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Fig. 1 Computational process of the MeSH-based method

This figure shows the calculation process of vector expression of gene g. d; represent papers related to gene g, while ¢ is the count of related papers. For

each paper, there are different MeSH terms in PubMed annotated for them. M is total count of MeSH terms. For MeSH,, 1 stand for that paper 1 contains

this MeSH terms, while 0 represent the opposite meaning. In this way, paper 1 can be represented asﬁ). So we can establish associations between genes

and MeSH terms according to combination of gene-papers association and papers-MeSH terms associations. Paper citations were taken into

consideration finally, d; is amended to the average number of citations.
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Fig. 3 The comparison of results from our MeSH-based method and GeneCards
The different data series on the horizontal axis represent the different associations between representative genes related to CRC and clinical terms. The
series N represents the results from Novoseek scoring algorithm (NSK, abbreviation), while the series P represent the results of our MeSH-based
method. In order to better compare their tendency, double vertical axis are used in this figure and the left one represents the NSK, while the right one

refers to our MeSH-based method.
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Table 1 Top 10 KEGG pathways covering the largest number of input genes

Pathways number Pathways name

Example genes

hsa05200 Pathways in cancer - Homo sapiens (human)

hsa05210 Colorectal cancer - Homo sapiens (human)

hsa01100 Metabolic pathways - Homo sapiens (human)

hsa04550 Signaling pathways regulating pluripotency of stem cells - Homo sapiens (human)
hsa03430 Mismatch repair - Homo sapiens (human)

hsa04390 Hippo signaling pathway - Homo sapiens (human)

hsa04514 Cell adhesion molecules (CAMs) - Homo sapiens (human)

hsa04510 Focal adhesion - Homo sapiens (human)

hsa05213 Endometrial cancer - Homo sapiens (human)

hsa04060 Cytokine-cytokine receptor interaction - Homo sapiens (human)

APC. LAMB1. MET. MLHL1 ezc.
APC. APC2. BAD. MLHI1 etc.
DLST. DPYD. HAL etc.
BMPR1A. BMPR1B. NODAL ezc.
MLH1. MLH3. MSH2. MSH3. MSHG etc.
TEAD1. APC2 eic.

ICAM2. CADMS etc.

LAMB1. BAD. JUN eic.

BAD. MLH1 etc.

MET ete.
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Table 3 TOP10 gene-clinic associations in our results
RelationID Genes Clinical terms CosValue Count of co-occurrence papers

1 APC Familial adenomatous polyposis 0.9728 1467

2 MTA1 Perineural invasion 0.9387 0

3 COLCA2 Colorectal undifferentiated carcinoma 0.9059 0

4 COLCAl Colorectal undifferentiated carcinoma 0.9030 0

5 IBD2 Colitis 0.8917 21

6 NODAL Perineural invasion 0.8858 23

7 IBD4 Colitis 0.8857 3

8 IBD3 Colitis 0.8823 16

9 NODAL Lymphatic metastases 0.8757 620

10 IBD3 Ulcerative colitis 0.8744 15
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A MeSH-based Biomedical Literature Mining Method for Exploring
Associations Between Genes and Clinical Terms’
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(College of Biomedical Engineering and Instrument Science, Key Laboratory of Biomedical Engineering of Ministry
of Education of China, Zhejiang University, Hangzhou 310027, China)

Abstract The causes and progressions of cancers have close associations with the mutations of genes in our
body, which lead to abnormal symptoms and detection indicators. Therefore, providing clinical decision support
for early diagnosis and precise treatment of cancers is very urgent and necessary, which can be achieved by mining
the associations between genes and clinical behaviors from conclusive biomedical literature data. A MeSH-based
(Medical Subject Headings, MeSH) method was proposed for biomedical objects association mining in this paper.
By using MeSH (which is provided in PubMed) to represent each object as a vector in the Vector Space Model and
taking the citations between articles into consideration, we translated the associations mining into mathematical
operating successfully. We finally obtained 203 genes and 462 associations related to colorectal cancer (CRC)
after applying our method in the associations mining between genes and clinical behaviors of CRC. In order to
analyze and verify the mining results, some bioinformatics tools, such as g:Profiler and KEGG were used for
functions and pathway analysis of genes. The results show that this MeSH-based method works robust in the
association mining. Besides removing the restriction of co-occurrence for the indirect associations mining, our
proposed method also avoid complex grammatical analysis which lead to massive calculation.

Key words literature mining, quantitative analysis, association mining, colorectal cancer, PubMed, medical
subject headings
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Table S1 Colorectal cancer related clinical Continued
terms used in this paper TermNo. Clinical term
TermNo. Clinical term 44 Intestinal polyps

1 Abdominal mass 45 Juvenile polyposis syndrome

2 Abdominal pain 46 Local neoplasm recurrence

3 Adenocarcinoma 47 Lymphatic metastases

4 Adenomatous polyposis coli 48 Lymphocyte count abnormal

5 Adenosgquamous carcinoma 49 Medullary carcinoma

6 Albumins 50 Metastases

7 Anemia 5] Mucinous adenocarcinoma

8 Appendicitis 52 Nausea

9 Ascites 53 Neutrophils decreased

10 Asthenia 54 Papillary adenocarcinoma

11 Backache 55 Papillary carcinoma

12 Blood glucose 56 perineural invasion

13 Blood urea nitrogen 57 Platelet count measurement

14 Body weight decreased 58 Schistosomiasis

15 CA-125 antigen 59 Signet ring cell carcinoma

16 Carcinoembryonic antigen 60 Small cell carcinoma

17 Carcinoid tumor 61 Squamous cell neoplasms

18 Carcinoma in situ 62 Tenesmus

19 Cholecystitis 63 Thymidylate synthase

20 Colitis 64 Ulcerative colitis

21 Colon carcinoma metastatic to the liver 65 Vomiting

22 Colorectal adenosquamous carcinoma 66 White blood cell count abnormal

23 Colorectal medullary carcinoma

24 Colorectal signet ring cell carcinoma

25 Colorectal small cell carcinoma

26 Colorectal squamous cell carcinoma

27 Colorectal undifferentiated carcinoma

28 Constipation

29 Creatinine

30 Crohn Disease

31 Diabetes mellitus

32 Diarrhea

33 Dyspepsia

34 Eosinophilia

35 Familial adenomatous polyposis

36 Fecal occult blood

37 Grade | colorectal adenocarcinoma

38 Hematochezia

39 Hemoglobin

40 Hereditary nonpolyposis colorectal neoplasms

41 High-Frequency microsatellite instability

42 Intestinal obstruction

43 Intestinal polyposis




