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Abstract 

At recent age breast cancer attracts the attention of both the medical and the scientific community for its 

deadly occurrence throughout the globe as it is considered to be happened due to genetic aberration. Out 

of several genes expressed, it is found that cadherin 1, type 1 (CDH1) is responsible in several ways to 

control the metabolic order in human. Hence we focus on CDH1 gene whether any deviation in it 

especially alteration/modification in its sequence is responsible for the occurrence of this deadly disease.  

Towards this end study of the available genomic sequences of CDH1 gene of several patients, suffering 

from various types of breast cancer (obtained from the Sanger Database), are studied. The results 

emphasizes that alternation/modification in the sequence of the CDH1 gene  affect its regular function 

which may have a potential role in damaging the different types of breast tissues, causing malfunction and 

leading to breast cancers in patients.  
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1. Introduction 

Cancer, the deadly disease, is caused by uncontrolled division of abnormal cells in a part of the body. 

As the cells undergo rapid proliferation, the disease spreads so rapidly and can become invasive. 

Moreover, cancers in different parts of the body affect the patients differently and also seek 

treatments in different ways. Researchers from almost all the fields accept the challenge of this almost 

incurable disease to overcome and prevent its worldwide fatal effect. In woman, breast cancer is the 

second leading cause of cancer related death that undergoes physical and mental trauma 

(http://ghr.nlm.nih.gov/gene/CDH1). It is increasing particularly in the developing countries where the majority 

of cases are diagnosed in late stages and hence, seeks intensive attention. Breast cancer can take place 

in different areas of the breast — the ducts, the lobules, or in some cases, the tissue in between. Till 

date from the histopathological point of view breast cancers are broadly categories as five following 

types: 1) Ductal Carcinoma (DC), 2) Lobular Carcinoma (LC), 3) Lobular Carcinoma In Situ (LCIS), 

4) Ductal Carcinoma In Situ (DCIS), and 5) Ducto Lobular Carcinoma In Situ (DLCIS).  
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At recent age breast cancer draws the attention of the medical as well as the scientific community for its 

deadly occurrence and considered to be happened due to genetic aberration [1]. Literature survey shows 

[2] that different genes are responsible for maintaining different crucial biological functions and 

aberration of those are causing different types of breast cancers due to non-proper functioning. Out of 

several genes expressed, it is found that “cadherin 1, type 1” (CDH1) is responsible in several ways to 

control the metabolic order in human. Hence we focus on CDH1 gene whether any deviation in it 

especially alteration/modification in its sequence is responsible for the occurrence of this deadly disease.  

Hence, a detailed study of CDH1 gene from patients suffering from various types of breast cancer would 

be worthy as that can help to get consensus how deviation or alteration/modification in its sequence is 

responsible for the occurrence of this deadly disease. CDH1 belongs to the gene families CD (Cluster of 

Differentiation) and CDH (cadherins) and it’s chromosomal location is 16q22.1 [3]. The gene contains 

information for making a protein called 'epithelial cadherin or E-cadherin', which helps in cell adhesion, 

transmitting chemical signals within the cells, controlling cell maturation and movement, along with 

regulation of the activities of certain genes. It also acts as a tumor suppressor protein [4]. Mutations in 

CDH1 genes can be responsible for lack of the protein E-cadherin, which leads cells to grow too rapidly 

and divide in an uncontrolled way. It is seen that CDH1 is one of the most differentially expressed genes 

between ductal and lobular carcinomas at the mRNA level [4, 5]. According to a group of researchers, the 

loss of E-cadherin function, and the dysfunctional cell adhesion and regulation of acting cytoskeleton in 

Invasive lobular carcinoma (ILC) have been suggested to be the factor responsible for its distinct 

morphology, pattern of invasion, and metastatic behavior [2, 6, 7]. Whereas, some others have found that 

Loss of heterozygosity for chromosomes 16q (LOH at 16q) is the second most frequent somatic genetic 

event in breast cancer [1]. E-cadherin can be used as diagnostic marker for breast cancer [6]. Multiple 

studies of gene expression profiling have advanced the understanding of the molecular diagnosis of breast 

cancer, providing the background for oncologists to use the triple-negative phenotype to describe the 

basal-like molecular sub-type [8-13]. Numerous studies have been taken place to investigate and 

understand the characteristics of mutated CDH1 in different types of breast cancers [6-10]. It is worth to 

state that although reported work have tried to unfold facts and findings of the gene associated to 

particular type of breast cancer, till date no report has been found to focus on the quantitative analysis and 

comparison of the role of CDH1, playing crucial role for almost all the types of breast cancers.  Here in 

this manuscript towards identifying the role of CDH1 regarding its driving force for the occurrence of 

breast cancer, we have investigated and analyzed the existing data set of breast cancer from the Sanger 

database, to get a  patient wise comprehensive idea on the alteration/modification in their 

respective genomic sequence.  This would provide an idea how the alteration in the genomic sequence 

plays crucial role to damage the normal function of the cells and causing breast cancer. Further, from the 
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respective sequence analysis, a consensus can be drawn for causing the respective type of breast cancer as 

the synthesis of defective protein, due to alteration of primary sequence, would participate in 

malfunctioning of the system through changes in their physico-chemical behavior. The investigation 

would help to understand the perspective of the formation of several breast cancers. 

 

2. Methods and Materials 

2.1 Data Set Specification 

To carry out the investigation related to the mutations of CDH1 gene in different patients, the data related 

to mutations have been taken from the database www.cancer.sanger.ac.uk. The total data set taken, are 

shown in the Table S1. The summary of the dataset specification is given in Table1. 

TYP

E 
CDS MUTATION 

SAMP

LE ID 

(Sanger 

data 

base) 

TYP

E 
CDS MUTATION 

SAMPL

E ID 

(Sanger 

data 

base) 

TYP

E 

CDS 

MUTATION 

SAMPLE ID 

(Sanger data 

base) 

DC 

c.372delC 
1(99284

3) 

DLC p.P159_F171>L 

1(22804

22) 

LC 

c.1861delC 1(993167) 

c.846G>A 
1(99284

5) DCI

S 

c.786_794CACCCAG

GA>T 

3(99793
8, 

997942, 

997949) 

c.1948_1964del1
7 

1(993169) 

c.1890_1891insAC 
1(99284

7) 

c.779C>T 
1(99794

9) 

c.1971delC 1(993170) 

c.2440-1G>C 
1(99284

9) 

LC 

c.49_50insAG 

1(99064
7) 

c.2044_2062del1
9 

1(993171) 

c.687+1_687+2delGT 
1(99793

1 

c.88C>A 

1(99064
8) 

c.2440-1G>A 1(993172) 

c.1138_1320del183 
1(99793

2) 

c.371_372insC 

1(99065
0) 

c.1196_1199delC
TGA 

3(996988, 

996989, 996990 

c.786_794CACCCAG

GA>T 

1(99795
0) 

c.862_867GACGCG>A 

1(99065
1) 

c.781G>T 1(996991) 

LCIS 

c.856G>A 

1(99298

2, 
997330) 

c.2222_2223insA 

1(99065
6) 

c.1156G>T 1(996992) 

c.362A>G 
1(99298

3) 
c.944A>G 

2(99272

1, 

(992723) 
c.1510G>T 1(996993) 

c.274C>T 
1(99299

9) 
c.22_43del22 

1(99280
3) 

c.60_79del20 1(997040) 

c.185G>A 
1(99300

2) 
c.1529_1533delCCCAG 

1(99280
6) 

c.1711G>A 1(997042) 

c.760G>T 
1(99300

4) 
c.2165-1G>A 

1(99280
7) 

c.1627delT 1(997046) 

c.989C>T 
1(99300

5) 
c.378_379insC 

1(99284
4) 

c.207_208insA 1(997048) 

c.2075C>T 
1(99300

6) 
c.864_865delCG 

1(99284
6) 

c.1795_1796AC
>T 

1(997050) 

c.1595G>A 
1(99314

6) 
c.866_867delCG 

1(99284
8) 

c.846_867del22 1(997060) 

c.922G>A 
1(99732

2) 
c.1224delG 

1(99314
9) 

c.1269delT 1(997937) 

c.2218C>T 
1(99732

4) 
c.248_249ins41 

1(99315
1) 

c.49_163del115 1(1001718) 

c.786_794delCACCCA
GGA 

1(99732
6) 

c.459delG 

1(99315
2) 

c.59G>A 1(1001719) 
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c.2321G>A 
1(99732

8) 
c.532-1G>T 

2(99315

3, 
1971257

) 

c.67C>T 

2(1001720,1971
267) 

c.893C>A 
1(99733

0) 
c.761_777del17 

1(99315
4) 

c.240_241insGG
TG 

4(1179078, 
1179079, 

1179080,117908

1) 

c.763C>T 
1(99733

2) 
c.786_787insA 

1(99315
5) 

c.110_111insA 1(1971250) 

c.734C>T 
1(99733

4) 
c.866_867delCG 

1(99315
6) 

c.1778delC 1(1971253) 

c.770A>G 
1(99733

4) 
c.1548_1560del13 

1(99316
3) 

c.499G>T 1(1971254) 

c.2552C>T 
1(99733

6) 
c.1564_1565insGT 

1(99316
4) 

c.2155_2156insG 1(1971258) 

DLCI

S 

c.786_794CACCCAG
GA>T 

2(99794

4, 

997947) 

c.1844delT 

1(99316
6) 

c.116_117insT 1(1971264) 

 

 

2.2 Methods 

In this present work it is aimed to make quantitative understanding of the trend of mutations occurring in 

CDH1 gene which leads to occur breast cancer and to investigate the role of CDH1 in different types of 

breast cancers. Information related to mutations reported in table1 is used to prepare mutant DNA 

sequences. The investigations have been taken place in three levels, i.e. DNA sequential level, primary 

protein sequential level and in the physico-chemical characteristics of mutated proteins. 

 

2.2.1 Preparing mutant data as reported in database 

Normal, disease free (wild type) nucleotide sequence of CDH1 gene has been taken from NCBI database 

as the control. To prepare the mutant DNA sequence, mutation location has been identified (using inputs 

from Table S1) and the corresponding change(s) has been made accordingly as it is reported in Sanger 

Database. Thus total 86 mutated DNA sequences are constructed using customized program in Matlab as 

per patient data specification in Sanger database, which are shown in Table S1. Further, the mutated data 

set are translated into their corresponding amino acid sequences using online software 

https://www.expasy.org/  to have some biophysical characterization.  

 

3. Result and Discussion   

3.1 Investigating Patient dataset at DNA level 

Mutations may be silent or missense. Substitution of a single nucleotide can make huge biological 

changes and be responsible for a disease. In this part of the manuscript it is tried to investigate and 
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understand the trend of mutations occurred in DNA sequential level and finally become responsible for 

breast cancer at particular location.  

3.1.1 Investigating trends of mutations at DNA level 

A keen analysis of the sequences obtained from the dataset for the patients as per information shown in 

Table S1, it is found that different type of mutations e.g. single point mutation, frame shift and other 

different kinds of changes have been acquired in the specific positions of the wild type CDH1 DNA 

sequence corresponding to patients. In Table 2 using pair-wise alignment of the wild type CDH1 DNA 

sequence and that obtained from the patient database as mentioned in Table S1, a short glimpse of the 

changes are highlighted which shade light on how the deviation/ mutation of the wild type nucleotide 

sequence would act as the cause of different kind of breast cancer. A detailed analysis have been done in 

subsequent parts to get a consensus if a type of breast cancer (e.g. DC, LC, DCIS etc) can be correlated 

with the type of mutation.  A keen observation of Table 2, identifies even similar type of mutation (e.g. 

single point mutation / frame shift / insertion etc) at different positions in the wild type would cause 

different types of breast cancer. As an example it can be noted that substitution of similar G > A at 

position 846 causes DC while at position 856 causes LCIS.  

 

Fig1: Different types of mutations with respect to total data set. 

Further, considering different types of mutations as observed, a percentage of each types taken place in 86 

samples are calculated.  It is identified that the mutations are majorly taken place due to different kinds of 

deletion frame shifts(28%), insertion frame shifts(18%) and complex frame shifts(9%) throughout all six 

types of breast cancer sequences. It can be easily observed from the Figure1 that maximum numbers of 

frame shifts are caused due to deletion type of mutations. Further, different types of substitution mutation 

like missense (26%), intronic (23%) and nonsense (13%) also play crucial role.  Finer observations 
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towards patients’ data reveal more minute facts. Although deletion frame shift has the leading role in case 

of Lobular Carcinoma in Situ (LCIS) type of breast cancers, the mutations majorly have been occurred in 

the lobules or milk glands in the breast due to missense mutations and the change of a single base pair 

caused the substitution of a different amino acid in the resulting protein, whereas, in case of DC, intronic 

mutations have significant role. 

Table 2: Pair-wise Alignment to identify the mutation location  

 

Although previously we have observed that similar type of mutation (e.g. substitution etc) located at 

different position of the wild type sequence causing different types of breast cancer, it is rather important 

to note that deletion frame shift occurred at 786
th
 position of CDS area (786_794CACCCAGGA) are 

found in four (DC, DCIS, DLCIS and LCIS) out of six types of breast cancers (shown in Table 3). 

However, point to be noted that out of this four, three are occurring in the duct region of the breast. 

Numerous biological reasons may there be responsible behind the fact and one of the vital reasons might 

be variations of Protein - Protein Interactions (PPI) of the mature proteins. However, this strongly 
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emphasizes that the sequence 786_794CACCCAGGA must have a definite importance in maintaining 

regular function of the system, otherwise cause fatal disease like breast cancer. 

Several comparative analysis of mutations reveal that mutation rate is not same throughout a DNA 

sequence. Some coding locations or areas of the DNA sequence are more mutation prone. In the present 

work we have identified that LC type of cancer has significance with respect to locational importance 

(Table 4). The CDS areas c.532_1, c.67, c.786_787, c.1196_1199, c.944, c.866_867, c.240_241 are 

mutation prone and responsible for LC to occur. 

Table 3: Same mutations at different physical location of breast may cause different kinds of breast cancer 

TYPE SAMPLE_ID MUTATION 

DC 997950 c.786_794CACCCAGGA>T 

DCIS 997938 c.786_794CACCCAGGA>T 

DLCIS 997944 c.786_794CACCCAGGA>T 

LCIS 997326 c.786_794delCACCCAGGA 

 

Table4: Mutation prone coding locations. 

TYPE SAMPLE_ID MUTATION TYPE OF MUTATION 

LC 993153 

c.532-1G>T 

Single point mutation 

LC 1971257 

LC 1001720 

c.67C>T 

LC 1971267 

LC 992721 

c.944A>G 

LC 992723 

LC 1179078 

c.240_241insXGGTG Insertion 
LC 1179079 

LC 1179080 

LC 1179081 

LC 992848 

c.866_867delCG 

Deletion 

LC 993156 

LC 996988 

c.1196_1199delCTGA LC 996989 

LC 996990 

LC 993155 c.786_787insAInsertion  

 

3.1.2 Quantification of Bio-physical Properties of Mutated Nucleotides  

 

Analysis of the patient wise data obtained from the Sanger Database as shown in previous subsection 

clearly reveals that different types of mutations at the nucleotides remains responsible for the different 

type of breast cancers. This ignites the thrust to get an insight whether the changes took place in 
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nucleotide sequences can make any substantial changes in their different parameters of biophysical 

properties (e.g molecular weight, percentage of GC content, thermodynamic relationship between entropy 

(∆S), enthalpy (∆H), free energy (∆G) etc) as the information stored in the nucleotide sequences 

translated to the expressed proteins and the modification of behavior of the single molecule can even 

influence the biological function of the organism. OligoCalc [14] web interface which can calculate the 

biophysical properties of oligonucelotides, is used to get quantitative understanding of the biophysical 

properties of CDH1(s) obtained due to different mutations and how does they vary in different types of 

breast cancers. According to the result derived it is observed that although the GC content remains 

unaltered, all the other properties have been changed due to mutation. The range of values for each 

parameter has also been differed from types of breast cancer. The changes of biophysical properties for 

each variant are shown in supplementary Table S3.  A summary of the same shown in table 5 shed light 

on the minimum and maximum range of changes in comparison to wild type for each type of breast 

cancers.  

 
Table 5: Quantification of Bio-physical Properties 

 

Type MOL WT 
GC 

COUNT 

SALT 

ADJUSTED 
BASIC 

DELTA H 

(Kcal/mol) 

DELTA G 

(Kcal/mol) 

DELTA S 

(Cal/○K*mol) 

Wild Type 820804.2 51 85.7 85.7 22921.4 4302.8 60014.5 

 

DCIS 
815304.6 

51 100 86 
22765.4 4273.8 59604.8 

 
817770.2 22832.1 4286.9 59777.5 

LCIS 8177392 51 
100 86 

22838.8 4287 59799 

 
8177739 52 22843.5 4290 59807.6 

DLCIS 815304.6 51 100 86 22765.4 4273.8 59604.8 

LC 810913.8 51 
100 86 

22633.7 4247.7 59264.3 

 
828548.2 52 23137.9 4342.8 60583.7 

DC 817466 
51 

99.5 85.7 22827.6 4286 59866 

 
818960 99.9 85.9 22875 4294.6 59891.2 

 

As an example biophysical properties are equally changed in the samples of DLCIS whereas, in LC, 

sample ID 992832 has got remarkable changes due to substitution type of mutation. The molecular weight 

has been increased from 820804.2 gm/mol to 828548.2 gm/mol. The enthalpy (∆H), free energy (∆G) and 

entropy (∆S) are also increased from 22921.4(Kcal/mol), 4302.8 (Kcal/mol) and 60014.5 Cal/○K*mol to 

23137.9 (Kcal/mol), 4342.8 (Kcal/mol) and 60583.7 Cal/○K*mol respectively. In LCIS sampleID 997326 

the biophysical properties are decreased the most. The molecular weight has been decreased from 

820804.2 gm/mol to 815000.4 gm/mol. The enthalpy (∆H), free energy (∆G) and entropy (∆S) are also 
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increased from 22921.4 (Kcal/mol), 4302.8 (Kcal/mol) and 60014.5 Cal/○K*mol to 22757.4 (Kcal/mol), 

4272.6 (Kcal/mol) and 59582.9 Cal/○K*mol respectively. 

3.2 Investigation of Protein at Sequential Level 

As the function of a protein depends on its structure and structural information are embedded in the 

primary sequence, which is obtained from the translated nucleotide sequence; mutation of the DNA 

sequence will change the sequence of the expressed protein and may cause the sequences responsible for 

disease. The best example is the sickle cell anemia [15]. However, here in this present work, frame shifts 

deletion or insertion have made huge changes in the wild type DNA sequences resulting a large change in 

the primary sequence of the expressed proteins. Hence, we have extended our present work and tried to 

get an insight in sequential level of the expressed proteins. 

3.2.1 Understanding the trend of mutations in protein sequential level 

In this subsection pair wise alignment of the expressed wild type and the mutated one has been done to 

identify the mutations in amino acid sequence. Table 6 shows some of such examples.  The mutations 

change the codon sequences, as a result that lead to change in primary sequence of the proteins. 

Table 6: Example of pair wise alignments of normal and diseased proteins. 

 

DISEASE TYPE/ 

MUTATION 

TYPE/AA 

CHANGED 

SAMPLE ID 
ALIGNMENT(PRIMARY 

PROTEIN SEQUENCE) 

DC/DELETION 
(c.372delC )/ Frame 

shift (P126fs*89) 

992843 

WILD               

 120  TVGHHHRP     127 

                      

      ||||||   

DC                

  120 TVGHHH--     125 

 

(DC, DLCIS, DCIS 
)/SUBSTITUTION 

(c.786_794CACCCA

GGA>T) 
Frameshift (T263fs*3) 

DC(997950) 

DLCIS(997944, 
997947), 

DCIS(997938, 

997942, 
997949) 

WILD                

   261 PEFTQEV      267 

       ||      

LC                  

   261 PE-----      262 

 

 

DC/SUBSTITUTION 
(c.846G>A) 

Misense 

(M282I) 

992845 

WILD        

1EVFKGSVMEGALPGTSVME 283 
                        

 |||||||||||||||||:| 

DC                      

1EVFKGSVMEGALPGTSVIE 283 

 

LCIS/SUBSTITUTIO

N (c.856G>A) 

Misense (A286T) 

992982, 997330 

WILD 

    282 MEVTATD  288 
                         

        ||||.|| 

LCIS          

    282 MEVTTTD  288 

 

LC/SUBSTITUTION 

(c.88C>A) 

Misense 
(P30T) 

990648 

WILD                

28 CHPGFD      33 
                       

   ||.||| 

LC                  
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28 CHTGFD      33 

 

 

3.2.2 Effect on Isoelectric Point of the mutated Protein Sequence 

Isoelectric Point of a particular protein is a characteristic measure of its biophysical properties and helps 

to recognize where on a 2-D gel a particular protein can be found. In order to explore whether mutation in 

the wild type causes any change in their biophysical parameter(s),  Isoelectric Point (pI) for all the 

mutated data have been derived along with wild type sequence using online software http://isoelectric.org/ 

(Supplementary table ST1). It can be observed from fig. 2 that the pI of the wild type CDH1 is 4.47 while 

due to mutations the isoelectric point of CDH1 protein has been changed in some cases. The pI of the 

mutated sequences responsible for LC (53 samples) show changes in the range of 4.47 to 11.02; whereas 

for those in DC (5 samples) it ranges between 4.47 to 10.83; for both DCIS (2 samples) and DLCIS (4 

samples) suffer a huge change from 4.47 to 8.67.while sequence for LCIS it changes from 4.45 to 4.62. 

However, in DLC(1 sample) it is remained unchanged. This strongly recommend that due to change in pI 

the biophysical character of the mutated sequences get affected and resulting in disruption of the function, 

causing diseases. 

 

Fig 2: Determine Isoelectric Point(pI) of Protein Sequence. Here in this column chart the column of color blue represents the pI of wild type 

sequence. The green column represents the minimum range and the maroon columns represent maximum range of pI respectively for each type of 

breast cancer. 

Towards better understanding of our proposition a case to case observation are cited. It has been observed 

that in the sample ID ‘992803’ (having LC type of breast cancer), the mutation is of deletion frame-shift 

type. 22 nucleotides are deleted between the CDS area 22 to 43. In sample ID ‘990647’ mutations take 

place due to insertion of 2 nucleotides A and G in the CDS area 49 to 50. In both the cases the isoelectric 

point (pI) is increased from 4.47 to 11.02. Sample ID 992843 having DC type of breast cancer affected by 
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deletion type of mutation. At CDS area nucleotide C at 372 position is deleted and thus the isoelectronic 

point is changed to 10.83. DCIS type of mutations Sample ID(997938, 997942, 997949) witnessed 

substitution type of mutations (c.786_794CACCCAGGA>T) and is responsible for huge changes 

occurred in isoelectric point (8.67). Hence, the observation depicts that even a genotypic change in a 

single position in CDS area due to mutation can make huge changes in its isoelectric point and alter the 

normal function. 

3.2.3 Quantitative Analysis of severity and stability of mutation 

Non-synonymous mutations lead to change in amino acids and cause structural changes of proteins. But 

all the mutations are neither harmful nor affects the biological functionalities of the protein equally. 

Online software PROVEAN (Protein Variation Effect Analyzer) v1.1 is used to find the virulence of a 

mutation, whether it is deleterious or neutral. If the PROVEAN score is  a predefined threshold (e.g. -

2.5), the protein variant is predicted to have a "deleterious" effect else the variant is predicted to have a 

"neutral" effect [16-17]. Due to mutations Gibb’s free energy of the variants are changed, which affect in 

their stabilities. I-Mutant is used to predict protein stability changes due to single point mutations [18]. 

According to the methodology applied here in this online software, changes of protein stability (∆∆G) are 

measured in terms of Kcal/mol. ∆∆G (change of free energy of the mutant) <-0.5 indicates larger decrease 

in stability and ∆∆G > 0.5 indicates larger increase in stability. ∆∆G between -0.5 to 0.5 is considered as 

neutral stability.  

                        Table 7: Quantitative Analysis of severity and stability of mutation. 

DISEASE TYPE VARIANTS 
MUTATION 

TYPE 
STABILITY ∆∆G(Kcal/mol) 

DC M282I Deleterious Decrease -0.22 

DCIS P260L Deleterious Increase -0.38 

LC 

P30T Deleterious Decrease -1.13 

A408V Deleterious Decrease -0.09 

S70F Deleterious Increase 0.29 

N315S Deleterious Decrease -0.62 

G571S Deleterious Decrease -1.04 

LCIS 

G62D Deleterious Decrease -1.2 

H92Y Neutral Increase 0.16 

H121R Neutral Decrease -0.02 

P245L Deleterious Decrease -0.64 

D257G Deleterious Decrease -0.76 

D254Y Deleterious Increase 0.24 

A286T Deleterious Decrease -0.68 

T330I Neutral Decrease -0.57 

A692V Neutral Decrease -0.26 

D308N Neutral Decrease -0.6 
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P740S Deleterious Decrease -1.55 

R774K Neutral Decrease -0.81 

A286T Deleterious Decrease -0.68 

A298D Neutral Decrease -0.9 

P245L Deleterious Decrease -0.64 

D257G Deleterious Decrease -0.76 

S851L Deleterious Increase -0.2 

 

Here in this subsection we have considered single point mutations and both the online software are used. 

It is observed that most of the mutations are deleterious (71%). On a keen look one can classify the effect 

of mutations into 4 states; Deleterious and stability decreased (54%), deleterious and stability increased 

(17%), neutral but stability decrease (25%) and neutral but stability increased(4%). From the results 

shown in Table 7 it can be concluded that due to mutation, stabilities are decreased (79 %) and hence 

biological functionalities of most of the variants are affected causing disease. 

 

 

Fig 3: Prediction of biological functionalities changed due to mutations 

4. Conclusion 

Genetic information is stored in nucleotide sequences which through proper translation in expressed 

proteins maintain the proper biological functions. However, from the analysis of the patient database 

although not huge, one can easily hypothesize that mutations found in CDH1 gene, plays a significant 

role in breast carcinoma. As mature protein of CDH1 belongs to the family of cell–cell adhesion 

molecules, the mutations take places in different epithelial tissues of human breasts and thus participate in 

almost all types of breast malignancies. In this manuscript through identification of site of mutation in the 

CDH1 nucleotide sequence along with comparison and contrast between them with respect to the wild 

type one can correlate with the degree of pathology if possible. However, our study opens an avenue of 

the prediction of the protein secondary structures of the expressed mutated proteins which would give a better 

impetus towards understanding flaw in normal PPI and diagnose the rationality of breast cancer caused due to 

Deleterious 
Decrease 

54% 
Deleterious 

Increase 
17% 

Neutral 
Decrease 

25% 

Neutral 
Increase 

4% 
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aberration of CDH1. In a nutshell, a consensus can be generated that woman with abnormal CDH1 gene 

(i.e. mutation) leads to have an increased risk of breast cancer.  

 

References 

1. Weigelt B, Reis-Filho JS. Histological and molecular types of breast cancer: is there a unifying taxonomy? Nat Rev Clin Oncol. 

2009;6:718–730. 

2. Weigelt B, Geyer FC, Natrajan R, et al. The molecular underpinning of lobular histological growth pattern: a genome-wide 

transcriptomic analysis of invasive lobular carcinomas and grade and molecular subtype-matched invasive ductal carcinomas of no 

special type. J Pathol. 2010;220:45–57. 

3. Cleton-Jansen AM, Callen DF, Seshadri R, Goldup S, McCallum B, Crawford J, Powell JA, Settasatian C, van Beerendonk H, 

Moerland EW, Smit VT, Harris WH, Millis R, Morgan NV, Barnes D, Mathew CG, Cornelisse CJ: Loss of heterozygosity mapping at 

chromosome arm 16q in 712 breast tumors reveals factors that influence delineation of candidate regions. Cancer Res 2001, 61:1171-

1177. 

4. Perl AK, Wilgenbus P, Dahl U, Semb H, Christofori G: A causal role for E-cadherin in the transition from adenoma to carcinomas 

Nature 1998, 392:190-193. 

5. Giovanni Corso, Joana Figueiredo, Simone Pietro De Angelis, Federica Corso, Antonia Girardi, Joana Pereira, Raquel Seruca, 

Bernardo Bonanni, Patricia Carneiro, Gabriella Pravettoni, Elena Guerini Rocco, Paolo Veronesi, Giacomo Montagna, Virgilio 

Sacchini, Sara Gandini, “E-cadherin deregulation in breast cancer”, J Cell Mol Med. 2020 Jun; 24(11): 5930–5936., DOI: 

10.1111/jcmm.15140 

6. Vleminckx K, Vakaet L, Mareel M, Fiers W, Van Roy F: Genetic manipulations of E-cadherin expression by epithelial tumor cells 

reveals an invasion suppressor role. Cell 1991, 66:107-119.19.  

7. Singhai R, Patil VW, Jaiswal SR, Patil SD, Tayade MB, Patil AV. E-Cadherin as diagnostic biomarker in breastncancer. North Am J 

Med Sci 2011; 3: 227-233. Doi: 10.4297/najms.2011.3227. 

8. Genetic relation of lobular carcinoma in situ, ductal carcinoma in situ, and associated invasive carcinoma of the breast, H Buerger,1 R 

Simon,1 K-L Schäfer,1 R Diallo,1 R Littmann,1 C Poremba,1 P J van Diest,2 B Dockhorn-Dworniczak,1and W Böcker1. 

9. Perou CM, Sørlie T, Eisen MB, et al. Molecular portraits of human breast tumours. Nature 2000;406:747-752. doi:10.1038/35021093. 

10. Sorlie T, Tibshirani R, Parker J, et al. Repeated observation of breast tumor subtypes in independent gene expression data sets. Proc 

Natl Acad Sci U S A2003;100:8418-8423. doi:10.1073/pnas.0932692100. 

11. Sorlie T, Perou CM, Fan C, et al. Gene expression profiles do not consistently predict the clinical treatment response in locally 

advanced breast cancer. Mol Cancer Ther 2006;5:2914-2918. doi:10.1158/1535-7163.MCT-06-0126. 

12. Sørlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical 

implications. Proc Natl Acad Sci U S A 2001;98:10869-10874. doi:10.1073/pnas.191367098. 

13. A Sengupta, S Hassan, PP Choudhury, Quantitative Understanding of Breast Cancer Genes, IJCA Proceedings on National 

Conference cum Workshop on Bioinformatics an Computational Biology NCWBCB, no. 1, pp. 15-17, May 2014. 

14. Kibbe, W. A. OligoCalc: an online oligonucleotide properties calculator. Nucleic Acids Res. 35 (Web Server issue), W43–46 (2007). 

15. Kevin Jarrett, Mary Williams, Spencer Horn, David Radford,, J. Michael Wyss, “Sickle cell anemia: tracking down a mutation”: an 

interactive learning laboratory that communicates basic principles of genetics and cellular biology”. 

16. Choi Y, Sims GE, Murphy S, Miller JR, Chan AP (2012) Predicting the Functional Effect of Amino Acid Substitutions and Indels. 

PLoS ONE 7(10): e46688. 

17. Choi Y (2012) A Fast Computation of Pairwise Sequence Alignment Scores Between a Protein and a Set of Single-Locus Variants of 

Another Protein. In Proceedings of the ACM Conference on Bioinformatics, Computational Biology and Biomedicine (BCB '12). 

ACM, New York, NY, USA, 414-417. 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 13, 2021. ; https://doi.org/10.1101/2021.01.11.426236doi: bioRxiv preprint 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7294130/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buerger%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sch%26%23x000e4%3Bfer%20KL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diallo%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Littmann%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poremba%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Diest%20PJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dockhorn-Dworniczak%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%26%23x000f6%3Bcker%20W%5Bauth%5D
http://dx.doi.org/10.1038/35021093
http://dx.doi.org/10.1073/pnas.0932692100
http://dx.doi.org/10.1158/1535-7163.MCT-06-0126
http://dx.doi.org/10.1073/pnas.191367098
https://journals.physiology.org/doi/full/10.1152/advan.00143.2015
https://journals.physiology.org/doi/full/10.1152/advan.00143.2015
https://journals.physiology.org/doi/full/10.1152/advan.00143.2015
https://journals.physiology.org/doi/full/10.1152/advan.00143.2015
https://journals.physiology.org/doi/full/10.1152/advan.00143.2015
http://dx.plos.org/10.1371/journal.pone.0046688
http://doi.acm.org/10.1145/2382936.2382989
http://doi.acm.org/10.1145/2382936.2382989
https://doi.org/10.1101/2021.01.11.426236
http://creativecommons.org/licenses/by-nd/4.0/


14 
 

18. Emidio Capriotti, Piero Fariselli, and Rita Casadio, “I-Mutant2.0: predicting stability changes upon mutation from the protein 

sequence or structure”. 

 

 

Competing interests 

The authors declare no competing interests. 

 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 13, 2021. ; https://doi.org/10.1101/2021.01.11.426236doi: bioRxiv preprint 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Capriotti%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15980478
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fariselli%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15980478
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casadio%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15980478
https://doi.org/10.1101/2021.01.11.426236
http://creativecommons.org/licenses/by-nd/4.0/

