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Abstract - The copious volumes of biomedical literature
being generated have created a need for the development of
text mining algorithms to identify and extract and pertinent
biological information. This pilot study demonstrates a
computational linguistics approach to identifying genes,
proteins, and other biological factors that are associated with
the development and progression of lung cancer.
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1 Introduction

Over the course of the last couple of decades the
biomedical sciences have undergone an explosion in the
amount of biomedical literature that is published, with
indexes of biomedical literature, such as Pubmed, housing
over 20 million articles (as of March 2011). While the
massive amount of information available in such a large
corpus of literature is of clear benefit to researchers, the sheer
numbers of documents that can match any given query often
makes the task of finding needed pieces of information a
difficult one. For this reason, researchers in the biomedical
sciences are continually turning toward the development of
computational tools to perform data mining tasks, ranging
from the identification of genes that play a role in certain
biological outcome [1-3] and the identification of mutations
[4] to the identification of high quality Web resources [5],
and many areas in between.

Current methodologies for text mining the biomedical
literature include techniques such as regular expression
based pattern matching [6], the development and use of
biological concept ontologies [7], and the development of
specialized parsers designed to perform Natural Language
Processing (NLP) of the biomedical literature [3, 8]. This
study seeks to expand upon the current methodological
approaches by developing a simplistic yet robust
methodology for the identification of genes, proteins, and
other biological factors that contribute to a disease of interest

or other biological state. The developed methodology makes
use of commonly used computational linguistics techniques,
by first requiring the establishment of a corpus of biological
literature pertaining to the disease or biological state of
interest and then performing a word frequency analysis on
the corpus to identify all of the unique words in the corpus.
A pruning technique is then applied to the listing of unique
words in order to remove all English language and
biomedical specific jargon words, leaving a resultant list
which primarily contains the names of genes and proteins
that contribute to the disease or biological state of interest.
The technique was tested via the identification of biological
factors that contribute to or are associated with the
development and metastasis of lung cancer.

2 Methods

2.1 Establishment of a Lung Cancer Corpus

A corpus of text pertaining to lung cancer was
developed via the modification of the PREP.pl perl script [6,
9], which was designed to retrieve Pubmed abstracts and
perform regular expression based pattern matching against
them. The script was modified to retrieve all Pubmed
abstracts pertaining to the keyword query “lung cancer” and
save the title and text of each abstract to the corpus. Only
the titles and text were added to the corpus since other
abstract data such as journal name abbreviations and author
names would add additional “words” to the corpus that
would not be valid biological factors and would be very
difficult to prune out during later processing of the data.
Execution of this script resulted in a corpus consisting of 186
MB of text.

2.2 Processing of the Corpus

A word frequency analysis of the corpus was performed
that identified every unique word in the system as well as
how often each unique word appears in the system. This
analysis was performed via a Perl script which identified
words as being unique if they were separated by 1 or more
non-alphanumeric characters (i.e. \W+).  This analysis



resulted in over 177,000 unique words ranging from the most
popular word “of”, which occurred 1,338,203 times, to words
like “Gp96” (a heat shock protein), which only occurred a
single time.

Upon completion of the word identification via the
word frequency analysis, the list of unique words was pruned
by comparing the identified word to a dictionary of words to
remove all words that would not be the names of genes,
proteins, or other biological factors that could play a
potential role in lung cancer, such as English language
words. Initial testing of the technique made use of the
words.txt dictionary file that comes standard with any Linux
distribution as a basis for identifying English language
words, but this lead to a high false positive rate, since the
dictionary did not contain much of the biomedical jargon and
terminology that appears is the biomedical literature, but is
not a gene/protein name. Thus, the dictionary was expanded
to include such jargon and biomedical terminologies (e.g.
“mesenchyme”), in order to better prune the list of biological
factor candidates. Other common false positive candidates,
include common non-gene/protein name acronyms, such as
NSCLC (non-small cell lung carcinoma) or NK (natural
killer), cancer drugs being tested within the published
literature, such as cisplatin, and tumor cells types, such as
A549. Further improvements to the false positive rate are
made possible by incorporation of these words into the
dictionary as well. Adding in common misspellings and
typographical errors would be a way to further prune the list
of potential biological factors.

3 Results and Discussion

The newly established methodology does provide a
means of successfully identifying genes, proteins, and other
biological factors that can contribute to diseases such as lung
cancer, as illustrated by the results in Table 1, which
demonstrates the top eighteen most frequent biological
factors that are associated with the development and
progression of lung cancer. Among the listings in Table 1
are many well characterized tumor suppressors (e.g. p53) and
oncogenes (e.g. myc), as well as other biological factors
crucial to the progression of cancer such as VEGF. In some
cases in Table 1, the factors identified may be very broad
(e.g. kinase and cyclin), but more specific instances of these
categories are usually identified at lower frequencies, such as
PKC (occurred 1068 times), a type of kinase identified by the
technique.

Table 1: The top 18 most frequently appearing biological
factors associated with lung cancer.

Biological Number of Sample

Factor Appearances Reference
p53 16028 [10]
EGFR 14055 [11]
kinase 10274 [12]
VEGF 6168 [13]
CEA 5800 [14]
IFN 4287 [15]
TGF 4255 [16]
MMP 4002 [17]
RR 3235 [18]
TNF 3182 [19]
COX 2838 [20]
cyclin 2614 [21]
caspase 2498 [22]
NNK 2464 [23]
IGF 2426 [24]
Bcl 2285 [25]
myc 2279 [26]
EGF 2140 [27]

This ability for specificity is also demonstrated when
one considers that the technique has the capacity to pick up
biological factors that may only have few or even singular
occurrences in the corpus, as illustrated in Table 2, which
contains a sampling of factor names that only occurred 1-2
times in the corpus. While the entries in Table 2 serve to
illustrate the specificity of the technique, however, they do
demonstrate one limitation of the current implementation in
that the word frequency analysis does not correlate multiple
possible spellings of the same name as being identical. For
example, even though “IRS1” only occurred twice (as
written), there were alternative matches in the corpus such as
“IRS-1”. These spelling variants are currently recognized as
unique, but future iterations of the word frequency analysis
software will be modified to treat them as the same. This
spelling issue also applies to ATF6, ELAV3, Dnmt3a, and
Gp96 as well. It is notable, however, that relatively few
publications currently explore these genes/proteins regardless
of spelling. For example, Gp96 is a heat shock protein
associated with lung cancer in less than 5 English abstracts
[28-30].



Table 2: A sample of biological factor names that appeared as
written only 1-2 times.

Biological Number of Sample
Factor Appearances Reference
IRS1 2 [31]
ELAV3 1 [32]
ATF6 1 [33]
Dnmt3a 1 [34]
Gp96 1 [29]

4 Conclusion

In all, this pilot study demonstrates the potential for
using word frequency analysis as a means of identifying the
names of genes, proteins, and other biological factors that
could play a role in the development of lung cancer or other
biological conditions. The utility of the developed
methodology, however, is dependent on the use of a robust
dictionary of words and terms to be excluded from
consideration, although it is hypothesized that the
development of such a dictionary is broadly applicable to
performing such an analysis across a diversity of biological
contexts. It is the contention of the author that the continued
expansion of such a dictionary of exclusion terms, would
result in a technique that could lead to the rapid identification
of candidate genes with a minimal amount of human data
curation.
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