined model in patients with CA19-9 negative pancreatic cancer
A: The ROC curve of " AmCA" combined model for CA19-9 negative patients; B: Confusion matrix diagram of " Am-
CA" combined model for diagnosis of CA19-9 negative patients; C; Diagnostic scatterplot of " AmCA" combined model
for CA19-9 negative patients.
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