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Breast cancer is one of the most common types of cancer among women and it is the leading

cause of death in American women between the ages of 40 and 55. One out of 8 females in

the United States will develop breast cancer at some point in their lives. MiRNAs are single

stranded RNAs which have shown to play an important role in breast cancer progression

by prevent some genes to express properly. Therefore, it is not surprising that the improper

activity of miRNAs can cause various disease, including cancer. New studies suggest new

ways for diagnostic, prognostic and predictive biomarkers using miRNAs analysis which

can lead to designing miRNA-based anticancer therapies, with or without combination

with current therapy methods to improve disease response and increase cure rates. In this

survey, some of the newly conducted research, that use miRNA sequencing to analyze breast

cancer, are reviewed.
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1. INTRODUCTION

This survey concerns research which attempts to solve the problem of breast cancer analysis

and identification using miRNAs. Since, miRNA are known to have an important role in

breast cancer development, understanding the nature of their changes and the way they

progress toward breast cancer development can lead us to design reliable diagnosis and

better treatments of breast cancer tumors.

Relevant research papers were found by searching Google Scholar with the keywords RNA

sequencing,miRNA and breast cancer. Various keywords and author names were used to

search the ACM publication library, International Agancy for Research on Cancer(IARC),

BMC biology,and BMC bioinformatics.
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25 journal papers which are closely related to this survey were identified. They are listed

in the bibliography.

10 papers were chosen as the basis of this survey. The papers and the reasons for choosing

them are given below: [Iorio et al. 2005] was chosen as it identifies miRNAs whose expres-

sion was correlated with specific breast cancer features, such as estrogen and progesterone

receptor expression. [Blenkiron et al. 2007] was chosen as it can be a suitable platform to

classify breast cancer into molecular subtypes. [Lowery et al. 2009] was chosen as it de-

scribes use of artificial neural networks(ANN) to analyses microRNA expression profiles

and predict the estrogen receptor (ER), progesterone receptor (PR) and HER2/neu recep-

tor status of breast cancer samples. [Nygaard et al. 2009] was chosen as it addresses the

identification and analysis of miRNAs in human breast cancer using deep sequencing. [Sun

et al. 2010] was chosen as it identifies several miRNAs which may play an important role

in identification of the biological characteristics of stem cells. [Buffa et al. 2011] was chosen

as it describes the first large study integrating micro-RNA and mRNA global profiles in

human breast cancer. [Farazi et al. 2011a] was chosen as it addresses the role of miRNA

expression using RNA sequencing to analyze breast tumors. [Kim et al. 2012] was chosen as

it describes a hierarchical support vector machine (SVM) to classify cancer subtypes based

on their pathway. [Chang et al. 2012] was chosen as it describes and investigation of the role

of differences in miRNA expression between normal and breast tumor tissues using RNA

sequencing. [Volinia et al. 2012] was chosen as it describes and investigation of the role of

microRNA regulation in breast cancer progression.

The remainder of this survey is structured as follows: Section 2 contains reviews of 3

papers ([Iorio et al. 2005], [Lowery et al. 2009] and [Buffa et al. 2011]). These papers are

all concerned with role of miRNA in developing breast cancer tumors. Section 3 contains

reviews of 2 papers ([Blenkiron et al. 2007] and [Kim et al. 2012]). These papers are all

concerned with using miRNA in identification of breast cancer subtypes. Section 4 contains

review of 4 papers( [Nygaard et al. 2009], [Farazi et al. 2011a], [Chang et al. 2012] and

[Volinia et al. 2012]). These papers are all concerned with using RNA sequencing for ana-
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lyzing breast Tumors. Section 5 contains review of 1 paper ([Sun et al. 2010]). This paper

is concerned with miRNA analysis using microarray technology .

2. ROLE OF MIRNA IN DEVELOPING BREAST CANCER

2.1. MicroRNA gene expression deregulation in human breast cancer

According to Iorio et al. [2005], it has been shown that miRNAs are usually expressed or

mutated in cancer, suggesting that they may play an important role in activating tumor

suppressor genes. The authors state that recognition of miRNAs that are differentially

expressed between normal and tumor samples may help to identify those that are involved

in human breast cancer and establish the basis to understand their pathogenic role. No

article in this survey has been mentioned as previous work by the authors.

The authors state that the analyzed 76 breast cancer and 10 normal breast samples to

identify miRNAs which their expression is significantly decreased in cancer versus normal

breast tissues. Figure 1 shows the result obtained by the authors.

Fig. 1. [Iorio et al. 2005], page 7068

The authors claim that they could identify miRNAs whose expression was correlated with

specific breast cancer features, such as estrogen and progesterone receptor expression. This

ACM Journal Name, Vol. 00, No. 0, Article A, Publication date: May 2013.



Survey of Course 60-510 A:5

paper has been cited by [Blenkiron et al. 2007], [Sun et al. 2010], [Farazi et al. 2011a],

[Chang et al. 2012] and [Volinia et al. 2012].

Table I represents some information about the papers discussed in this section.

Table I. List of papers presented in section 2

Year Title Authors
Papers referred

to
Major Contribution

2005

MicroRNA gene

expression dereg-

ulation in human

breast cancer

Iorio et al.

[Blenkiron

et al. 2007],

[Sun et al.

2010], [Farazi

et al. 2011a],

[Chang et al.

2012] and

[Volinia et al.

2012]

Identifying miRNAs

which their expres-

sions are significantly

decreased in cancer

versus normal breast

tissues

2009

MicroRNA sig-

natures predict

estrogen receptor,

progesterone recep-

tor and HER2/neu

receptor status in

breast cancer

Lowery et

al.
None

Identifying an opti-

mum miRNA set us-

ing sequential selec-

tion and addition of

miRNAs to the ANN

2011

microRNA-

Associated Pro-

gression Pathways

and Potential

Therapeutic Tar-

gets Identified by

Integrated mRNA

and microRNA Ex-

pression Profiling

in Breast Cancer

Buffa et al.
[Chang et al.

2012]

Using a cox re-

gression for distant

relapse-free sur-

vival to identify

microRNAs that

provide independent

information.
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2.2. MicroRNA signatures predict estrogen receptor, progesterone receptor and HER2/neu

receptor status in breast cancer

According Lowery et al. [2009], in spite of new strategies which are increasingly being

investigated and implemented, unpredictable response and the development of resistance

to additional therapy remain major challenges in the clinical management of breast cancer

patients. [Lowery et al. 2009] refer to [Blenkiron et al. 2007] as the previous work of their

study. According to [Lowery et al. 2009], in [Blenkiron et al. 2007], there has been little

overlap between breast cancer gene sets, which brings some uncertainty regarding their

biological significance and reproducibility. The authors state that microarray technology

is highly dependent on bioinformatics, mathematics and statistics to produce biologically

relevant results. Moreover they state that the generation of high-complexity microarray

data makes the development of new data analysis methodologies necessary. Moreover, they

state that the current methods such as hierarchical clustering have shown some limitations

for the modeling and analysis of high dimensionality data.

Artificial neural networks(ANN) is a machine learning technique that the authors used to

analyze microRNA expression profiles and predict the estrogen receptor (ER), progesterone

receptor (PR) and HER2/neu receptor status of breast cancer samples. The authors state

that at each step of their model, additional miRNA transcripts were selected. Based on the

authors claim, the addition of key miRNA transcripts can improve the predictive capabilities

of the signature and model the data more accurately. As result, the miRNA transcript

signatures predictive of ER, PR and HER2/neu status were generated from microarray

data using the ANN model.

The authors claim that sequential selection and addition of miRNAs to the ANN suc-

cessfully identified an optimum miRNA set. They state that their novel way to use ANN

for analyzing miRNA expression identified biologically relevant miRNAs which are able to

discriminate between various tumors with different hormone receptor condition. There is

no citation to this paper by other papers in this survey.
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2.3. MicroRNA-Associated Progression Pathways and Potential Therapeutic Targets Identified

by Integrated mRNA and microRNA Expression Profiling in Breast Cancer

Buffa et al. [2011] state that several microRNAs previously linked with breast cancer subtype

or progression in experimental models were not identified as independently prognostic. This

agrees with previous results from prognostic studies. On the other hand using methods such

as global expression analysis is challenging, as the microRNA- mRNA interaction network

is complex and the effect on each individual mRNA is often small. Buffa et al. [2011] refer

to [Blenkiron et al. 2007] as previous works of their study. Based on the authors opinion,

despite previous efforts, integrated analysis of microRNA and mRNA global expression

profiles has yet to be explored. They state that such analysis have the potential not only

to identify microRNAs that are independent prognostic factors, but to identify interactions

between microRNAs and targeted mRNAs for enhanced marker.

The authors state that to identify microRNAs that provide independent information, a

Cox regression for distant relapse-free survival (DRFS) is proposed. They also used penalized

least-square minimization with variable selection and regularization to prevent over fitting.

They used a 2-step Cox analysis accounting for clinical, pathologic, and molecular features.

They also state that a they use samples from 219 patients with early primary breast cancer.

They state that matched microRNA and mRNA profiling was successfully obtained from

207 of 219 samples by using Illumina Human RefSeq-8 and miRNAv1 arrays. Figure 2 shows

the result obtained by the authors.

The authors claim that their work is the first large study integrating micro-RNA and

mRNA global profiles in human breast cancer. They state that these results explain the po-

tential novel therapeutic targets, and could also be used to validate findings in independent

studies. This paper has been cited by [Chang et al. 2012] in this survey.
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Fig. 2. [Buffa et al. 2011], page 5642

3. USING MIRNA IN IDENTIFICATION OF BREAST CANCER SUBTYPES

3.1. MicroRNA expression profiling of human breast cancer identifies new markers of tumor

subtype

According to Blenkiron et al. [2007], although both mRNA and miRNA are informative

with regard to tumor subtype, their functional relationship remains unclear. The authors

state that they are interested to investigate that changes in miRNA expression correlate

with changes in mRNA levels as well or not. Blenkiron et al. [2007] cite [Iorio et al. 2005] as

previous work in their study. As the authors mention in this article, many studies of miRNA

expression in human cancer have focused only on the deregulation of miRNA expression.

So, as the authors claim, their study represents the first integrated analysis of miRNA

expression, mRNA expression and genomic changes in human breast cancer and may serve

as a basis for functional studies of the role of miRNAs in breast cancer development. For

generating a comprehensive set of miRNA expression profiles for breast cancer, they select

99 primary human tumors, 5 normal breast samples and 33 breast cancer cell lines for

miRNA expression profiling. Figure 3 shows the result obtained by the authors.
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Fig. 3. [Blenkiron et al. 2007], page 9

The authors claim that their proposed profiling method can be a suitable platform to clas-

sify breast cancer into molecular subtypes. They state that they focus on miRNA expression

analysis of a large set of breast tumors to identify signatures of tumor subtype. Also they

claim that they identified 7 out of 24 miRNAs that had previously been associated with

breast cancers. Also they state that, one miRNA, miR-155, is differentially expressed in

ER- versus ER+ tumors, over expressed in breast tumors compared to normal controls and

additionally other tumor types, suggesting that this miRNA may have diagnostic potential

beyond breast cancer. This paper has been cited by [Lowery et al. 2009], [Nygaard et al.

2009], [Farazi et al. 2011a] and [Buffa et al. 2011] in this survey.
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Table II represents some information about the papers discussed in this section.

Table II. List of papers presented in section 3

Year Title Authors
Papers referred

to
Major Contribution

2007

MicroRNA expression

profiling of human

breast cancer identifies

new markers of tumor

subtype

Blenkiron et al.

[Lowery et al.

2009], [Ny-

gaard et al.

2009], [Farazi

et al. 2011a]

and [Buffa

et al. 2011]

Representing the first

integrated analysis of

miRNA expression,

mRNA expression

and genomic changes

in human breast

cancer.

2012

Pathway-based classifi-

cation of cancer sub-

types

Kim et al. None

Introducing a new

method to produce

more stable pathway-

based markers for

discriminating breast

cancer tumors

3.2. Pathway-based classification of cancer subtypes

Kim et al. [2012] state that the most significant gene markers are unstable (not reproducible)

among data sets. One of the shortcomings of previous work, as authors of this article

mention, is that the clinical implementation are slow, because the marker sets identified

by independent studies rarely display substantial overlap. Using multi-level hierarchical

feature, with individual genes at the first level and initial gene aggregates (pathways) at

the next level, is an instance of a machine learning approach which organizes individual

features into a hierarchical feature structure. Using this feature, the authors designed Gene

Set Enrichment Algorithm (GSEA) to combine expression profiles from the cancer genome

atlas and classify ovarian phenotypes based on ovarian cancer tissues.

The authors state that the present method produced more stable pathway-based markers

for discriminating breast cancer tumors. Between two datasets for breast cancer metastasis,
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the intersection of standard significant gene biomarkers totaled 7.47% of selected genes, com-

pared to 17.65% using pathway-based markers. In addition, integrating pathway and gene

information, The authors identified six (SQLE, E2F1, PTTG1, TSTA3, BUB1B, MAD2L1)

known cancer genes significant for ovarian and breast cancer respectively.

Kim et al. [2012] claim that identification of canonical biomarkers improves clinical utility

of high-throughput datasets for diagnostic and prognostic applications. There is no citation

to this paper by other papers in this survey.

4. USING RNA SEQUENCING FOR ANALYZING BREAST TUMORS

4.1. Identification and analysis of miRNAs in human breast cancer and teratoma samples using

deep sequencing

Since MiRNAs play important roles in various disease such as cancers, identifying the whole

collection of miRNAs and understanding their expression patterns is an important goal.

Nygaard et al. [2009] cite [Blenkiron et al. 2007] paper as the previous works of their

research. The authors state that several papers have already described the usefulness of

miRNAs as diagnostic molecules in diseases like cancer. Use of High-Throughput (HT)

sequencing techniques are making miRNAs increasingly more popular for such discovery

and profiling efforts. One of the shortcomings of the paper, as the authors addressed, is

that the large amounts of data will be generated, and appropriate bioinformatics methods

are needed to deal with the huge amount of data. The authors analyzed miRNA sequencing

data from breast cancer samples, to evaluate the differential miRNA expression between

breast cancer and normal adjacent breast, and to identify novel miRNAs. They state that

they identified several differentially expressed miRNAs which increase the chance of miRNA

involvement in breast cancer. They designed a novel combined method to analyze miRNA

data for the purpose of identifying new miRNAs. They do it in two step: finding and

quantifying expressed genomic regions giving rise to small RNA reads, and, as second step,

scoring these regions as potential new miRNAs. Figure 4 shows the result of their experiment

on breast cancer (BC) and their corresponding normal adjacent tissues (BN).
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Fig. 4. [Nygaard et al. 2009],page 4

The authors claim that they identified five novel miRNAs, as well as two alternative

precursors for known miRNAs. Several miRNAs were differentially expressed between the

breast cancer and normal breast samples. Also they claim that the end variability was shown

to be significantly different between miRNA and non-miRNA loci. There is no citation to

this paper by other papers in this survey.

Table III represents some information about the papers discussed in this section

4.2. MicroRNA sequence and expression analysis in breast tumors by deep sequencing

In [Farazi et al. 2011a], the problem addressed by the authors is that mRNA expression sig-

natures have been identified for some breast cancer types. The reason behind the aggressive

nature of some types of breast cancer have not yet been identified completely. The authors

mentioned papers [Iorio et al. 2005] and [Blenkiron et al. 2007] as the previous works of

their research.
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Table III. List of papers presented in section 4

Year Title Authors
Papers referred

to
Major Contribution

2009

Identification and anal-

ysis of miRNAs in hu-

man breast cancer and

teratoma samples us-

ing deep sequencing

Nygaard et al. None

Evaluating the dif-

ferential miRNA

expression between

breast cancer and

normal adjacent

breast, and identify-

ing novel miRNAs.

2011

MicroRNA sequence

and expression analysis

in breast tumors by

deep sequencing

Farazi et al.

[Chang et al.

2012] and

[Volinia et al.

2012]

Designing an unsu-

pervised hierarchical

clustering model for

their clinical samples

using miRNAs

2012

Breast cancer signa-

tures for invasiveness

and prognosis defined

by deep sequencing of

microRNA

Volinia et al.
[Chang et al.

2012]

gathering detailed

molecular analysis

of the normal to of-

fensive breast cancer

alternation

2012

Comprehensive analy-

sis of microRNAs in

breast cancer

Chang et al. None

Applying next gen-

eration sequencing

data to perform

miRNA analysis in

breast cancer

The authors addressed the shortcoming of the previous works as the role of miRNa in

breast cancer has been studied in several researches but only a few of them have focused on

identifying the miRNA level or the variations in their sequence. Also, the relation between

these miRNAs and their alteration has not been identified in large clinical studies yet.

Farazi et al. [2011] state that they found two miRNA variations among the other miRNAs.

They also designed an unsupervised hierarchical clustering model for their clinical samples

using miRNAs. They gathered samples from patients between 1985 and 2006. Those samples

were then isolated and in the next step they were aligned to the genome to find their actual
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position. Finally, as the authors state, using an analysis method and ImageGauge software,

the expression level of each miRNA was measured. The authors identified various miRNA

variations. Also, they found two single nucleotide polymorphisms miR-196a-2* and miR-

146a which have been suspected before for their role in breast cancer. they claimed that,

based on their experiments, the normal breast samples were separated from most non-

offensive breast cancer types by miR-21 miRNA. In addition, the authors claim that the

patients who went on to develop breast cancer showed an increase in mir-423 expression,

and triple negative breast cancer was most distinct from other tumor subtypes because of

up-regulation of the miRNAs mir-17 and mir-92.

This paper has been cited by [Chang et al. 2012] and [Volinia et al. 2012].

4.3. Comprehensive analysis of microRNAs in breast cancer

miRNA sequence reads exist with the name isomiRs, whose position and length are different

from the reference miRNAs. Chang et al. [2012] state that there are different issues with

isomiR, such as pattern preferences in specific libraries, target gene selection difference

between different isomiRs and so on.

The authors refer to [Iorio et al. 2005], [Buffa et al. 2011], [Farazi et al. 2011a] and [Volinia

et al. 2012] as previous work in this area of research. According to the authors, the previous

work by Farazi et al. only focused on the relevance of specific miRNAs and the tumor

malignancy type, without providing further experimental validation.

The authors apply their next generation sequencing data to perform miRNA analysis in

breast cancer. They include differential miRNA expression, position shifts in isomiRs and

changes in 3’ end of chromosome. They gathered sequence reads from deferent datasets.

Then they determined clean reads and mapped them to the genome. Then reverse tran-

scription primers were specifically designed for the examined miRNAs. Finally they used

miRNA target gene to identify significantly enriched pathways.

Figure 5 shows the comparison between normal and tumor samples using different types

of RNAs conducted by the authors.
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Fig. 5. [Chang et al. 2012], page 4

The authors claim that they identified 22 differentially expressed miRNAs in normal and

cancer tissues which could be involved in breast cancer development. Also, they claim that

based on their data analysis, the position shifts in isomiRs and 3’ end changes were uniform.

Also, There is no citation to this paper by other papers in this survey.

4.4. Breast cancer signatures for invasiveness and prognosis defined by deep sequencing of

microRNA

The alternation from a normal breast cancer to its offensive type is the most important

event in breast cancer development that is still not well understood. Volinia et al. [2012]

refer to [Iorio et al. 2005] and [Farazi et al. 2011a] as previous works of their study.

Also, no shortcomings of previous work were mentioned by [Volinia et al. 2012]. The

authors studied the relation between miRNAs and predicted some new miRNAs by using

overall survival parameters. Also, they claim that they gathered detailed molecular analysis

of the normal to offensive breast cancer alternation which has been done by only a very

few laboratories at this level of detail. The authors state that they created miRNA profiles

for offensive breast cancer and normal breast samples. They found 9 miRNAs which are

differentially expressed during alternation. Figure 6 (table S2 in the original paper) shows

those miRNAs.

Fig. 6. [Volinia et al. 2012], Supplementary material, page 5
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The authors claim that they obtained very informative miRNAs for breast cancer. They

claim that their results confirmed the miRNA deregulation reported in previous studies.

They also claim that their work increases the knowledge of the miRNA role in progression

of breast cancer.

This paper has been cited by [Chang et al. 2012].

5. MICRORNA ANALYSIS USING MICROARRAY TECHNOLOGY

5.1. Microarray-based analysis of microRNA expression in breast cancer stem cells

The breast cancer is one of the most common cancers in woman. Sun et al. [2010] state that

previous research has shown that breast cancer stem cells (e.g. ESA+CD44+CD24-/low,

BCSCs) possessing the stem cell properties of self-renewal and multi-directional differentia-

tion are the most fundamental contributors to drug resistance, recurrence and development

of breast cancer. The authors address [Iorio et al. 2005] as previous work of their study.

The authors believe that there are some unresolved issues with regard to the molecular

basis of cancer tumors. For example, what is the involvement of breast cancer stem cells in

the molecular mechanisms of tumor development? or the role of miRNAs in the function of

breast cancer stem cells. They investigated the miRNA expression profiles of ESA+ CD44+

CD24-/low BCSCs from the MCF-7 cell line, since the identification of cancer stem cell-

related miRNAs would provide valuable information for a better understanding of cancer

stem cell properties and even the molecular mechanisms of cancer tumors. The authors, as

they mention in this paper, isolated ESA+ CD44+ CD24-/low BCSCs from MCF-7 cells us-

ing fluorescence-activated cell sorting (FACS). A human breast cancer xenograft assay was

performed to validate the stem cell properties of the isolated cells, and microarray analy-

sis was performed to screen for breast cancer stem cells (BCSC)-related miRNAs. These

BCSC-related miRNAs were selected for bioinformatic analysis and target prediction using

online software programs. Figure 7 shows the result obtained by the authors.

Based on the results obtained in this study, the authors claim that the miR-301, miR-

296, miR-21 and miR-373 are expressed in development of human stem cells, indicating that
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Fig. 7. [Sun et al. 2010], page 5

these miRNAs may play an important role in identification of the biological characteristics

of stem cells. There is no citation to this paper by other papers in this survey.

Table IV represents some information about the papers discussed in this section.

Table IV. List of papers presented in section 5

Year Title Authors
Papers referred

to
Major Contribution

2010

Microarray-based anal-

ysis of microRNA ex-

pression in breast can-

cer stem cells

Sun et al. None

Identifying of can-

cer stem cell-related

miRNAs to provide

valuable information

for a better under-

standing of cancer

stem cell properties

and even the molec-

ular mechanisms of

cancer tumors.

6. CONCLUDING COMMENTS

This survey reviewed ten papers, which were studies of the role of miRNA’s in developing

breast cancer and using RNA sequencing to identify relevant miRNAs which can lead to

developing more effective breast cancer treatment. It was surperising that all of the papers

in this survey were journal papers. Also most of these references are relatively new.
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Table V represents some information about the papers discussed in this survey. Future

Table V. List of papers presented in survey

Year Title Authors Papers referred to

2005
MicroRNA gene expression deregulation in hu-

man breast cancer
Iorio et al.

[Blenkiron et al. 2007],

[Sun et al. 2010],

[Farazi et al. 2011a],

[Chang et al. 2012] and

[Volinia et al. 2012]

2007

MicroRNA expression profiling of human

breast cancer identifies new markers of tumor

subtype

Blenkiron et al.

[Lowery et al. 2009],

[Nygaard et al. 2009],

[Farazi et al. 2011a]

and [Buffa et al. 2011]

2009

Identification and analysis of miRNAs in hu-

man breast cancer and teratoma samples using

deep sequencing

Nygaard et al. None

2009

MicroRNA signatures predict estrogen recep-

tor, progesterone receptor and HER2/neu re-

ceptor status in breast cancer

Lowery et al. None

2010
Microarray-based analysis of microRNA ex-

pression in breast cancer stem cells
Sun et al. None

2011

microRNA-Associated Progression Pathways

and Potential Therapeutic Targets Identified

by Integrated mRNA and microRNA Expres-

sion Profiling in Breast Cancer

Buffa et al. [Chang et al. 2012]

2011
MicroRNA sequence and expression analysis in

breast tumors by deep sequencing
Farazi et al.

[Chang et al. 2012] and

[Volinia et al. 2012]

2012

Breast cancer signatures for invasiveness and

prognosis defined by deep sequencing of mi-

croRNA

Volinia et al. [Chang et al. 2012]

2012
Comprehensive analysis of microRNAs in

breast cancer
Chang et al. None

2012
Pathway-based classification of cancer sub-

types
Kim et al. None
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works are suggested by some of the authors of the papers. Blenkiron et al. [2007] state

that further analysis of integrated datasets can help to solve miRNA dependent pathways

in breast cancer. Lowery et al. [2009] suggest that finding the miRNA layer of genetic

regulation can help targeted therapy in breast cancer by improving the understanding of

molecular targets. Chang et al. [2012] state that the further study on the possible effects of

miRNAs on breast cancer is needed. Buffa et al. [2011] suggest that the approach used in

their study can be used in study of other biologically and clinically similar diseases.
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