Juan, I-Cheng

PhD Thesis

The MYH Gene Status in Patients with
Sporadic Colorectal Polyps

Wielkopolskie Centrum Onkologii w Poznaniu
Poznan University of Medical Sciences Poland.

ZaKtad Immunologii Nowotworow.

Promotor: Dr hab. Med. Piotr Wysocki

Poznan 2010



Table of Content

LIST OF ABBREVIATIONS. ...t sssssss s ssessssssssssssssessssssans I
DEFINITION OF TERMS ...t sss s ssss st sessssssssssesssnsens IV
ABSTRACT ..ottt s st s s st s sessssssnsnens XI
1. INTRODUCTION ..coirririrserersesisssssssesssssssssses s sssssesssssssssssssssssssssssssssssasssssnes 1
1.1, THE COLON ..ottt e s s e e 1
1.2. COLORECTAL POLYPS ...ttt st s s e 1
1.2.1. CLASSIFICATION OF COLORECTAL POLYPS.....cctcoiiiiiiieere e 2
1.2.2. SERRATED ADENOMA .....ooiiiiiiiiie ettt s st s 2
207 W 5 74 0123 i o) = Uy u Tl o 1o 14 o 1SS 2
1.2.2.2.  Sessile serrated adenomas .........coccuvveeereniiiinieesee e 2
1.2.2.3. Traditional serrated adenomas.........cccceeeereeereniene e 3
1.2.2.4. Mixed hyperplastic adenomatous POLYPS......ccccererierrerierresiesessee e 3
1.2.3. RISK FOR COLORECTAL CANCER.....ccesiiiiriierteere e 3
0 T80 R V- L PSPPI 3
1.2.3.2. GEIIAET ...ttt e e 3
S e TR ¥ Vo TSP TS 4
1.2.3.4.  LOCAON cueiiiiei et e 4
1.2.3.5. LIeSTYIe et e e 4
1.2.3.5.1.  Cigarette SMOKING .......cccovivrirriiriiiisierie e s e 4
1.2.3.5.2.  Alcohol CONSUMPTION ..eevviiviieiiiiiiisiiesiee st 5
0 TR TS TR S U 8 (o 1o o SO 5
1.2.3.5.4. Being overweight.........ccooiiiiiiiiiii e e 5
1.2.3.6. Other disease CONAItIONS.........cccvireeieririeereee e 5
1.2.4. MANAGEMENT OF COLORECTAL POLYPS ....ccoooiiiiiiiiinene e 6
1.3. DEVELOPMENT OF COLORECTAL CANCER .....ccccteoiiiiiiirere e 6
1.3.1. CHANGES IN APOPTOSIS REGULATION/TUMOR SUPPRESSOR GENES......6
S 70 0 B N U= U o - ) = SO 7
T3 1L Ll FAP e bbbt b e b e e 7
1.3.1.1.20 AFAP e e e 7
1.3.1.2.  The P53 GENE ...ttt e e 8
1.3.2. CHANGES IN DNA METHYLATION .....ooiiiiiieiiteere e 8
1.3.2.1.  CpG island methylator phenotype (CIMP).......cccooviririiniiiiniene e 8
1.3.2.2.  0-6-Methylguanine DNA methyltransferase (MGMT).......cc.ccecvrrerivenenne. 8
1.3.3. CHANGES IN RAS-RAF-MAPK PATHWAY ......ccoitiirinene et 9
1.3.3.1.  The KRAS MUALION ...ecveiviiiiiisieiiee ettt s s 9
N S T/ N oYU 27 07 V. 010 U o) o SRR 9

1.3.4. ABNORMALITIES IN MICROSATELLITE INSTABILITY (MSI) AND DNA



MISMATCH REPAIR (MMR) GENES .......coooi i 9

1.3.4.1. Lynch syndrome/HNPCC ........cccoociririiiriniiineereseesie e 10
1.3.5. ABNORMALITIES IN BASE-EXCISION-REPAIR (BER) GENES........c.ccoceuc. 10
1.4. COLORECTAL CANCER ....c.ootiiiirintieisttre ettt 10
2. THE MYH GENE ...ttt sss s ssesssss s sssssssssss e ssssssnnes 17
2.1. GENERAL INFORMATION ABOUT MYH GENE .......ccoootnininiiineeeieeeenieee 17
2.1.1. DISEASES-CAUSING MUTATIONS OF THE MYH GENE AND THEIR

CORRESPONDING PROTEINS .....ootiiiieirie sttt 17
2.2. MYH-ASSOCIATED POLYPOSIS (MAP) ..ottt 18
2.3. MYH GENE MUTATIONS AND COLORECTAL CANCER.......cccecineieieicirieenns 18
2.3.1. INDICATIONS FOR MYH GENE TESTING .....ccceetririniiriiniineeriesiee e 19
5. Parents diagnosed to be Myh gene mutation carriers.47 ..........cccocvveecienveennneenens 19
2.4, LOH ANALYSIS ..ottt sttt sttt ne e sbe e 19
3. THE MAIN AIM ...t sss e sssssssssssssssssssssssssassnsses 22
4. MATERIALS AND METHODS ... sessesssssesesssnens 23
4.1. STUDY GROUPS ... .ottt 23
4.1.1. CRITERIA FOR COLONSCOPY ..ottt 23
4.1.2. POLYPS AND BLOOD ..ottt 23
4.1.3. CONTROL GROUP ..ottt 23
4.2, REAGENTS ..ottt 23
4.3, METHODS ..ottt ettt bbb bbb e e ae b enas 28
4.3.1. DNA ISOLATION....ccutiiitirteiteiee ettt sn s 28
4.3.1.1. DNA from POLYP tISSUE ...cceereriireeiireerie st 28
4.3.1.2.  DNA from blood tiISSUE.....cciveeieeeririererese s 29
4.3.2. PCR-SSCP ettt bbbt 29
4.3.2.1. Confirmation of DNA isolation and determination of the best reaction

L2 40U L) =10 SRR 29

4.3.2.2. PCR-SSCP analySis .....ccccerivrirririieiiseesie et 30
4.3.2.2.1. Labeled primer with iSOtOPe.......ccvveiriiiiiiiniereseeree e 30
4.3.2.2.2.  PCRITEACHON ....ccuiitiieseeee et 31
4.3.2.2.3.  ElectrOphOresis .....cooveieiiie it
4.3.3. DNA PURIFICATION ..ot 32
4.3.3.1. Column purification (QIA quick purification) .........ccccecevrvvrcinrinrinnnnn. 33
/GG I/ RTCY: 15370 1P U (0 ) o W 34
4.3.3.3. Bacterial competent JM 109 transformation.........c.ccceeevrivrcvenrerrcennnnenn 34
4.3.3.4. Isolation of the plasmid DNA.........cccooiriiiiniiiiere e 35
4.3.4. DNA SEQUENCING......cititiiteiee ettt s sne s 35
4.3.5. LOH ANALYSIS ...t 36



4.3.6. STATISTICAL ANALYSIS ... 38

D RESULTS s s s s ss s b s ssssanns 42
5.1. GENERAL INFORMATION ABOUT THE STUDY GROUP..........ccoooovveermrrrrrr 42
5.2. RESULTS FOR THE DNA ISOLATION AND TEMPERATURE TESTS................ 42
5.3. RESULTS FOR PCR-SSCP.......oovveeeemeeeeereseeeeeeesseseeeessesseeessessseeeseeseseesssesseeeesee 43
5.4. RESULTS FOR THE DNA SEQUENCING ANALYSIS ....c.occrveeereeneseeesseeeeeee 44
5.4.1. MYHEXON 2 FORWARD......c..ciimeeeeereeeeeeeesseeeeeeseesseesseeseeeeseeses e sssesseeeeeee 44
5.4.2. MYHEXON 12 FORWARD...........osimveeeeeeeeeeeessseeeeessesseessseseeeeseeseseesssessseeesen 45
ST 10) § 0N 7N 5 4] T 46
TN VN ¥ Y 4 (N BN TN 0 F 47
5.6.1. FREQUENCY DISTRIBUTIONS OF SELECTED VARIABLES FOR THE V22M
Myh (Val22Met) POLYMORPHISM..........o...ooorreeeseeeeeeesseeeseesssesseeesssessenens 47
5.6.2. FREQUENCY DISTRIBUTIONS OF SELECTED VARIABLES FOR THE Q324H
Myh(GIn324His) POLYMORPHISM ........o..comemreeeeeeeeeeeesseeseeesssesseeessseesenens 47

5.6.3. GENOTYPE DISTRIBUTIONS AND ALLELE FREQUENCIES OF THE V22M
Myh (Val22Met) POLYMORPHISM FOR GENES OF PATIENTS WITH
COLON POLYPS AND THE CONTROL GROUP-........oorveeeeeerreeeeeereecerseene 48
5.6.4. GENOTYPE DISTRIBUTIONS AND ALLELE FREQUENCIES OF THE Q324H
Myh (GIn324His) POLYMORPHISM FOR GENES OF PATIENTS WITH
COLON POLYPS AND THE CONTROL GROUP.........oovveeeeeerereeeeeeneeereeene 49
5.6.5. THE ASSOCIATION BETWEEN THE V22M Myh (Val 22Met) AND THE
Q324H Myh (GIn324His) POLYMORPHISM IN THE STUDY GROUP .......49
5.6.6. THE ASSOCIATION BETWEEN THE V22M Myh(Val 22Met) AND THE
Q324H Myh (GIn324His) POLYMORPHISM IN THE CONTROL GROUP..49
5.6.7. THE ASSOCIATION BETWEEN CANCER FAMILY HISTORY AND V22M
Myh(Val22Met) POLYMORPHISM .......cvvoceeeeeeseeeeeeessseseeeessesseeessseseenens 50
5.6.8. THE ASSOCIATION BETWEEN FAMILY HISTORY FOR CANCER AND THE
Q324H Myh (GIn324His) POLYMORPHISM ...........ooorveeeeeerreeeesseseeerseene 50
5.6.9. THE ASSOCIATION BETWEEN ADVANCED COLORECTAL POLYPS AND
THE V22M Myh (Val22Met) POLYMORPHISM ...........comomveeereeereerseenseeens 51
5.6.10. THE ASSOCIATION BETWEEN ADVANCED COLORECTAL POLYPS AND
THE Q324H Myh (GIn324His) POLYMORPHISM..........coovvverrierrrersenrrenens 52
5.6.11. THE ASSOCIATION BETWEEN GENDER AND THE V22M Myh (Val22Met)
POLYMORPHISM .......coovveeeeeeeeeeeseeseeeeeseeeeeesesseeeee s eeessesssee s 52
5.6.12. THE ASSOCIATION BETWEEN GENDER AND THE Q324H Myh (GIn324His)
POLYMORPHISM .......ccoivveeeeeeeeeeesseseeeeeseeseeeseseeeeee s essessseesseess s 53
5.6.13. THE ASSOCIATION BETWEEN CIGARETTE SMOKING AND THE V22M Myh
(Val22Met) POLYMORPHISM..........oovveeeemeeeereeeeeeesseeeseeeeseeseeeesseesee e 53



5.6.14. THE ASSOCIATION BETWEEN CIGARETTE SMOKING AND THE Q324H

Myh(GIn324His) POLYMORPHISM .......ccceciiniiniiere e 53
5.6.15. CIGARETTE SMOKING AND THE RISK FOR ADVANCED COLORECTAL
POLYPS ..o 54
5.6.16. CIGARETTE SMOKING AND THE RISK OF OCCURRENCE OF COLORECTAL
POLYPS GREATER THAN 10 mm IN DIAMETER.........cccccoviiiiiiiiiis 54
5.6.17. THE ASSOCIATION BETWEEN AGE AND THE V22M Myh (Val22Met)
POLYMORPHISM.......cciiiiiiii s 54
5.6.18. THE ASSOCIATION BETWEEN AGE AND THE Q324H Myh (GIn324His)
POLYMORPHISM.......cciiiiiiii s 55
5.6.19. THE ASSOCIATION BETWEEN AGE AND THE RISK OF DEVELOPING
ADVANCED HIGH-RISK COLORECTAL POLYPS .....cccoiiiiini 55
5.6.20. THE ASSOCIATION BETWEEN AGE AND SIZE OF POLYPS ......cccccceinnnns 56
5.6.21. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS AND ADENOMAS
AND THE V22M Myh (Val22Met) POLYMORPHISM........ccceoviiiiiinnns 56
5.6.22. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS OR ADENOMAS
AND THE Q324H Myh (GIn324His) POLYMORPHISM .........cccccvvvniinnenns 56

5.6.23. THE ASSOCIATION BETWEEN HYPERPLASTIC AND ADENOMA POLYPS
AND THE V22M Myh (Val22Met) POLYMORPHISM IN SMOKING
PATIENTS ..ot 57

5.6.24. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS OR ADENOMAS
AND THE V22M Myh (Val22Met) POLYMORPHISM IN NON-SMOKING
PATIENTS ..o 58

5.6.25. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS OR ADENOMAS
AND THE Q324H Myh (GIn324His) POLYMORPHISM IN SMOKING
PATIENTS ..ot 58

5.6.26. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS OR ADENOMAS
AND THE Q324H Myh (GIn324Hid) POLYMORPHISM IN NON-SMOKING
PATIENTS ... 59

5.6.27. THE ASSOCIATION BETWEEN CRC PATIENTS AND OTHERWISE HEALTHY
PATIENTS DIAGNOSED WITH POLYPS AND THE V22M Myh (Val2ZMet)
POLYMORPHISM.......cciiiiiiiii s 59

5.6.28. THE ASSOCIATION BETWEEN CRC PATIENTS AND OTHERWISE HEALTHY
PATIENTS DIAGNOSED WITH POLYPS AND THE Q324H Myh (GIn324His)
POLYMORPHISM......oooiiiiii s 60

5.6.29. THE ASSOCIATIONS OF V22M Myh (Val22Met) POLYMORPHISM IN
POLYPS-POSITIVE PATIENTS BETWEEN THE PRESNECE OR ABSENCE
OF FAMILY HITORY OF COLORECTAL CANCER ......ccooviiiiiiiiiiiiiis 61



5.6.30. THE ASSOCIATIONS OF Q324H Myh (GIn324His) POLYMORPHISM IN
POLYPS-POSITIVE PATIENTS BETWEEN POSITIVE AND NEGATIVE

FAMILY HISTORY OF CANCER ....oooiiiiiiiirt et 61
5.6.31. THE ASSOCIATION BETWEEN BODY MASS INDEX AND THE V22M Myh
(Val22Met) POLYMORPHISM......ccooiiiiiiiinene e 62
5.6.32. THE ASSOCIATION BETWEEN BODY MASS INDEX AND THE Q324H Myh
(GIn324His) POLYMORPHISM ......cccoooiiiiiiiiniiieniee e 63
6. DISCUSSION ..ottt sss et sssss st s snsssssssssssssassssses 78
7.  CONCLUSION ..cirirerissirssesesssssssssessssssssssssss e ssssssssssessssssssssssssssssssssssssnes 84
8. ACKNOWLEDGEMENTS ...t sss s ssssssssssssssssssseses 85
9. REFERRENCE ...t sss s ssssssss s snssssnens 86
10. QUESTIONNAIRE. ... sssssssssssssssssssssssassnsans 96
Table Index
Table 1-1 Histopathologic Features of Different Degrees of Cellular Dysplasia. '
Table 1-2 Three Main Types of Hyperplastic Polyps.......ccccocovveniiiicinsncnen 13
Table 2-1 Disease-Causing Mutations of the Myh Gene and Their Corresponding
PrOEINS. .ottt n e e r e nnesre e 19
Table 4-1 Twelve Exons for the Myh Gene.........c.ccooovvvenieienienieneece e 38
Table 5-1 Frequency distributions of selected variables for the V22M Myh
(Val22Met) polymorphiSm .......ccceceeirieeiiieerie e 63
Table 5-2 Frequency distributions of selected variables for the Q324H Myh
(GIn324His) polymOrphiSmi......cccceeciirieeiiiierisie s 64

Table 5-3 Genotype distributions and allele frequencies of the V22M Myh
(Val22Met) polymorphism for genes of patients with colon polyps and the
(000 0L o) = (01 1| o TR PR PR UUPTURUPRTROR 64

Table 5-4 Genotype distributions and allele frequencies of the Q324H Myh
(GIn324His) polymorphism for genes of patients from the study and the

(o00) 0L 0] o3 01 1| o X3RS 65
Table 5-5 The association between the V22M Myh (Val22Met) and the Q324H
Myh (GIn324His) polymorphisms in the study group ........cccecevvvrcvrieriiiiennenns 65

Vi



Table 5-6 The association between the V22M Myh (Val22Met) and Q324H Myh

(GIn324His) polymorphisms in the control group.........ccceceeeerieneeevencennnninnnn 66
Table 5-7 The association between cancer family history and the V22M Myh
(Val22Met) polymorphiSm .......cccoceeirieeiiiieere et 66
Table 5-8 The association between family history for cancer and the Q324H Myh
(GIn324His) polymOrphiSm .......cccceeiieriieiiiieriesie e e 66
Table 5-9 The association between advanced colorectal polyps and the V22M
Myh (Val22Met) polymorphiSm .......ccceccvveriieniniiiieseseese e 67
Table 5-10 The association between advanced colorectal polyps and the Q324H
Myh (GIn324His) polymorphiSm........ccccuveeiiniriiiiiereseere e 67
Table 5-11 The association between gender and the V22M Myh (Val22Met)
1001174 80100 o) o} 1) s s LSRR 68
Table 5-12 The association between gender and the Q324H Myh (GIn324His)
1001174 80102 o) o} £)'s s LSRR 68
Table 5-13 The association between cigarette smoking and the V22M Myh
(Val22Met) polymorphiSm .......ccoceecirieeiiieire et 68
Table 5-14  The association between cigarette smoking and the Q324H Myh
(GIn324His) polymOrphiSmi......ccccceeiiiriieiiiieriesie et 69
Table 5-15 Cigarette smoking and the risk of advanced colorectal polyps.......... 69
Table 5-16 Cigarette smoking and the risk of colon polyps greater than 10 mm in
L3 V2RO UR PR OUPUR PRI 70
Table 5-17 The associations between age and the V22M Myh (Val22Met)
POLYMOTIPRISIN ..t e e 70
Table 5-18 The associations between age and the Q324H Myh (GIn324His)
POLYMOTPRISIN ..t e e 70
Table 5-19 The associations between age and the risk of occurrence of advanced
COlOTECTAl POLYPS .ot s ee 71
Table 5-20 The associations between age and polyp Size .......cccccevvvrvvreriiiinnnnnns 71
Table 5-21 The associations between hyperplastic and adenoma polyps and the
V22M Myh (Val22Met) polymorphiSm ......c.ccoceeviiienieninneceeeseee e 71
Table 5-22 The associations between hyperplastic polyps or adenomas and the
Q324H Myh (GIn324His) polymorphiSm ........ccccceviveienenienire e 72
Table 5-23 The associations between hyperplastic polyps or adenomas and the
V22M Myh (Val22Met) polymorphism in smoking patients ..........ccoccevvrveenen. 72

Table 5-24 The associations between hyperplastic polyps or adenomas and the
V22M Myh (Val22Met) polymorphism in non-smoking patients ................... 72

Table 5-25 The associations between hyperplastic polyps or adenomas and the
Q324H Myh (GIn324His) polymorphism in smoking patients.............cc.coeueue 73

VI



Table 5-26 The associations between hyperplastic polyps or adenomas and the

Q324H Myh (GIn324His) polymorphism in non-smoking patients ................ 73
Table 5-27 The associations between CRC- or non-CRC patients diagnosed with

polyps and the V22M Myh (Val22Met) polymorphism .......ccccocerevvenciiinnnenns 74
Table 5-28 The associations between polyps in CRC patients or otherwise

healthy patients and the Q324H Myh (GIn324His) polymorphism................. 74

Table 5-29 The associations of V22M Myh (Val22Met) polymorphism in
polyps-positive patients between positive and negative family history for CRC.

Table 5-30 The associations of Q324H Myh (GIn324His) polymorphism in
polyps-positive patients between positive and negative family history for CRC.

.............................................................................................................................. 76
Table 5-31 The association between body mass index (BMI) and the V22M Myh

(Val22Met) polymorphiSm .......cccceeiirieeiiiieire e 76
Table 5-32 The association between body mass index (BMI) and the Q324H Myh

(GIn324His) polymOrphiSmi......ccccceeiuiriieiiiieriesie e 76

Figure Index

Figure 1-1 Recommendations for Colonoscopy Examination ..........c..cceceeuu... 14
Figure 1-2 Pathways for Cancer FOrmation..........ccoccovviieninieene e 15
Figure 2-1 FUNCtions 0f BER ZENES........cccceoueiireeieseesiesiienieseeseeseeseessessessesseesseaneas 20
Figure 2-2 Results for Accumulation Myh Gene Defects in Different Genes. ........... 21
Figure 4-1 DNA Ladder for 100 bp (Promega) ........ccocvveeniireenrnieneneeesee e 41

VIl



LIST OF ABBREVIATIONS

8-0x0G - 8-oxoguanine

A - Adenine

AFAP - Attenuated family adenomatous polyposis

APC - Adenomatosis polyposis coli

APS - Ammonium persulfate

BER -Base excision repair

BMI - Body mass index

BRAF - B-Raf proto-oncogene serine/threonine-protein kinase

Bp - Base pair

C - Cytosine

CAINT (V, TV) - Carcinoma in tubular (villous, tubulo-villous) adenoma

CHRPE - Congenital hypertrophy of the retinal pigment epithelium

CI - Confidence interval

CIMP - CpG island methylator phenotype

CRC - Colorectal cancer

D - Aspartic acid

del - deletion

E - Glutamic acid

EDTA - Ethylenediaminetetraacetic acid

F - Phenylalanine

FAP - Familial adenomatous polyposis

G - Guanine

g - gram

‘g - gravity

Gln - Glutamine

H - Histidine

His - Histidine

hMYH - Human Homolog of the MutY Repair Protein

HNPCC - Hereditary nonpolyposis colorectal cancer

IVS1 + 5G/C - Point mutation in intron 1 splice donor site causing intron
1 retention resulting in nuclear mRNA degradation

L - Leucine

LOH -Loss of heterozygosity

M - Methionine



M - Mole

MAP -MYH associated polyposis

MAPK-ERK pathways - a signal transduction pathway that transfers
signaling from surface growth factor receptors to nucleus
regulating cellular processes such as proliferation,
survival and gene expression.

Met - Methionine

Mg?2+ - Magnesium

MGMT - O-6-methylguanine-DNA methyltransferase.

mg — milligram

MHAP - Mixed hyperplastic adenomatous polyps

ml - milliliter

MLH1 - MutL homolog 1 gene, which is located at chromosome 3 and
highly associated with HNPCC

MM - millimeter

mM - millimole

mm - millimeter

MMR - Mismatch repair

mRNA - Messenger Ribonucleic acid

MSI - Microsatellite instability

MTH1 - MutT homolog 1

MutYH - mutY Homolog gene also known as MYH gene.

Myc - It codes for a protein which is a gene transcription factor.

ng - nanogram

OGG1 - 8-oxoguanine glycosylase

OR - odds ratios

P - Proline

PCR - Polymerase chain reaction

PCR-SSCP - PCR-Single strand conformational polymorphism

Q - Glutamine

R - Arginine

S - Serine

SSA - Sessile serrated adenoma

SSCP - Single strand conformational polymorphism

T - Thymine

TH - Tubular adenoma high-grade dysplasia

TL - Tubular adenoma low-grade dysplasia

TSA - Traditional serrated adenoma



TVH - Tubular-villous high-degree dysplasia
TVL - Tubular-villous adenoma low-grade dysplasia
u - unit

USG - Ultrasonography

V - Valine

Val - Valine

VH - Villous adenoma high-degree dysplasia
VL - Villous adenoma low- grade dysplasia
X% - Chai-square

Y- Tyrosine

pl - microliter

UM - micromole



DEFINITION OF TERMS

Allele

Autosomal dominant gene

Autosomal recessive gene

Carcinoma in situ

Codon

Colonization

A shortened form of allelomorph. It is an alternative form
of a single or a specific gene. Both alleles of a gene have the
same characteristics but the production and function of

each allele may be different.

Only one autosomal dominant gene is needed to perform
its functions. At least half of the offspring will inherit the
same genetic trait. If this dominant trait is involved with
disease conditions, this disease will be seen in every

generation.

The condition only appears when an individual acquires
two recessive forms of an autosomal gene. If both parents
are carriers, 25% of their offspring will be affected, 50% of
their offspring will become carriers and 25% of their
offspring will show the dominant trait. Skipped generation

inheritance can be seen in autosomal recessive traits.

The carcinoma cells are confined in the space where the
cancerous changes began with no further spreading. It is

considered as an early stage tumor.

The codon is a tri-nucleotide sequence. After transcription
to the RNA, each codon is translated into a specific amino
acid The AUG codon corresponds to the amino acid
methionine and serves as start codon. The UAA, UGA and
UAG codons are stop codons and do not correspond to

amino acids.

Bacterial or fungal species which populate an area,
whether on growth plates or in living organisms. In vitro,
colonization of these pathogens on growth plates allows

physicians to confirm diagnoses and to test for the



Column purification

DNA denaturation

Dysplasia

Electrophoresis

Exon

sensitivities of pathogens to drug treatments.

Nucleic acids have a tendency to attach or become
absorbed onto solid surfaces depending on the pH and salt
concentrations. The addition of samples containing nucleic
acids and buffers into columns containing thin layers of
silica membranes forces the mixtures through the silica
membranes. The nucleic acids will be held by the silica
membrane. Diluted water can change the pH and salt

concentrations and wash out the nucleic acids.

Also known as DNA melting. It is the procedure of opening
up the double helix structure of DNA by breaking the
hydrogen bonds between strands. The denaturation
temperature depends on the CG content of the DNA. The
higher the content of GC, the higher the temperature is
needed. Transforming double-helix DNA into
single-stranded DNA enables fragments of interest to be

analyzed.

Alteration in cellular  maturation.  Anisocytosis,
poikilocytosis, hyperchromatism and presence of mitotic
figures are four major characteristics of dysplasia. Cells
vary in size, shape and maturation stage. It is a
precancerous lesion. The chance of dysplasia lesions
progressing to cancerous lesions depends on the degree of

dysplasia.

This is the use of electrical power to drive the components
of interest through a gel Due to the different sizes of the
components, the distances moved on the gel will be
different. Particular fragments can be removed for further
study. It is a widely used technique for the analysis of DNA,
RNA and proteins.

This is the actual fragment that is transcribed from DNA to

RNA which corresponds to amino acid formation.



Gene

Gene repair

Genotype

Genetic consultation

Heterozygotes

Homozytogotes

Hyperplasia

Genes are the hereditary material which holds the
information for building and maintaining living organisms.

Genes are passed down through generations.

During replication and transcription, mistakes happen all
the time. To maintain the integrity of genes, various
enzymes correct mistakes at different stages of replication
and transcription. The gene repair process can prevent
fetal mutations or diseases which cause mutations to

happen and pass into further generations.

This is the constitution of genes in living organisms, from
single cells and organs to whole individuals. It is not
completely related to the outside appearances of living
organisms. People with the same genotype may differ in
appearance. People with the same appearances may have
different genotypes. This is the portion of genetic material

that passes down through generations.

Genetic consultation is offered to individuals with inherited
family diseases. Through testing, particular genes based
upon family histories and the risk of developing the same
disease can be detected  Screening protocols and
treatment schedules can be planned in advance. It is a way
of preventing patients with genetic family diseases from
becoming ill. It is very important for the assessment of the
risk of passing the same disease-causing gene to further

generations.

In diploid or polyploid organisms, chromosomes have

different alleles of a gene at the same locus.

Chromosomes have the same alleles of a gene at the same

locus.
An increase in cell numbers in a tissue or an organ without

changes in cellular maturation. It is a response to excess

stimulation and presents as enlargement of the organ. This

Vi



Intron

Kinase

Locus

Ligation

Metaplasia

Missense mutation

Mutant

is a pre-neoplasm/pre-benign tumor lesion. Despite the
malignancy potency, the large size of the organ demands

treatments.

The DNA fragments which are not transcribed into RNA
and are not related to amino acid formation. Gene
switching is located at the introns. Changing the switching

status is highly disease related.

Kinase is involved in the process of phosphorylation and
the enzymes for kinase reactions are phosphotransferases.
The main function of kinase reactions is to transfer
phosphate groups to target proteins, which are usually
enzymatic proteins. Kinase changes the function, location

and interactions of the target protein with other proteins.

The specific location of a gene on a chromosome.

The process of combining two fragments of DNA. Ligation
enzymes can recognize the same sequence of two DNA
fragments and create the joining point. The same ligation

reaction can occur in different species.

Changes in the type of cells, replacing the original cell
populations. This is a reversible process and is usually
induced as a response to environmental hazards. The
degree of cellular maturation stays intact. The malignancy
potential of metaplasia is low and cells usually return to the

normal cell type shortly after the hazards disappear.

A point mutation in the gene sequence. The mutation
produces different amino acids and further changes the

protein structure and function.
Genetic changes that cause a cel], an organ or an individual

to present with new characteristics or genetic traits that

are not seen in wild types.
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Mutfation

Neoplasm

Nonsense mutation

Oncogene

PCR

Phenotype

Changes in gene sequences caused by radiation, UV light,
oxidative damage or other mutagenic materials. These
changes may or may not cause changes in cellular
functions or outside appearances. The majority of

mutations are neutral

An abnormal mass resulting from the abnormal
proliferation of cells. The cells can be fully matured, poorly
distinguished or somewhere in between. According to the
cellular characteristics, neoplasms can be classified as

benign, pre-malignant or malignant.

A point mutation that causes premature termination of
amino acid production. The mutation produces a stop
codon in the middle of the sequence and stops further
amino acid translation. It can change the function and

structure of the protein.

Gene with a potential to turn normal cells into tumor cells.
In normal situations the expression of oncogenes is
depressed. When mutations occur in these genes or the
depression mechanisms disappear, cellular growth is no
longer under control and progresses to form neoplastic
cells.

This is a technique of amplifying DNA fragments. Thermal
cycles are applied to replicate DNA copies. Primers are
needed to induce replication. Replication is based on DNA
templates; any mutations on the templates can be

amplified many times for further investigation.

The external appearance. It is influenced by inherited
genotypes and non-hereditary environmental factors.
People with the same genotype but with different
environmental exposures may show totally different
phenotypes. Changes in environmental factors may change

the phenotype.
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Plasmid DNA

Polymorphism

Promoter area

Sequencing

SSCP

Transcription

Translation

Transversion

Mainly found in bacteria, the plasmid contains extra DNA
material besides the regular chromosomal DNA. The
genetic material in the plasmid is related to drug resistance
but does not affect the normal growth of bacteria. By using
the rapid reproductive characteristics of bacteria, large
quantities of DNA fragments of interest can be produced
following their insertion into the plasmid DNA. The

bacterial vector system came from this concept.

Where two or more different phenotypes exist in one
specific population in a specific area at a particular time
point. Polymorphism is due to different adaptations to
environmental conditions and this biological diversity
ensures that populations will not become totally

diminished under extreme environmental changes.

This is an area located upstream of the transcriptional start
site of a specific gene. It facilitates the transcription of

this particular gene.

Determines the nucleotide order of a specific DNA
fragment. The comparison of experimental sequencing
with wild type sequences enables mutation sites to be

found and the type of mutation to be determined.

Single-stranded DNA can be analyzed wusing gel
electrophoresis. This is a technique to determine
differences between single strands of DNA after the same
experimental treatments. Mutation fragments can be

discovered using this process.

Decoding DNA to RNA codes.

Production of proteins from RNA codes to amino acids.

Purines substitute pyrimidines or pyrimidines replace

purines in a DNA sequence. Transversion causes huge

changes in the order of amino acid and structural



Vector

Wild type

differences in proteins. Transversion can be caused by

oxidative damage, ionization and alkylating agents.

This is a vehicle for transferring foreign DNA fragments

into other cells. The plasmid is one type of vector systems.

The naturally occurring phenotype of a species is called the
wild type. For genetic analysis, the wild-type gene is
referred to as the standard gene. Other genes from the
same locus which are different from wild-type genes are

called mutant genes.



ABSTRACT

Introduction: Colorectal polyps are common in men and their incidence increases with
age. Various mechanisms are responsible for the development of colorectal polyps but
more and more attention is being focused on the genetic background of this
phenomenon. Recently, several authors reported the correlation of colorectal polyps with
mutations of the Myh gene. In this study, Myh gene status was evaluated in patients with
newly diagnosed colorectal polyps.

Subjects and materials: Between the years 2004-2008, 235 patients who underwent
endoscopic examination at Wielkopolskie Centrum Onkologii were diagnosed with
colorectal polyps. Blood and polyp tissue were obtained from all of these patients. The
control group comprised 347 healthy subjects from whom blood samples were available.
From polyp and blood samples, DNA was extracted and analyzed for presence of Myh
gene mutations and loss of heterozygosity (LOH). Statistical analyses of the relationships
between lifestyle and occurrence of MYH polymorphism were performed.

Results: Within the study population - 35 V22M gene polymorphisms and 73 Q324H gene
polymorphisms were found. The association between V22M and Q324H polymorphisms
in the control group and study groups were both statistically significant (P=0.00061 in
control group, P=0.005 in study group). There was no significant difference in the
frequency of analyzed polymorphisms between the study and control group. The study
revealed that advanced polyps tended to occur below the age of 60. Gender, smoking,
alcohol consumption, overweight and obesity were not related to an increased risk of
colorectal polyps.

Conclusions: The study demonstrated that in the Polish population genetic variations of

the Myh gene are not associated with the development of colorectal polyps.
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1. INTRODUCTION

1.1. THE COLON

The colon, the ending part of human gastrointestinal tract, is covered by the
peritoneum except for the distal part of the colon and rectum. It is about 100-150
cm in length and its main functions are water and salt absorption and solid feces
formation.! There are two main types of cells in the colon: absorptive cells and
mucus-secreting goblet cells. They are straight tubular glands or crypts and extend
to the muscular mucosa. Goblet cells are located in the base of the glands, whereas
the absorptive cells mostly occur at the luminal surface. Another important group
of cells are the stem cells, which are located at the base of the gland and
continually replace the epithelium.12 Apart from mucus-secretion and absorption,
the colon can be considered as a defense organ since lymphocytes and plasma
cells flow through the lamina propria. Inside the colon lumen are numerous
bacteria which are responsible for a small amount of cellulose digestion and

fat-soluble vitamin absorption.2

The absorptive cells are at the top of the glands and contain numerous cryptal
cells. Apoptosis constantly occurs at the top of the crypts and these cells are
replaced by newly formed cells from the stem cells. Stem cells are also responsible
for repairing damaged crypt cellsl. Normal replacement period is 2-3 days.
According to this kind of cell arrangement and character, the location of modified
cells is very important. If the modified cells reside only at the top of crypts, it
means that solely the matured cells are affected and this situation is defined as
low-grade dysplasia. If the modified cells are located at the bottom of crypts, the
possibility of stem cell invasion is high, and this is defined as high-grade dysplasia.
A modified cell refers to changes in cell types, from columnar to other types of
cells; and changes in cell differentiation, from well to poorly defined cells and

changes in nuclear integrity, from small, dense nucleus to large, loose nucleus.

1.2. COLORECTAL POLYPS

A colorectal polyp is a tumor mass that grows into the lumen of the colon. It starts



as a small sessile lesion without a stalk. The development of a stalked or a

pedunculated polyp is due to the traction of the mass.3. 4.5

1.2.1. CLASSIFICATION OF COLORECTAL POLYPS

1.  Changes without dysplasia, polyps present as normal mucosa cells,
polyps present as inflamed, hyperplastic polyps and sessile serrated
adenoma (SSA)

2. Changes with low-grade dysplasia, tubular adenoma low-grade dysplasia
(TL), villous adenoma low-grade dysplasia (VL), tubular-villous adenoma
low-grade dysplasia (TVL) and traditional serrated adenoma (TSA)

3.  Changes with high-grade dysplasia, tubular adenoma high-grade
dysplasia (TH), villous adenoma high-degree dysplasia (VH),
tubular-villous high-degree dysplasia (TVH) and carcinoma in tubular
(villous, tubulo-villous) adenoma CAIN T (V, TV) (Table 1-1)

1.2.2. SERRATED ADENOMA

Serrated adenomas are defined as serrated hyperplastic polyps with adenoma
changes or with dysplasia.>¢ Serrated adenomas are subdivided into true
hyperplastic polyps, sessile serrated adenomas, traditional serrated adenomas
and mixed hyperplastic adenomatous polyps by their histological features.67
They were classified as HPs before the year 2003.58

1.2.2.1. Hyperplastic polyps

The hyperplastic polyp (incidence- 80%-90%) is defined as a serrated
polyp with regular proliferation.®10 There are three subtypes in this
category: microvesicular type, goblet cell type and mucin-poor type
(Table 1-2).11

1.2.2.2. Sessile serrated adenomas
Nucleus changes of Sessile serrated adenomas (SSA) (incidence -

10%-15%) are usually found at the middle/upper portion of crypts with
irregular distribution of goblet cells.2® Ninety percent of SSA lesions are



positive for BRAF mutations!! and nearly 70% of the lesions are positive

for CIMP mutations.?

1.2.2.3. Traditional serrated adenomas

The majority of traditional serrated adenomas (TSA) (incidence-
2%-3%) are pendunculated with uniform populations of abnormal
epithelial cells, which are eosinophilic in appearance with an elongated
nucleus.2 Twenty to thirty-six percent of TSA lesions are positive for
BRAF mutations.12

1.2.2.4. Mixed hyperplastic adenomatous polyps

Mixed hyperplastic adenomatous polyps (MHAP) (incidence - 1%-2%)
are adenomas appearing with more than one of the histological
characteristics mentioned above.210 All of these lesions are positive for

BRAF mutations.12

1.2.3. RISK FOR COLORECTAL CANCER

1.2.3.1. Age

Age is the one of the best defined risk factors for colorectal polyps. In
fact, more than 50% of patients who are diagnosed with colon polyps
are aged 60 or older. The majority of these patients have had no
previous syndromes. It is believed that more than 90% of people aged

above 60 years have one or more colorectal polyps.!3

Various kinds of polyps have different prevalence at a particular age. If
polyps are found in patients’ early life, such as the teens or mid twenties,
familial polyposis is highly possible and these patients are at much
higher risk of developing adenomas and colorectal cancer. Radical
surgery (colectomy) is often needed and genetic consultation is
recommended. If polyps are found at the age above 60 and size and
number of polyps are within the normal range, polyptectomy is

required and follow up is recommended.

1.2.3.2. Gender



There is no influence of gender on the incidence of colorectal polyps.
The incidence of colorectal polyps is the same for males and females.
However, numerous studies have indicated that larger polyps tend to be
found more often in males and that the conversion of polyps into

adenocarcinomas is more frequent in males.1314

1.2.3.3. Race

There is no significant influence of race on the development of colon
polyps, but larger polyps are more often found in black people and more
black people develop colorectal cancer due to the lack of regular medical
follow up. However, the progression of polyps into adenocarcinomas
occurs faster in white populations. There are no such comparisons

between western and eastern populations.1516.17

1.2.3.4. Location

Polyps are found throughout the colon but it has been observed that
larger polyps (>10 mm) are more often located at the left side of the
colon, from the middle of the transverse colon to the sigmoid. Small
polyps (6-10 mm) and diminutive polyps (<6 mm) are more often
found at the right side of the colon, from the celiac colon to the middle of
the transverse colon. The bigger the size, the higher the risk of

developing colorectal cancer.1819.20

1.2.3.5. Lifestyle

1.2.3.5.1. Cigarette smoking

Cigarette smoking is a known risk factor for colorectal cancers.
Thousands of carcinogens are contained in a cigarette and cigarette
smoking increases the risk of all kinds of cancers. Colon polyps are
known to be the precursor for colon cancers; an increased risk of
developing colorectal polyps increases the risk of cancer
development.2! Cigarette smoking is often combined with coffee

consumption, alcohol consumption and sometimes with fat intake.



The amount and duration of cigarette smoking are important risk
factors. Research has shown that the more packs/year of cigarette
smoking the higher the risk for developing colon polyps. The
majority of those polyps are hyperplastic polyps.21.22

1.2.3.5.2. Alcohol consumption

Alcohol consumption alone cannot be identified as an independent
risk factor for colorectal polyps. The amount of alcohol intake plays
an important role, either increasing or decreasing the risk. Ten
grams of alcohol per week decreases the risk of colorectal polyps by
15%.23 It is also believed that excessive alcohol intake is one of the

risk factors for colon cancers.

1.2.3.5.3. Fatty foods

Fatty acids and bile acids are toxic to the colorectal epithelium. An
excess amount of fatty acids accumulated in colorectal areas is a risk

factor for colorectal polyps and cancer.2#

1.2.3.5.4. Being overweight

Obesity is associated with the formation of colorectal polyps. A
single study demonstrated that in patients aged 30 or above, one
unit increase of the BMI index increased the risk of developing

colorectal polyps by 1%.25

1.2.3.6. Other disease conditions

Patients with chronic inflammatory bowel diseases, especially ulcerative
colitis, are at a higher risk of developing colorectal cancers. There is a
2% increase of the risk after 10 years of active colitis, 8% after 20 years
and 18% after 30 years. Chromosomal instability MSI and
hypermethylation, found in colorectal cancer, are also found in ulcerative
colitis patients.26 Ninety percent of colorectal cancers originate from
colorectal polyps® and chromosomal instability MSI and
hypermethylation are frequently found in colorectal polyps.27.28 Chronic

active inflammatory bowel diseases may also participate in polyp



development.

Patients with allergies show a decreased risk of colorectal cancers. It is
believed that allergies alter the patient’s immune system and changes
the response to particular molecular changes in cells, resulting in a

decreased risk of colorectal carcinoma.2®

1.2.4. MANAGEMENT OF COLORECTAL POLYPS

1.3.

For patients with no clinical signs and syndromes indicated for colonoscopy
examination, no previous colorectal polyp removal and no family history of
colorectal cancers, regular colonoscopy screening should be started at age of
50 (Figure 1-1). If no polyps or other abnormal tissues are found during
colonoscopy examination, the next colonoscopy examination should be done
in next 3 years. If polyps or cancerous tissues are found during the exam, they
must be excised and analyzed by histopathologists. If the histopathologic
reports indicate cancer tissues, start cancer treatment should be started

according to specific oncologic guidelines.

For patients with a positive family history for polyps, colonoscopy should be
performed at an early age. For patients with a positive FAP, colonoscopy
should be started in their twenties. All polyps should be removed by
colonoscopy if they are manageable with a colonoscope; otherwise, a surgery
is required. The standard recommended procedure for FAP patients is total
colectomy. Partial colectomy should be performed on patients with Lynch
syndrome. In patients with such genetic disorders colonoscopy should be

performed every year.

DEVELOPMENT OF COLORECTAL CANCER

A neoplasm or a tumor is defined as excessive and uncontrolled growth and

spread of abnormal cells. These cells are structurally and biologically different

from their original ones. Many genes are involved in reducing carcinoma

development. Mutations of these control genes cause uncontrolled cellular

proliferation and cancer development (Figure 1-2).

1.3.1. CHANGES IN APOPTOSIS REGULATION/TUMOR



SUPPRESSOR GENES

1.3.1.1. The APC gene

The APC gene is a tumor suppressor gene located on chromosome 5q21.
If mutations cause the loss of the APC protein activates, Myc

proto-oncogene expression and uncontrolled cellular growth begins.30

1.3.1.1.1. FAP

Familial adenomatous polyposis (FAP) is an autosomal dominant
disease which is characterized by hundreds to thousands of
adenoma polyps in the colorectal region.*303132 FAP accounts for
around 1 in 8300 to 1 in 1400 birth3? and around 0.1-1% of all
colorectal carcinomas.?’3! The APC mutations are found in
80%-85% of FAP patients.33 Patients develop FAP in their earlier
decades and without treatment almost 100% of FAP patients develop
colorectal cancer before the age of 40.2931.3234 Genetic consultation3®
and subsequent colectomy32 represent a standard care in patients
with FAP.

1.3.1.1.2. AFAP

Attenuated family adenomatous polyposis (AFAP) is an autosomal
dominant disease characterized by less than 100 polyps in the colon
and a later disease development compared to FAP patients.27313536
Mutations occur at distinguished parts of the APC gene, for example,
the 3’ end mutation on exon 9 of the APC gene presents with fewer

polyps than the 5’ end mutation on exon 9 of APC gene.31.35

The APC mutations are only found in 10% of AFAP patients.33
Despite fewer clinical syndromes and the later development of the
disease, if untreated 80% of AFAP patients will ultimately develop
colorectal cancer by the age of 45-55 years.35 Colonoscopy-based
removal of polyps is recommended for patients with fewer polyps
and must be followed by regular colonoscopy. For patient with

multiple, large polyps, surgical treatment is recommended.35



1.3.1.2. The p53 gene

The p53 gene is a tumor suppressor gene and its presence is used to
distinguish between adenomas and adenocarcinomas. Mutations of the
p53 gene have rarely been detected in adenomas but they are present in
75% of adenocarcinomas. The p53 gene is translated into the p53
protein, which arrests cells in the G; phase of the cell cycle and induces
apoptosis. The concentration of the p53 protein was found to be higher
in DNA-damaged cells. The cellular growth can not be stopped with the
loss of the p53 gene.37.38

1.3.2. CHANGES IN DNA METHYLATION

DNA methylation is one of the mechanisms that activates or silences gene
expression.2 The activation of tumor promoter genes or the silencing of tumor
suppressor genes both result ultimately in tumor growth.6 The MLHI and
MGMT genes are usually inactivated by DNA methylation.

1.3.2.1. CpG island methylator phenotype (CIMP)

The CpG island is located at the promoter area, where CG sequence
repeats in front of a gene. Under normal conditions, this area is
generally unmethylated Hypermethylation of the CpG island at the
promoter area may turn the following gene expression off. Thirty to fifty
percent of colorectal cancers and other kinds of cancers are found
positive for hypermethylation at the CpG island. Aberrant methylation

by DNA methyltransferase restores the gene expression.26.10

1.3.2.2. 0-6-Methylguanine DNA methyltransferase (MGMT)

The main function of MGMT, which is produced by the MGMT gene, is
DNA repair. The expression of MGMT protects genes from G:C to A:T
transition. MGMT removes 06-methylguanine, which is pro-mutagenic
and causes G:C to A:T transition in DNA.3% Inactivation of MGMT genes
causes accumulations of 06-methylguanine in growth regulating genes,
such as the KRAS and p53 genes.*® Hypermethylation of the CpG island
of MGMT turns off MGMT gene expression and causes other gene

mutations.27.39.40



1.3.3. CHANGES IN RAS-RAF-MAPK PATHWAY

There are two genes in the RAS-RAF-MAPK pathway - KRAS and BRAF. The
pathway is extremely important for tumor formation. Extracellular growth
factors are mediated via this pathway into nucleus where it leads ultimately to
activation of various cellular processes. Mutations in the KRAS and BRAF
genes result in the constant transduction of signals and efficiently stimulate
malignant features of tumor cells. The KRAS and BRAF genes mutations are
mutually exclusive in colorectal cancer.#! The KRAS and BRAF genes mutations

appear to correlate with different pathways.

1.3.3.1. The KRAS mutation

The KRAS mutations are associated with MGMT methylation. Loss of
MGMT functions leads to G:C accumulation in the KRAS gene and loss of
KRAS functions.*2 The KRAS mutations are closely related to hyperplastic

polyps.

1.3.3.2. The BRAF mutation

The BRAF mutations in colorectal cancer are strongly associated with
microstabilite instability (MSI) and DNA methylation abnormalities.
Although MSI is also associated with HNPCC, BRAF mutations do not
occur in HNPCC. The BRAF mutations are closely related to SSA (90%),
and MHAP (100%).212

1.3.4. ABNORMALITIES IN MICROSATELLITE INSTABILITY
(MSI) AND DNA MISMATCH REPAIR (MMR) GENES

The DNA mismatch repair genes are genes which recognize and correct DNA
replication errors, including mispaired nucleotides, small insertions and
deletions.®3 The failure of MMR function leads to the accumulation of
uncorrected, small instability sequences, called microsatellite instability, in the
genome.** Microsatellite instability is the hallmark of defective MMR genes,
and it appears in approximately 10%-20% of all colorectal cancers and
almost 90%-95% of HNPCC cases.2845 The more the accumulation of MSI, the



higher risk of future development of colorectal carcinoma: a high-MSI was

found in 15% of colorectal cancers.28

Up to date, six kinds of MMR genes (MSH2, MLH1, MSH3, MSH6, PMS1 and
PMS2) have been identified. Germline mutation of MLH1 and MSHZ can be
found in 60% of hereditary nonpolyposis colorectal cancer (HNPCC) cases.*6

1.3.4.1. Lynch syndrome/HNPCC

Lynch syndrome, also known as hereditary nonpolyposis colorectal
cancer (HNPCC), is an autosomal dominant disease, which accounts for
3%-5% of all colorectal cancers. Sixty to eighty percent of HNPCC cases
have either mutations of MLHI or MSHZ genes and 40%-60% of
patients with HNPCC are at increased risk of endometrial cancer.*’ In
patients with Lynch syndrome colonoscopy cannot distinguish
Lynch-associated lesions from sporadic colon adenomas and cancers.
Compared to FAP patents, in Lynch syndrome adenomas and
subsequent cancers develop at later age. Patients with mutations of
MMR genes are also at high risk of development of endometrial, ovarian,
renal cell and gastric cancers. Patients diagnosed with Lynch syndrome
must be examined annually (colonoscopy, ultrasonography of abdomen,
transvaginal ultrasonography) starting at age 25-30. Upon diagnosis of

a localized colorectal cancer partial colectomy is usually performed.35

1.3.5. ABNORMALITIES IN BASE-EXCISION-REPAIR (BER)

1.4.

GENES

Base-excision-repair genes are the MutYH gene, the OGG1 gene and the MTH1
gene and only a defect in the MutYH gene is discovered in associate with
colorectal polyps and cancers. Oxidation damage is the potential mechanism
for DNA damage and causes G:C to T:A transversion. The MutYH gene plays an
important role in excision of mismatched adenine.36 As mentioned previously,
high MSI is a major cause for gene mutation and cancer development. Some
patients with stable MSI also develop colorectal polyps and cancers. Among
these patients, 33% are found to have decreased levels of MYH protein. The

MYH gene mutfation is also a risk factor for colorectal polyps and cancer.*8

COLORECTAL CANCER
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Colorectal cancer (CRC) is the third most common cancer in the world and the
second most common cancer in western societies.#1? There are more than
148,000 new cases each year in the United States of America and this type of
cancer caused more than 55,000 deaths in 2006.#7 Males are more prone to
develop CRC than females, despite the equal possibility for colorectal polyps in
both genders.!” The previous belief that Asian populations had a lower risk of
developing colorectal cancer has now changed since CRC incidence is growing

rapidly in many Asian areas,*° such as Japan and Taiwan.

Fortunately, CRC is believed to be a preventable disease.13 More than 90% of CRCs
originate from benign colorectal adenomas. Colorectal polyps are believed to be
precancerous lesions. The risk factors for developing colorectal polyps represent
simultaneously also risk factors for developing CRC. Colonoscopy screening is

currently the best method of prevention of CRC.5°

The risk factors for developing CRC are multifactorial, including environmental
and genetic factors.2* Twenty-five percent of CRC patients have a family history of
either CRC or other cancers.3* Three to six percent of CRC cases are diagnosed
from known Mendelian syndromes, such as FAP, HNPCC and MAP.55! Besides
colonoscopy screening, genetic consultation is also important for patients with

family history of CRC or with particular genetic syndromes.
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Table

1-1 Histopathologic Features of Different Degrees of Cellular Dysplasia

Low-grade dysplasia

High-grade dysplasia

Non-invasive carcinoma

(carcinoma in situ)

Mild to moderate dysplasia in

old nomenclature.

Severe dysplasia in old

nomenclature.

Spindle-shaped epithelium

with hyperchromatic nuclei

Spindle-shaped epithelium
with hyperchromatic,
moderately pleomorphic

nuclei.

Marked pleomorphic cells with

swollen, large vesicular nuclei

Small chromatin particles

Irregular with angular

chromatin particles.

Bridges of nucleolus- associated
chromatin reaching angular
chromatin deposits both in the
nucleus and along the nuclear

membrane.

Regular nuclear membrane

Irregular nuclear membrane

Large nucleus with disrupted
polarity and atypical mitoses.
Irregular notched nucleus nuclear

membrane.

Stratified nuclei do not
surpass the deeper half of
the epithelial thickness.

Stratified nuclei surpass the
superficial half of the
epithelium and may reach

the luminal epithelial border.

Budding or branching crypts or
tubules with epithelial septa,
back-to-back glands and
cribriform growth. The glands
are often arrayed obliquely to the

basement membrane.

1,2,10,12
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P { Komentarz:

Table 1-2 Three Main Types of Hyperplastic Polyps

Mucin-microvesicular polyps Goblet cell-rich polyps Mucin-poor polyps

Most common Least common

The number of goblet cells is the Goblet cells are decreased or
greatest of the three, but is absent in this type.

decreased compared with normal

colonic mucosa

Large portion of proliferation; up |The proliferation is much less
to one-half of the crypt. than the
mucin-microvesicular type,
limited to the superficial
one-third of the mucosa, or

even to its surface

Nuclear atypia and stratification |Minimal nuclear atypia or Prominent nuclear atypia
are rare. stratification
Focally thickening of the Basement membrane is
basement membrane. thickened among almost all
polyps in this type.

Associated with hyperplasia

of clear neuroendocrine cells.
549% with KRAS mutation 67% with BRAF mutation 75-82% with BRAF mutation
68% with CIMP 92% CIMP

9,10,11,52
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Figure 1-1 Recommendations for Colonoscopy Examination
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Colonoscopy Examination
No family histories, no clinical sings and syndromes—start at 50 years old.
Positive family histories—start early
FAP—20 years old.
MAP and others—30 years old

Positive clinical signs and syndromes—start tight away,

No lesions can be found.

A 4

Positive for polyps (document the
size and location and remove

polyps for histopathological

Follow up every 3 years.

(-) malignant (+) malignant

potency potency

l

Colonoscopy

follows up every | Start treatment

year.

T~

Negative for

polyps

Positive for

polyps

Three years negative for

polyps.

|

Follow up every 3 years.

13,53

Figure 1-2 Pathways for Cancer Formation
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Regulation genes

Histological changes

Regulation genes

Normal tissue

APC
loss/mutation ' l
Hyperplasia
DNA > l
methylation

K-ras mutation

Early adenoma

—

Intermediate adenoma

MLH1 Promoter
methylation
BRAF mutation

DCC loss > l
Late adenoma
p53 loss > l

Carcinoma

A
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2. THE MYH GENE

2.1. GENERAL INFORMATION ABOUT MYH GENE

The Myh gene is located on chromosome 1P 32-34. It contains 12588 bp of DNA
codons and is divided into 16 exons. There are 1838 bp of DNA which can be
transcribed into mRNA and subsequently 546 amino acids are translated into the
Myh protein- hMYH located in the nucleus and mitochondria. The Myh protein is
an enzyme which excises adenine bases from the DNA backbone at sites where
adenine is inappropriately paired with guanine, cytosine or 8-o0xoG
(7,8-dihydro-8-oxoguanine) - typical major oxidative-damaged-DNA lesions.36.54 If
unrepaired, such phenomenon leads to the G:C to T:A transversion. Therefore, the

Myh gene is classified as a BER (base-excision-repair) gene.

There are three BER genes, the Myh, 0GG1 and MTH1 genes which encode Muty,
MutM and MutT proteins, respectively. The main function of BER proteins is
removal of oxidative damaged DNA and prevention of mutations. The MutM
protein removes 8-oxoG from duplex DNA and MutT hydrolyses 8-0xoG to
prevent damaged codons from further replication. Up to date, only the Myh gene
mutation has been found to be related to colorectal polyps and colorectal

cancers.533365557 (Figure 2-1)

2.1.1. DISEASES-CAUSING MUTATIONS OF THE MYH GENE
AND THEIR CORRESPONDING PROTEINS

Many mutations are known to be associated with increased risk of colorectal
polyps and colorectal cancers and even an increase risk of other cancers.
Different mutations are involved in different mechanisms of cancer
development, including influence on the transcription rate,*856 changes in
signal pathways in mitochondria and nuclei,*858 nonsense and missense
mutations, mutations of the Myh gene that prevent the mismatch site being
recognized and therefore cannot be corrected,548 changes in the glycosylase

function and an increased risk of developing endometrial cancer. (Table 2-1)
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2.2. MYH-ASSOCIATED POLYPOSIS (MAP)

The association between Myh gene mutations and colorectal polyps and cancers
was first reported by Nadal Al-Tassan et al (2002). It was found in a family with
adenoma polyposis without APC gene mutations or MSI in MMR genes.> Myh gene
mutations were consistently found in this family. Biallelic Myh mutations have
since been identified in approximately 20%-25% of FAP and AFAP patients, who
are not APC gene mutations carriers, and in 1.4% of all cases of adenomatous

polyposis.#3659 This syndrome is defined as Myh-associated polyposis (MAP).

Myh-associated polyposis is an autosomal recessive syndrome. Mutations of Myh
gene result in an accumulation of G:C toT:A transversions in many related genes.
Research has found that many patients with MAP showed accumulation of
transversions in growth regulatory genes, such as the APC gene and the K-ras
gene.+760 (figure 2-2). Accumulation of G:C to T:A transversions in these genes
causes further dysfunction of these genes and increases the risk of colorectal
polyps and cancer development. The Y165C and G382D mutations were the first
identified Myh gene mutations and account for approximately 80% of Caucasian
MAP patients.*861 The mutation incidence of Myh gene is various in different

races.*8 (Figure 2-2)

The clinical manifestation of MAP is similar to that of AFAP syndromes, with
lower numbers of polyps found in the colorectal region, usually less than 100
polyps, although some reports have shown MAP patients with more than 100
polyps.62 The polyps develop at later age, compared with FAP patients. As it has a
recessive inheritance pathway, many patients develop sporadic colorectal polyps

and some of them develop colorectal cancer even without polyp formation.>*

2.3. MYH GENE MUTATIONS AND COLORECTAL CANCER

As the well known characteristic and obvious family history of FAP, the incident
for FAP develops into colorectal cancer decreases dramatically. Myh-associated
polyposis is now an important risk factor for the development of colorectal cancer.
Inactivation of the Myh gene increases the risk of sporadic colorectal cancers. The
Myh gene mutations are found in 20%-25% of FAP and AFAP patients without

APC gene mutations*36 and a 33% microsatellite stable CRC shows an increase of
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8-0G accumulation with a decrease of MYH proteins,*8 and accounts for 0.4%

-0.75% of all colorectal cancers.33

Although MAP is inherited recessively, mono-allelic mutations of the Myh gene
show a slight increase in the risk of developing colorectal cancers. Patients
carrying a mono-allelic Myh mutation have an increased risk for colorectal cancer
by ~3 fold,*748 and patents with bi-allelic Myh mutations have an increased risk of
50-300 fold of developing colorectal cancers.334863 Due to its insignificant family
history and less symptomatic clinical features, around 50% of patients with MAP
will be diagnosed with CRC.47

2.3.1. INDICATIONS FOR MYH GENE TESTING

1. APC gene-negative individuals with features of classic FAP/AFAP
2. Autosomal recessive inheritance of CRC or multiple adenomas

3. Brothers or sisters with known Myh mutation

4. Young onset of CRC with negative MMR gene mutation

5. Parents diagnosed to be Myh gene mutation carriers.*”

2.4. LOH ANALYSIS

Loss of heterozygosity (LOH) is a somatic deletion of small fragments of DNA in a
currently active allele which causes dysfunction of a particular gene, while the
other allele is inactivate in nature. It usually happens in heterogeneity tumor
suppressor genes,t164 such as MMR genes,** MGMT genes and Myh genes. Loss of

heterozygosity is a prognostic factor for cancer development and progression.z8

Table 2-1 Disease-Causing Mutations of the Myh Gene and Their Corresponding

Proteins.
Intron/exon [Mutations and corresponding|Outcome of polymorphism
proteins.
Intron 1 IVS1 + 5G/C Decrease in transcription rate
of up to 30%.4856
Exon 2 P18L (55C>T) Changed signal binding site at
V22M (66G>A) mitochondria.*858
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Exon 3 Y90X (270 C2>A) Nonsense mutation.

Exon 7 Y165C (494 A>G) Failure to recognize the sites
of mismatch.547

Exon 8 V220M (658 G2>A) Missense changes; changes at
the catalytic binding site of]
express protein.465

Exon 12 Q324R (971 A>G)

Exon 12 Q324H (972G=>C) Associated with increased
risk of endometrial cancer.66

Exon 13 G382D (1145G>C) Changes the catalytic core of]
glycosylase.>48

Exon 13 L406M (1216C>A)

Exon 14 E466X (1396 G>T) A missense mutation with
unknown defect in DNA.67

Exon 14 466delE (1395_1397delGGA)

Exon 16 S501F (1502 C=2>T) Involved in nuclar signal
pathway.4857

4,48,56,58,67,68

Figure 2-1 Functions of BER genes.
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3.

1)

2)

3

4)

5)

THE MAIN AIM

Specific mutations of the Myh gene are known to be related to colorectal cancers.
The incidence of different Myh gene mutations varies between different races. The
Myh gene status in the Polish population has never been explored. One has not
demonstrated whether Myh gene mutations may also increase the risk of colorectal
polyps. Since early screening of some colorectal cancer-related genes is already
applied in high risk patients, there is still no consensus as to whether analysis of

Myh gene status should also be included.

PARTICULAR AIMS

determination of the Myh gene variations in the Polish population

determination of the relationship between variations of Myh gene and the incidence

of colorectal polyps and colorectal cancers

determination of the relationship between different hazardous lifestyles and habits

and the incidence of colorectal polyps and colorectal cancers

determination of the relationship between different hazardous lifestyles and habits

and particular Myh gene mutations.

determination of the rationale for of early Myh gene screening, if the Myh gene
mutation variants are involved in the progression of colorectal polyps to colorectal

cancers.
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4. MATERIALS AND METHODS

4.1. STUDY GROUPS

The study group comprised 235 patients who underwent colonoscopy at the
Wielkopolska Cancer Centrum in_years 2004-2008. From these patients tissue
samples (polyps) and blood were collected. The control group comprised 347
healthy people without any specific medical history who have not undergone
colonoscopy. From control patients only blood was collected and sent to our
laboratory for genetic analysis. The study was approved by local bioethical
committee at the University of Medical Sciences. All patients participating in the

study have signed an informed consent.

4.1.1. CRITERIA FOR COLONSCOPY

1. Presence of particular symptoms such as abdominal discomfort, bloody
stools, changes in bowel habits and positive for occult blood in stools. 2.
History of polyps. 3. History of CRC - follow-up colonoscopy. The study group

comprised solely patients from whom colorectal polyps were obtained.

4.1.2. POLYPS AND BLOOD

Each removed polyp was divided into two parts, one was used for pathologic
evaluation and another, along with whole blood, was used for genetic analysis.
Particular information related to patients’ age, gender, lifestyle, previous
medical history and family history, was gathered using specific

questionnaires. (Sec. 9)

4.1.3. CONTROL GROUP

4.2. REAGENTS

1

Agar (Gibco BRL)
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10

Agarose (Promega)

Acrylamide (sigma)

Ammonium persulphate-APS (Sigma)

Bacterial component J]M109 (Promega)

Bisacrylamide (Sigma)

Boric acid (Sigma)

Bromophenol blue power (Sigma)

Buffer

Buffer for coralload PCR reaction contain 15 mM Mg?+ (Qiagen)

Buffer for DNA sequencing 5x concentration (Promega)
Buffer for electrophoresis :
- buffer TAE 1x concentration

- buffer TBE 1x concentration

Buffer for DNA isolation-Wizard Genomic DNA Purification Kit (Promega):

- Cell Lysis Solution

- DNA rehydration solution

- Nuclei Lysis solution

- Protein precipitation solution
Buffer for kinase 10x concentration (Promega)
Buffer for ligation T4 2x concentration (Promega)
Buffer for DNA mini-isolation Minipre Kit (Qiagen)

- BufferP1

- Buffer P2

- Buffer P3
Buffer for DNA filtration (Qiagen)

- Buffer QG

- Buffer PE

- Buffer EB
Buffer for PCR reaction containing 15 mM Mg2+ (Qiagen)
Buffer Q-Solution for PCR reaction (Qiagen)

dATP 100 mM (Promega)
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11

12

13

14

15

16

17

18

19

20

21

22

23

dCTP 100 mM (Promega)

dGTP 100 mM (promega)

Dithanolamine (FLUKA Biochemika)

DNA ladder for 100 bp (Promega) (Figure 4-1)

DNA rehydration solution (Promega)

DNA Sequencing kitDNA Cycle Sequencing System (Promega)
®  ddA Nucleotide mix

®  ddC Nucleotide mix

®  ddG Nucleotide mix

®  ddT Nucleotide mix

® DNA sequencing 5x buffer

® DNA sequencing stop solution

® Taq polymerase for DNA sequencing 5 u/ul (Promega)
dTTP 100 mM (promega)

EDTA (Sigma)

Enzyme

=

Kinase T4 10 u/ul (Promega)
Ligase DNA T4 3 u/pl (Promega)
Taq polymerase for DNA 5 u/pl (Qiagen)

Taq polymerase for DNA sequencing Taq 5 u/ul (Promega)
Ethanol (POCH)

Ethidium bromide (Sigma)
Formamide (Sigma)

Growth medium
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24

25

26

27

28

29

30

31

32

33

34

LB

LB agar

S.0.C (Invitrogen)
Glacial acetic acid (POCH)

Glycerol (Sigma)

Isopropanol (POCH)

Isotope [y-32P] ATP 110TB q/mmol; 3000 Ci/mmol (GE HEALTH CARE)
Luria broth (Sigma)

Penicillin G soda salt 1663 u/mg (Sigma)

Tetramethylethylenediamine (TEMED) 99% (Sigma)

Tris (Sigma)

Urea (Sigma)

Vector: pGEM®-T Easy 50 ng/pl (Promega)

Xylene cynade (Sigma)

Preparation for bacterial growth medium and plates

1. Preparation of LB medium
25 g Luria broth
Add water to 1000 ml

2. Preparation of LB plate
250 ml of LB solution
3 g of agar

Preparation of buffer for electrophoresis
1. 50x TAE

242 g Tris

57.1 ml glacial acetic acid

100 ml 0.5M EDTA (pH 8)

Add water to 1000 ml
2. 1x TAE

20 ml 50x TAE

980 ml water
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10 pl of ethidium bromide
3. 10x TBE

54 g Tris

27.5 gboric acid

20 ml 0.5 M EDTA (pH 8)

Add water to 1000 ml

Preparation of 10 mM dNTP
2.5 pl dATP
2.5 pl dCTP
2.5 pl dGTP
2.5 ul dTTP
Add water to 100 pl

Preparation of 40% PAG solution
190 g acrylamide
10 g bisacrylamide
Add water to 500 ml

Preparation of 95% formamide dye
47.5 ml of 99% formamide
2.5 ml water

A few drops of dithanolamine and xylene cynade

Preparation of gel for electrophoresis
1. 2% agarose gel
2.0 g of agarose
Add 1x TAE up to 100 ml
2. SSCP gel
12 ml 40% PAG solution
16 ml 50% glycerol
8 ml 10x TBE
Add water to 80 ml
3. DNA sequencing gel
6% polyacrylamide gel with 7.5M urea
1.5 g bisacrylamide
28.5 g acrylaminde
225 gurea
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50 ml 10x TBE
Add water to 500 ml

4. LOH analysis gel
6% polyacrylamide gel with 7.5M urea
1.5 g bisacrylamide
28.5 g acrylaminde
225 gurea
50 ml 10x TBE
Add water to 500 ml.

4.3. METHODS

4.3.1. DNA ISOLATION

4.3.1.1. DNA from polyp tissue

The isolation of DNA was performed according to the instructions of the
Wizard Genomic DNA Purification Kit.

Nuclei Lysis solution, at a volume of 600 pl and 120 ul of 0.5M EDTA
(pH>8) were mixed in a centrifuge tube on ice and then 0.5-1 cm of the
polyp sample was mixed with 600 ul EDTA/Nuclei Lysis solution. To
digest the polyp sample, 120 pl of proteinase K was added to the
mixture which was then incubated at 55 °C overnight until the polyp
was totally digested. Then 200 pl of Protein Precipitation Solution at
room temperature was added and the mixture was vortexed vigorously
at a high speed for 20 s. The sample was chilled on ice for 5 min before
being centrifuged for 4 min at 13,000-16,000°g. The supernatant
containing the DNA was removed and placed into a new tube where it
was mixed with 600 pl of isopropanol The tube was gently inverted
until the white thread-like strands of DNA appeared. The tube was
centrifuged to remove the supernatant. The remaining DNA at the
bottom of the tube was washed with with 600 pl of 70% ethanol. This
was centrifuged again and the supernatant removed. The washed DNA
was air dried and 100 pl of DNA rehydration solution was added. The
DNA was stored at 2-8 °C. The amount of DNA was about 10 ng/ul
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4.3.1.2. DNA from blood tissue

The isolation of DNA was performed according to the instructions of the

Wizard Genomic DNA Purification Kit.

A volume of 300 pl of blood was mixed with 900 pl of Cell Lysis Solution.
The mixture was incubated for 10 minutes at room temperature and
inverted 5-6 times during incubation. It was then centrifuged at
13,000-16,0007g and the supernatant was discarded. Vortex The
centrifuge tube was vortexed and the sediment was allowed to
re-suspend before adding 300 pl of Nuclei Lysis Solution into the
re-suspend solution. The mixture was pipetted several times before
adding 300 pl of Protein Precipitation Solution into the mixture and
vortexing again. The mixture was centrifuged at 13000-160007g at
room temperature for 3 min and the clean supernatant was removed
and placed into a new tube. A volume of 300 pl isopropanol was added
into the tube and mixed gently until the white band appeared. The tube
was centrifuged and the supernatant was removed. The remaining DNA
at the bottom of the tube was washed with 600 pul of 70% ethano],
centrifuged again and the supernatant was removed. The washed DNA
was air dried and 100 pl of DNA rehydration solution was added before
storing at 2-8 °C. The amount of DNA was about 10 ng/pl.

4.3.2. PCR-SSCP

4.3.2.1. Confirmation of DNA isolation and determination of the best

reaction temperature

In order to confirm the success of the DNA isolation and to find out the
best PCR temperature for each exon, PCR was performed. Four DNA

samples were randomly chosen from either the blood or polyp samples

for each exon. The PCR was performed PCR at 45 °C, 50 °C, 55 °C, 60 °C
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and 65 °C. (Table 4-1)

The amount used for the PCR reaction was 25 pl: 5 pl of DNA and 20 ul

of the master mix. A volume of 500 pl master mix was prepared for

each exon and the reaction was carried out at different temperatures.

Reagents Master mix Concentration in each
reaction tube.
Colarload PCR buffer 10x 50 ul 1x
5x Q solution 100 pl 1x
Forward Starter150 uM 5ul 1.5 uM
Reverse Starter150 uM 5ul 1.5 uM
dNTP 10 mM 5ul 0.1 mM
Taq polymerase 5 u/pl 5ul 0.05u/pl
DNA samples ~10 ng/pl 100 pl ~2ng/ul
Water 230 ul

Thirty-five cycles of the PCR reaction followed the programmed

temperatures below.

94 °C for 5 min - denaturation

94 °C for 15 s - denaturation

for 15 s - annealing

72 °C for 15 s - elongation

Tested temperature (45 °C, 50 °C, 55 °C,60 °C and 65 °C) | 35 cycles

72 °C for 5 min - continuous elongation

After the PCR reaction was completed, 5 pl of each sample was checked
in 2% agarose gel together with the 100 bp DNA ladder. The
temperature with the most obvious bands indicated the appearance of
the DNA and the best temperature for the PCR reaction.

4.3.2.2. PCR-SSCP analysis

4.3.2.2.1. Labeled primer with isotope
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For the PCR-SSCP analysis, starters were labelled on 5’end with
[gama-32P]ATP (3000 Ci/mmol, Amersham). After being labelled,

they served as primers for the SSCP reaction, and 10 pl of primers

were prepared for each exon.

Reagents Mix Concentration of
mix
Forward Starter150 uM 1ul 15 uM
Reverese Starter150 uM 1ul 15 uM
Kinase 10 u/pl 1ul Tu/ul
Kinase buffer 10x 1ul 1x
[gama-32P]ATP 3000 2ul
Ci/mmol
Water 4 ul

Kinase reaction: 37 °C for 35 min and followed by 85 °C for 10 min.

4.3.2.2.2. PCR reaction

The volume used for the PCR reaction was 5 pl, including 4 pl of

master mix and 1 ul of each DNA sample. Thirty-five cycles of PCR

were performed at the best reaction temperature for the exon. Fifty

samples were tested using 10 pl of primers and 250 pl of the master

mix.
Reagents Master mix Concentration in each
tube
PCR buffer 10x 25ul 1x
5x Q solution 50 ul 1x
Primers 10 ul
dNTPs 10 mM 2.5 ul 0.1 mM
Taq polymerase 5 u/ul 2.5ul 0.05u/ul
DNA ~ 10 ng/ul 50 ul ~3ng/ul
Water 110 pl
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Ninety-five percent formamide dye was added at a volume of 20 pl
and the sample were denaturated at 95 °C for 5 min. The samples

were then ready for electrophoresis.

4.3.2.2.3. Electrophoresis

Solutions Concentration in the gel
12 ml of 40% PAG solution 6% of PAG
16 ml of 50% glycerol 10% of glycerol
8 ml of 10x TBE 1x TBE
Add water to 80 ml

4.3.3.

The solution was gently mixed and 600 pl 10x APS and 60 pl of
TEMED were added before loading the solution in between two glass
plates. The space between the two glass plates was about 0.3 mm.
The solution solidified at room temperature, forming the
electrophoresis gel The glass plates containing the gel in between
them were moved to the electrophoresis machine and 1x TBE
buffer was placed onto the top and bottom of the gel. A volume of 5
ul of each denaturated sample was loaded onto the combs of the gel
A maximum of 49 samples could be run in one gel The voltage of the
electrophoresis was 250V, overnight. The gel was placed onto
Whatman 3MM paper, and the gel was dried and autoradiographed.

DNA PURIFICATION

After autoradiography there were different bands on the X-ray film which

showed different patterns of mobility.

The corresponding sites of those different mobility bands on the gel were

cut and marked as mutations.

One regular mobility band on the gel was also removed and marked as

wild type.

The cut pieces of gel were soaked in water overnight. The DNA material

on the gel dissolved into the water.
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5 Re-amplification:

The same exon as used for the PCR-SSCP was used for the re-amplified PCR
for mutations and wild type. The amount used in the PCR reaction was 25 pl:
5 pl of DNA material in the water and 20 ul of the master mix.

A volume of 150 pl master mix was used for 5 mutations and 1 wild type

sample.
Reagents Master mix Concentration in each
reaction tube
Colarload PCR buffer 10x 15 ul 1x
5x Q solution 30 ul 1x
Forward Starter150 uM 1.5ul 1.5 uM
Reverse Starter150 uM 1.5ul 1.5 uM
dNTP 10 mM 1.5ul 0.1 mM
Taq polymerase 5 u/pl 1.5l 0.05u/pl
DNA samples ~10 ng/pl 30 ul ~2ng/ul
Water 69 ul

The PCR reaction was performed at the best reaction temperature of the exon
for 35 cycles. All of the PCR results were loaded onto 2% agarose gel and
electrophoresiswas carried out at 100 mV. Each band on the gel was cut and

prepared for DNA purification.

4.3.3.1. Column purification (QIA quick purification)

The cut agarose gels which contained the DNA material were placed
into the centrifuge tube and 4 volumes of QG solution to 1 volume of
DNA sample was added and incubated at 55 °C until the DNA sample
was completely dissolved. The dissolved mixture was transferred into a
spin column with a 2 ml collecting tube below and centrifuged for 30-60
s at 50007. The solution in the collecting tube was discarded and the
spin column was washed with 500 pul QG and quickly centrifuged.
Following this, 500 pul of the wash buffer PE was added to the spin
column and centrifuged for 2 min at 50007 followed by 30 s at
13,000-16,0007g. The collecting tube was replaced with the centrifuge
tube and the spin column was centrifuged with the centrifuge tube for 1

min at 13000-16000°g. The centrifuge tubes were discarded, the new
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tube was placed under the spin column and 30 pl of water was added to
the centre of the spin column and centrifuged for 2 min at
13000-16000°g.

The amount of DNA materials in the tubes were usually enough for DNA
sequencing. Sometimes the DNA materials were just not enough, and
the bacterial vector system was used to enhance the number of DNA

fragments needed.

4.3.3.2. T-easy ligation

2x Rapid ligation buffer 5ul
pGEM®-T Easy 50 ng/ul vector 1l
Purified DNA from column purification 3ul
T4 DNA Ligase (3 Weiss units/ul) 1l

To ligate the purified DNA from column purification, the reagents were

prepared as described above and left overnight at 4 °C.

4.3.3.3. Bacterial competent JM 109 transformation

For this procedure, the ligated purified DNA was inserted into bacterial
plasmid DNA.

Each ligated sample (10 pl) was placed into one 50 pl vial of One Shot

Cells Performed and incubated on ice for 30 min. Then the mixture was

heated at 42 °C for exactly 30 s and placed on ice. A volume of 250 pl of

SOC solution was added to each vial and incubated at 37 °C for 1 h with
225 rpm shaking. Penicillin G was applied to the LB agar plate prior to
spreading the transformed cells onto the agar, where 100 pl from the
transformation vial was applied. One transformed vial was sufficient for
three agar plates. The plates were inverted and incubated at 37 °C

overnight.

The surviving bacterial colonies looked like white spots on the agar
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plates. Three to five colonies were chosen and placed into tubes

containing 2 ml of LB medium. These bacterial growth tubes were

incubated overnight at 37°C with gentle shaking.

4.3.3.4. Isolation of the plasmid DNA

A volume of 1.5 ml of the LB medium was removed and placed into a
centrifuge tube and centrifuged for 5 min at 6000°g. The supernatant
was discarded and 50 pl of the P1 buffer was added. The mixture was
pipetted at room temperature; after 5 minutes, 150 pl of the P2 buffer
was added at room temperature and left for 5 min. Then, 150 pl of the

P3 buffer was added to the mixture on ice and gently mixed for 5 min.

The mixture was centrifuged at 4 °C for 10 min at 13000-16000°g and
the supernatant was collected. This procedure was repeated 2-3 times

until there were no white sediments in the supernatant.

A volume of 400 pl isopropanol was added to the supernatant at 4 °C
and gently mixed until the white DNA bands appeared. The mixture was
centrifuged and the sediments washed with 70% ethanol This was
centrifuged again, the supernatant was removed and the DNA sediment
was allowed to air dry before 30 pl of water was added and the DNA was
stored at 2-4 °C.

4.3.4. DNA SEQUENCING

The forward template or reversed template of each exon served as the starter
for DNA sequencing. The starter concentration required for sequencing was 1
uM: 1 pl of 15 pM DNA was diluted in 149 pl of water. The starters were
labelled with [gama-32P] ATP 3000 Ci/mmol.

Reagents Amounts Concentration.
10x kinase buffer 1ul 1x
Kinase 10 u/pl 1ul Tu/ul
Forward starters or reverse starters. 5pul 0.5 uM
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[gama-32P] ATP 3000 Ci/mmol. 2l

Water 1ul

The DNA samples were either from the column purified DNA or isolated from
the bacterial vector system. The master mix for DNA sequencing was as
follows:

Reagents Amounts Concentration
5x DNA sequencing buffer 5ul 1.39x
Taq polymerase for DNA sequencing 5 u/pl 1ul 0.28 u/ul
Labelled primer for forward reaction or 2ul

reverse reaction

Purified DNA 3ul

Water 7 ul

The master mix was divided into four microtubes at a volume of 4 pl and 2 pl
of one of the dNTPs (ddATP, ddCTP, ddGTP or ddTTP) was added to each

microtube.

The PCR was performed at the best temperature for the specific exon for 35
cycles. A volume of 3 pl of sequencing stop buffer was added to each
microtube and denaturation took place at at 95 °C for 5 min. Then 6%
polyacrylamide gel with 7.5M urea mixed with 600ul of 10x APS and 60 pl of
99% TEMED were added. The mixture was evenly placed between two glass
plates and allowed to solidify. The running buffer was 1x TBE and it was
placed onto the top and bottom of the gel. A pre-run at 1200 V for 30 min was
needed. Then, 3 pl of each reaction mixture was loaded according to the
sequence ACGT. Electrophoresis was performed at 2000 V for around one and
a half hours. The gel was placed onto Whatman 3MM paper, dried and then
autoradiographed.

4.3.5. LOH ANALYSIS

Patients with different mobility bands on the PCR-SSCP were indicated by the
LOH analysis, which was performed for both the blood and polyp samples.
Two templates (below) were labelled with [gama-32P] ATP 3000 Ci/mmol

D1S451 |[Forward: 5'-ATCATGGGACTTTGCAGC |
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Reverse: 5’-ATGGCCTGGCATAGTGTG

D1S2677 Forward: 5’-GTTCTGGAGTTTGCCTCTAA
Reverse: 5’-AGCTGTGATTGTNCCACT

Reagents Mix Concentration of the
mix
Forward Starter150 uM 1ul 15 uM
Reverese starter 150 uM 1ul 15 uM
Kinase 10 u/pl 1ul Tu/ul
Kinase buffer 10x 1ul 1x
[gama-32P]ATP 3000 2l
Ci/mmol
Water 4 ul

The reaction volume was 5 pl: 4 pl of master mix and 1 ul of DNA. The master

mix was sufficient for 50 samples (250 pl).

Reagents Master mix Concentration in each tube.
PCR buffer 10x 25 ul 1x
5x Q solution 50ul 1x
Primers 10 ul
dNTPs 10 mM 2.5 ul 0.1 mM
Taq polymerase 5 u/ul 2.5ul 0.05u/ul
DNA ~ 10 ng/ul 50 ul ~3 ng/ul
Water 110 pl

The PCR reaction was performed at 55 °C for both D1S451 and D1S2677, for

35 cycles.

94 °C for 5 min - denaturation

94 °C for 15 s - denaturation
55 °C for 15 s - annealing

72 °C for 15 s - elongation

35 cycles

72 °C for 5 min - continuous elongation

A volume of 20 pl of 95% formamide dye was added to 5 pl of PCR reagents.

Denaturation took place at 95 °C for 5 min. Electrophoresis was performed
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using 6% polyacrylamide gel with 7.5M urea mixed with 600 ul of 10x APS
and 60 pl of 99% TEMED. A pre-run at 1200 V was performed before loading
5 pul onto each comb and running at 2000 V for one and a half hours. The gel

was placed onto Whatman 3MM paper, dried and autoradiographed.

4.3.6. STATISTICAL ANALYSIS

The Pearson’s chi-squared (x2?) and Fisher’s exact tests were used to test the
differences in genotype and allele distribution, between the patients and
control subjects, respectively. Statistical analyses were performed using
Statistica v.7.1 software (Statsoft, USA). For polymorphisms containing less
than five observations per cell the Fisher-Freeman-Halton exact test was
performed using StatsDirect statistical software v.2.6.2. Logistic regression
was employed to calculate the odds ratios (OR) at a 95% confidence interval
(95% CI) and also to calculate the interactions. The odds ratios were calculated
using a demonstration version of GraphPad InStat 2. Linkage disequilibrium
analysis of the Myh and Myh gene polymorphisms was performed using the
free online software Haploview version 4.0. All values were two-sided

(http://www.broad.mit.edu/mpg/haploview/index.php).

Table 4-1 Twelve Exons for the Myh Gene
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Exon 1 Forward: 5’-CAGAGCGCAGAGGCTTTGAAGG

Reverse: 5’-CTGAACGGAAGTTCGACCCATC 60 °C
Exon 2 Forward: 5’-AATTTGGCCTCATTGTGACTGA

Reverse: 5’-AATCTGCCTTTCATGGCCAATG 55 oC
Exon 3 Forward: 5’-CACAGGCTGCTGTGTCCCAAGA

Reverse: 5’-CCCACCCACTGTCCCTGCTCCT 60 °C
Exon 45 |Forward: 5’-AACTCCTCATCTGGGGTTGCAT

Reverse: 5’-GGTCTGACCCATGACCCTTCCC 60 °C
Exon 67 |Forward: 5'-ACCACCTTCACCCTTGACCTTG

Reverse: 5-ACCCAAGACTCCTGGGTTCCTA 50 °C
Exon 8 Forward: 5’-GGAACCCAGGAGTCTTGGGTGT

Reverse: 5-AAGGAGGCTGGGCACGCACAAA BgeC
Exon 9 Forward: 5’-TTTGTGCGTGCCCAGCCTCCTT

Reverse: 5-TGCTGTGAAGCAGAGCTCCTTT 55 oC
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Exon 10 |Forward: 5-AAAGGAGCTCTGCTTCACAGCA

Reverse: 5’-CACTCCTTAGGACTTCTCACTG 65 °C
Exon 11 |Forward: 5-GTAAGCCTACTGGGGAAGGGG

Reverse: 5’-GCAGAATCTTACTCAGGTTAG 50 °C
Exon 12 |Forward: 5’-GCCCTCTTGGCTTGAGTAGGGT

Reverse: 5’-TCTCTTGTTACTCATGCCACTG 60 °C
Exon 13 |Forward: 5-AGGGAATCGGCAGCTGAGGCCT

Reverse: 5-AAAAGCCAACATCCTTGGCTAT 60 °C
Exon 14 |Forward: 5-TATATCCACAGGCCTATTTGAA

Reverse: 5’-ATATTCATGTAGAACATGTAGG 55 oC
Exon 15 |Forward: 5-GACATGAAGTTAAGGGCAGAAC

Reverse: 5-TGTTCACCCAGACATTCGTTAG 55 oC
Exon 16 |Forward: 5’-AACTACAAGGCCTCCCTCCTTCCA

Reverse: 5’-AACAACAGGATTCTCAGGGAATG 60 °C
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Figure 4-1 DNA Ladder for 100 bp (Promega)

ORTITCO3_5A

2% agarose
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5. RESULTS

5.1. GENERAL INFORMATION ABOUT THE STUDY

GROUP

The study group comprised 126 males (51.43%) and 119 females (48.57%). The
mean age of the study group was 59.57 years old. The study group was divided
into two further groups, (i) age 60 or below and (ii) above 60 years of age, for the
purpose of statistic analysis. Accordingly, 114 patients (45.53%) were 60 years
old or younger and 113 (53.47%) were aged above 60 years. Seventy-seven
patients (31.42%) were smokers and 168 (66.14%) were non-smokers; 131
(53.91%) patients had a positive family history of cancer of any kind and 112
(46.10%) had a negative family history of cancer; 27 (11.54%) patients had been
previously treated for CRC or colorectal polyps; 30 (12.82%) patients were
diagnosed with CRC at the moment of polyp removal Among the studied
population 76 patients (31.15%) were of normal body weight (BMI<25) and 168
(68.85%) were obese (BMI>25).

5.2. RESULTS FOR THE DNA ISOLATION AND

TEMPERATURE TESTS

Determination of the best reaction temperature for each exon based on the

observation of the lightest band on the electrophoresis gel under UV light.

Exon 1 Exon 8 Exon 13

60 °C 55°C 60 °C
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Exon 2 Exon 9 Exon 14

55°C 55°C 55°C

Exon 3 Exon 10 Exon 15

60 °C 65 °C 55°C

The Myh exon 1 temperature test

100 bp marker 45 °C 50 °C 55°C

100 bp marker 60 °C 65 °C 70 °C

For Exon 1, the most visible bands were at the temperature of 60 °C, and this

temperature was used for the PRC-SSCP and sequencing of exon 1.

5.3. RESULTS FOR PCR-SSCP
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The Myh exon 2 PCR-SSCP

Wild-type bands are bands that are similar to the most of the other bands; in this
case it meant patients with the same fragment for the Myh exon 2. Mutation bands
are bands which show different mobilities to wild-type bands. All of the mutation

bands and one wild-type band were collected for DNA sequencing analysis.

5.4. RESULTS FOR THE DNA SEQUENCING ANALYSIS

5.4.1. MYH EXON 2 FORWARD

Wild type Mutation 1 Mutation 2
A T C G AT C G A T C G



Reading the result from the bottom to the top:

Myh exon 2 wild-type reading
6686 gccat catgaggaag ccacgagceag ccGtgggaag tggtcacagg aagcaggeag

6741 ccagccagga aggga

Myh exon 2 mutation bands reading:

6686 gccat catgaggaag ccacgagceag ccAtgggaag tggtcacagg aagcaggeag
6741 ccagccagga aggga

This G to A conversion changed the number 22 protein from valine to methionine,
(V22M).

5.4.2. MYH EXON 12 FORWARD

Wild type Mutation 1 Mutation 2
A T C G AT C G A T CG
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Myh exon 12 wild type reading:

9354 acactgg acaGtgccac ctgtgectge cteectegga geeetgggac cagacectgg 9411
gagtggtcaa

Myh exon 12 mutation reading:
9354 acactgg acaCtgccac ctgtgectge ctcectegga geeetgggac cagacectgg 9411

gagtggtcaa

The correspondent protein change was protein 324, glutamine to histamine
(Q324H).

Instead of the most common mutations, Y165C and G382D, for white populations,
the Polish population showed a different pattern of Myh gene mutations. The
V22M and Q324H were more frequent in the Polish population. We found no
Y165C and G382D mutations in our experiment.

5.5. LOH ANALYSIS

LOH analysis was performed on every mutated sample of polyps and blood. No
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LOH was found in the study.

5.6. STATISTICAL ANALYSIS

5.6.1. FREQUENCY DISTRIBUTIONS OF SELECTED VARIABLES
FOR THE V22M Myh (Val22Met) POLYMORPHISM

There were 35 patients with V22M polymorphisms in the study group, 19 of
these patients were aged 60 or below and the rest 16 patients were above 60
years. Statistical analysis showed no significant difference in the distribution
of V22M polymorphism between both age groups. The P-value was 0.672 for
group age 60 or below and 0.6978 for group above 60 years old (Table 5-1).

In next analysis 18 V22M polymorphisms were found in males and 17 in
females. There was no significant difference in occurrence of V22M
polymorphism in relation to gender. The P-value was 0.9885 for male patients

and 0.9881 for female patients.

Ten smoking patients with the V22M polymorphism were found, whereas lack
of the V22M polymorphism was found among 77 smokers. The V22M
polymorphism was found in 25 out of 150 non-smoking patients. Statistic
analysis showed no significant difference in V22M polymorphism
distribution between smoking and non-smoking patients. The P-value for

non-smoking patients was 0.9727 and for smoking patients it was 0.9117.

The V22M polymorphism was found in 19 out of 151 patients who consumed
alcohol regularly and in 16 out of 93 patients who never drank. There was no
statistical difference in distribution of the V22M polymorphism between
drinking and non-drinking patients. The P-value for drinking patients was
0.7305 and for non-drinking patients it was 0.6278.

5.6.2. FREQUENCY DISTRIBUTIONS OF SELECTED VARIABLES
FOR THE Q324H Myh(GIn324His) POLYMORPHISM

The Q324H polymorphism occurred in 31/107 patients whose age were 60
or below and in 42/122 patients aged above 60 years. There was no statistical
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significance in the distribution of Q324H polymorphism between both age
groups. The P-value was 0.6817 and 0.7151 for <60 and > 60 populations,
respectively (Table 5-2).

Regarding the gender, 40/121 male patients and 33/105 female patients were
positive for the Q324H polymorphism. Statistical analysis showed no
differences in Q324H distribution between male and female patients. The
P-value for male was 0.9169 and for female - 0.9059.

For differences in smoking habit, 53/157 non-smoking patients and 20/72
smoking patients were found to have the Q324H polymorphism. There was
no statistical significant in difference in distribution of Q324H
polymorphisms between smoking and non-smoking patients. The P-value for

non-smokers was 0.7882 and for 0.6097 for smokers.

The Q324H polymorphism was found in 45/144 patients, who regularly
consumed alcohol and in 28/85 of non-drinking patients. There was no
significant Q324H distribution difference between drinking and non-drinking
patients. The P-value for the drinking group was 0.9900 and for the
non-drinking group it was 0.9665.

5.6.3. GENOTYPE DISTRIBUTIONS AND ALLELE FREQUENCIES
OF THE V22M Myh (Val22Met) POLYMORPHISM FOR
GENES OF PATIENTS WITH COLON POLYPS AND THE
CONTROL GROUP

Regarding the genotype, in the study group the 22 Val/Val genotype was
detected in 209 patients and in 35 patients the 22 Val/Met genotype was
revealed. In the control group 271 individuals were diagnosed with the 22
Val/Val genotype and 39 individuals with the 22 Val/Met genotype. The
difference in distributions of 22 Val/Val and 22 Val/Met between the study
and the control groups were not statistically significant. The P-value for 22
Val/Val was 0.9209 and for 22 Val/Met it was 0.6858 (Table 5-3).

The analysis of particular alleles revealed 453 Val alleles and 35 Met alleles in
the study group and 581 Val alleles and 39 Met alleles in the control group.
Statistical analysis showed no significant differences in the distributions of

these alleles between the study group and the control group. The P-value for
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Val alleles was 0.9482 and for the Met alleles it was 0.6710.

5.6.4. GENOTYPE DISTRIBUTIONS AND ALLELE FREQUENCIES
OF THE Q324H Myh (GIn324His) POLYMORPHISM FOR
GENES OF PATIENTS WITH COLON POLYPS AND THE
CONTROL GROUP

For the genotype, in the study group 157 patients were diagnosed with the
324GIn/GIn genotype and 73 patients with the 324 Gln/His polymorphism. In
the control group, in 268 individuals the 324 Gln/Gln genotype and in 79
patients the 324 GIn/His genotype were detected. There were no statistically
significant differences in distributions of 324 Gln/GIn and 324 GIn/His
between the study and control groups. The P-value for 324 GIn/Gln in the
study and control groups was 0.3829 and for 324 GIn/His it was 0.0846
(Table 5-4).

For the alleles, 387 GIn alleles and 73 His alleles were found in the study group
and 615 Gln alleles and 79 His alleles were found in the control group.
Statistical analysis showed no significant differences in the distributions of
these alleles between the study and the control groups. The P-value for the Val
alleles in the study and control groups was 0.5870 and for His alleles was
0.0661.

5.6.5. THE ASSOCIATION BETWEEN THE V22M Myh (Val 22Met)
AND THE Q324H Myh (GIn324His) POLYMORPHISM IN
THE STUDY GROUP

In the study group, there were 209 wild-type genotypes and 35 Val/Met
polymorphisms in exons 2. In exon 12, 157 wild-type genotypes and 73
GIn/His polymorphisms were found. There was no significant association
between wild type of these two exons. The P-value was 0.1205. The
association of the heterozygote mutation between V22M and Q324H was
statistically significant. The P-value was 0.0005 (Table 5-5).

5.6.6. THE ASSOCIATION BETWEEN THE V22M Myh(Val 22Met)

AND THE Q324H Myh (GIn324His) POLYMORPHISM IN
THE CONTROL GROUP
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In the control group, 271 wild-type genotypes and 39 Val/Met
polymorphisms were found in exon 2. In the same group in exon 12, 268
wild-type genotypes and 79 GIn/His polymorphisms were found. There was
no statistically significant difference in wild type association between these
two exons. The P-value was 0.3139. The association of heterozygote mutation
between V22M and Q324H was statistically significant. The P-vale was 0.0061
(Table 5-6).

5.6.7. THE ASSOCIATION BETWEEN CANCER FAMILY HISTORY
AND V22M Myh(Val22Met) POLYMORPHISM

The family history of cancer is believed to be a risk factor for colorectal
polyps. In our experiment, 131 patients were positive and 112 patients were
negative for a family history of cancer. Regarding the genotype, 114/131
patients were wild type without mutation, and 17/131 patients were positive
for the 22 Val/Met polymorphism. Furthermore, 94/112 patients were wild
type and 18/112 patients were positive for the V22M polymorphism, in
patients with a negative family history of cancer. The association between
family history of cancer and the V22M polymorphism distribution was not
statistically significant. The P-value for wild-type genotype between the group
of patients with positive family history for cancer and the group with
negative family history for cancer was 0.9235. The P-value for the V22M
polymorphism between the groups of patients with positive and negative
family history for cancer was 0.6814 (Table 5-7).

Analysis of the distribution of alleles revealed 245 Val alleles and 17 Met alleles
in the group of patients with positive family history for cancer. 206 Val alleles
and 18 Met alleles were found among patients with negative family history for
cancer. No statistically significant differences were found in the between
family cancer history and the distribution of particular alleles. The P-value for
Val allele distribution between the positive groups with positive and negative
family history for cancer was 0.9509. The P-value for Met allele distribution
between both groups was 0.6628.

5.6.8. THE ASSOCIATION BETWEEN FAMILY HISTORY FOR
CANCER AND THE Q324H Myh (GIn324His)
POLYMORPHISM
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Of the studied patients in 122 cases, positive histories for cancer have been
found and in 106 patients the incidence of cancer in families was not
demonstrated. Genotype analysis revealed that 88/122 patients were wild type
without mutation and 34/122 patients were positive for the 324 Gln/His
polymorphism. Furthermore, among patients with negative family history for
cancer 67/106 patients were wild type and 39/106 patients were positive for
the Q324H polymorphism. There were no statistically significant differences
in the Q324H polymorphism distribution between both groups. The P-value
for wild type between both groups was 0.5991. The P-value for the Q324H
polymorphism between both groups was 0.3969 (Table 5-8).

In further studies 210 GIn alleles, 34 His alleles and 173 GIn alleles, 39 Hist
alleles were found in patients with positive and negative family history of
cancer, respectively. No statistically significant correlation between family
history of cancer and the distribution of alleles was found. The P-value for the
Gln allele between the positive family history of cancer group and the negative
family history of cancer group was 0.7542. The P-value for the Hist allele
between both groups was 0.3295.

5.6.9. THE ASSOCIATION BETWEEN ADVANCED COLORECTAL
POLYPS AND THE V22M Myh (Val22Met)
POLYMORPHISM

There were 224 patients whose polyps were defined as low risk for the
development of colorectal cancers and 20 patients with advanced polyps. In
the current study one has tried to determine whether there were any
associations between the V22M polymorphism and the particular polyp type.
In patients with low-risk polyps, 191 polyps were wild type and 33 polyps
were V22M polymorphism. In patients with advanced polyps, 18 polyps were
wild type and 2 were V22M polymorphism. The statistical analysis showed no
significant association between the V22M polymorphism and the type of
polyp. The P-value for the wild-type genotype between the low and high risk
polyps was 0.8736. The P-value for the V22M polymorphism between the low
and high risk polyps was 0.8168 (Table 5-9).

The study found 415 Val alleles and 33 Met alleles in the low risk polyp group

and 38 Val alleles and 2 Met alleles in the advanced polyps group. There was

no statistically significant difference in the distribution of Met alleles and the
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advanced polyps. The P-value for the distribution of the Val allele between the
low risk polyps and the advanced polyps was 0.9151. The P-value for the
distribution of the Met allele between the low risk and high risk polyps was
0.8414.

5.6.10. THE ASSOCIATION BETWEEN ADVANCED
COLORECTAL POLYPS AND THE Q324H Myh (GIn324His)
POLYMORPHISM

There were 211 polyps defined as low risk and 19 polyps defined as high risk;
140/211 patients with low-risk polyps had wild-type genotypes and 71/140
patients had the Q324H polymorphism. Among patients with high-risk polyps,
16/18 patients had wild-type genotypes and 2/18 patients had the Q324H
polymorphism. The association between the Q324H polymorphism and the
advanced polyp type was not statistically significant. The P-value for the
wild-type genotype between the low risk polyps and the advanced polyps was
0.5284. The P-value for the Q324H polymorphism between the low risk
polyps and the advanced polyps was 0.2070 (Table 5-10).

In the current study 351 GIn alleles and 71 His alleles were found among
patients with low risk polyps and 34 Gln alleles and 2 His alleles were found
among patients with high-risk polyps. There was no statistically significant
difference between the distribution of Met alleles and the advanced polyps.
The P-value for the distribution of the Gln allele between the low and high-risk
polyps was 0.7013. The P-value for the distribution of the His allele between
the low and high-risk polyps was 0.1829.

5.6.11. THE ASSOCIATION BETWEEN GENDER AND THE V22M
Myh (Val22Met) POLYMORPHISM

There were 102/ 119 female patients with wild-type genome and 17/119
female patients with the heterozygote V22M polymorphism; 107 of 125 male
patients were wild type and 18/125 male patients had the heterozygote V22M
polymorphism. Statistical analysis showed no significant association between
the V22M polymorphism and gender. The P-value for the wild-type genotype
between female and male patients was 0.9944 and the P-value for the
heterozygote mutation between female and male patients was 0.9824 (Table
5-11).
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5.6.12. THE ASSOCIATION BETWEEN GENDER AND THE
Q324H Myh (GIn324His) POLYMORPHISM

There were 75/108 female patients with wild-type genome and 33/108
female patients with the heterozygote Q324H polymorphism; 81 of 121 male
patients were wild type and 40/121 male patients had the heterozygote
Q324H polymorphism. Statistical analysis showed no significant association
between the Q324H polymorphism and gender. The P-value for the wild-type
genotype between female and male patients was 0.9421 and the P-value for
the heterozygote mutation between female and male patients was 0.8752
(Table 5-12).

5.6.13. THE ASSOCIATION BETWEEN CIGARETTE SMOKING
AND THE V22M Myh (Val22Met) POLYMORPHISM

Genotype analysis found that 67/77 smoking patients had the 22 Val/Val
genotype and 10/77 smoking patients had the 22 Val/Met genotype. For
non-smoking patients, 142/167 patients had the 22 Val/Val genotype and
25/147 had the 22 Val/Met genotype. There was no statistical significance in
the association between the V22M polymorphism and smoking. The P-value
for the association between the 22 Val/Val genotype and the smoking and
non-smoking groups was 0.9898. The P-value for the association between the
22 Val/Met genotype and the smoking and non-smoking groups was 0.8717
(Table 5-13).

The allele analysis found that 114 Val alleles and 10 Met alleles were in the
smoking group and 309 Val alleles and 25 Met alleles were in the
non-smoking group. The association between the Met allele and smoking was
not statistically significant. The P-value for the Val allele distribution between
the smoking and non-smoking groups was 0.9953. The P-value for the Met

allele distribution between smoking and non-smoking groups was 0.8578.

5.6.14. THE ASSOCIATION BETWEEN CIGARETTE SMOKING
AND THE Q324H Myh(GIn324His) POLYMORPHISM

The genotype analysis found that 52 of 72 smoking patients had the 324
GIn/GIn genotype while 20 of 72 smoking patients had the 324 GIn/His
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genotype. For non-smoking patients, 104 of 157 had the 324 GIn/GIn
genotype and 53 of 157 had the 324 Gin/His genotype. There was no
statistical significance in the association between the Q324H polymorphism
and smoking. The P-value for the 324 Gln/Gln genotype in association with
the smoking and non-smoking groups was 0.7802. The P-value of the 324
GIn/His genotype in association with the smoking and non-smoking groups
was 0.6117 (Table 5-14).

The allele analysis found 112 GIn alleles and 20 His alleles in the smoking
group and 261 Gln alleles and 53 His alleles in the non-smoking group. The
association between the His allele and smoking was not statistically
significant. The P-value for the distribution of the GIn allele between the
smoking and non-smoking groups was 0.9571. The P-value for the
distribution of the His allele between the smoking and non-smoking groups
was 0.5768.

5.6.15. CIGARETTE SMOKING AND THE RISK FOR ADVANCED
COLORECTAL POLYPS

Of the 77 smoking patients, 3 were diagnosed with advanced (high-risk)
colorectal polyps and 74 with low risk colorectal polyps. For the non-smoking
patients, 17 were diagnosed with advanced colorectal polyps and 151 with
low risk colorectal polyps. Statistic analysis showed an insignificant
association between smoking and the incidence of high-risk polyps. The
P-value was 0.2031 (Table 5-15).

5.6.16. CIGARETTE SMOKING AND THE RISK OF OCCURRENCE
OF COLORECTAL POLYPS GREATER THAN 10 mm IN
DIAMETER

Of the 77 smoking patients, 73 had polyps below 10 mm in diameter and 3
had polyps bigger than 10 mm. Out of the 168 non-smoking patients, 157 had
polyps less than 10 mm in diameter and 11 had polyps bigger than 10 mm.
The association between smoking and a polyp size greater than 10 mm was

statistically insignificant. The P-value was 0.7828 (Table 5-16).

5.6.17. THE ASSOCIATION BETWEEN AGE AND THE V22M Myh
(Val22Met) POLYMORPHISM
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There were 114 patients below age 60 and 140 patients at age 60 or above;
95 patients, who was younger than 60 years old, had wild-type genotypes and
19 patients at this group had the V22M polymorphism; 114 patients, who
were 60 years old or above, had wild-type genotypes and the rest 15 patients
in this group had the V22M polymorphism. The associations between age
<60 and = 60 and the V22M polymorphism were not statistically significant.
The P-value was 0.5112 (Table 5-17).

There were 209 Val alleles and 19 Met alleles in the group below 60 years and
244 Val alleles and 16 Met alleles in the group of 60 years old or above.
Statistical analysis showed no significant difference in the association of Met

alleles distribution and age. The P-value was 0.4898.

5.6.18. THE ASSOCIATION BETWEEN AGE AND THE Q324H
Myh (GIn324His) POLYMORPHISM

There were 107 patients below 60 years old and 122 patients aged 60 or
above; 76 patients, who were younger than 60 years old, had wild-type
genotypes and 31 patients aged below 60 had the Q324H polymorphism; 80
patients aged 60 or above had wild-type genotypes and 42 patients at this
group had the Q324H polymorphism. The associations between age <60 and
260 years and the Q324H polymorphism were not statistically significant.
The P-value was 0.6162 (Table 5-18).

There were 183 Gln alleles and 31 His alleles in the group of patients aged
below 60 years and 202 GIn alleles and 42 His alleles in the group of patients
aged 60 or above. Statistic analysis showed no difference between the

distribution of Met alleles and age. The P-value was 0.5813.

5.6.19. THE ASSOCIATION BETWEEN AGE AND THE RISK OF
DEVELOPING ADVANCED HIGH-RISK COLORECTAL
POLYPS

In the studied population, 17/131 patients with advanced polyps were aged
below 60 years and 3/114 patients with advanced polyps were aged 60 years
or above. Statistical analysis showed a significant difference between the

occurrence of advanced colorectal polyps and age. The P-value was 0.0085.
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Younger patients were at higher risk of developing advanced colorectal polyps
(Table 5-19).

5.6.20. THE ASSOCIATION BETWEEN AGE AND SIZE OF
POLYPS

In the group of patients aged below 60 years, 119 of 131 patients had polyps
<10 mm in diameter and 12/131 patients had polyps larger than 10 mm. In
the group of patients who are 60 years old or above, 111 of 114 patients had
polyps <10 mm in diameter and 3/114 patients had polyps larger than 10
mm. There was a trend toward association of age >60 years old and polyps
>10 mm, however, the P-value was 0.0602, (Table 5-20).

5.6.21. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS
AND ADENOMAS AND THE V22M Myh (Val22Met)
POLYMORPHISM

There were 92 patients with hyperplastic polyps and 147 patients with
adenomas; 80 of patients with hyperplastic polyps had wild-type genotypes,
while 12 patients with hyperplastic polyps had the 22 Val/Met polymorphism.
In the group of patients with adenomas, 124 of 147 patients had wild-type
adenomas and 23 patients had adenomas with the 22 Val/Met polymorphism.
There was no statistical significance regarding the associations between 22
Val/Val and hyperplastic polyps or adenomas. The P-value was 0.9541. There
was also no statistical significance regarding the associations between the
V22M polymorphism in the genotype and hyperplastic polyps or adenomas.
The P-value was 0.7698 (Table 5-21).

There were 172 Val alleles and 12 Met alleles in the patients with hyperplastic
polyps and 271 Val alleles and 23 Met alleles in patients with adenomas. There
was no statistically significant correlation between the occurrence of Val
alleles and hyperplastic polyps or adenomas. The P-value was 0.9714. The
associations between Met alleles and hyperplastic polyps or adenomas were

also statistically insignificant. The P-value was 0.7532.

5.6.22. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS
OR ADENOMAS AND THE Q324H Myh (GIn324His)
POLYMORPHISM
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There were 85 patients with hyperplastic polyps and 139 with adenomas; 54
of patients with hyperplastic polyps had wild-type genotypes and 31 patients
had the 324 Gln/His polymorphism. In the group of patients with adenomas,
98 cases had wild-type adenomas and 41 cases had adenomas with the 324
GIn/His polymorphism. There was no statistically significant correlation
between wild-type genotypes and hyperplastic polyps or adenomas. The
P-value was 0.7127. There was also no statistically significant correlation
between the Q324H polymorphism in the genotype and hyperplastic polyps
or adenomas. The P-value was 0.5262 (Table 5-22).

There were 139 Gln alleles and 31 His alleles in patients with hyperplastic
polyps and 237 Gln alleles and 41 His alleles in patients with adenomas. The
occurrence of Gln alleles between hyperplastic polyps or adenomas had no
statistical significance. The P-value was 0.8248. The associations between His
alleles and hyperplastic polyps or adenomas were statistically insignificant.
The P-value was 0.4864.

5.6.23. THE ASSOCIATION BETWEEN HYPERPLASTIC AND
ADENOMA POLYPS AND THE V22M Myh (Val22Met)
POLYMORPHISM IN SMOKING PATIENTS

The current study included 77 patients who were smokers, 35 of them had
hyperplastic polyps and 42 others had adenomas. Of the patients with
hyperplastic polyps, 33 patients had wild-type genotypes and the other 2 had
the V22M polymorphism. Of the patients with adenomas, 34 of them had the
wild-type genotype and 8 others had the V22M polymorphism. Statistic
analysis showed no significant associations between wild-type genotype and
hyperplastic polyps or adenomas in smoking patients. The P-value was 0.6665.
There was also no statistically significant association between the V22M
polymorphism and hyperplastic polyps or adenomas in smoking patients. The
P-value was 0.2590 (Table 5-23).

In the smoking patients who were diagnosed with hyperplastic polyps, there
were 68 Val alleles and 2 Met alleles; 76 Val alleles and 8 Met alleles were
found in smoking patients diagnosed with adenomas. No statistically
significant correlation was found between Val alleles and hyperplastic polyps

or adenomas in smoking patients. The P-value was 0.8496. There was also no
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statistically significant correlation between Mel alleles and hyperplastic polyps

or adenomas in patients who smoked. The P-value was 0.2139.

5.6.24. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS
OR ADENOMAS AND THE V22M Myh (Val22Met)
POLYMORPHISM IN NON-SMOKING PATIENTS

There were 162 non-smoking patients in the study group, 57 of them were
diagnosed with hyperplastic polyps and 105 were with adenomas. Of the
patients with hyperplastic polyps, 47 had wild-type genotypes and 10 had the
V22M polymorphism. Of the patients with adenomas, 90 had the wild-type
genotype and 15 had the V22M polymorphism. Statistical analysis showed no
significant association between the wild-type genotype and hyperplastic
polyps or adenomas in non-smoking patients. The P-value was 0.9704. There
was also no statistically significant association between the V22M
polymorphism and hyperplastic polyps or adenomas in non-smoking patients.
The P-value was 0.8078 (Table 5-24).

In non-smoking patients diagnosed with hyperplastic polyps, there were 104
Val alleles and 10 Met alleles and 195 Val alleles and 15 Met alleles were found
in non-smoking patients diagnosed with adenomas. No statistically significant
association was found between Val alleles and hyperplastic polyps or
adenomas in non-smoking patients. The P-value was 0.9831. Similarly, no
statistically significant association was found between Mel alleles and
hyperplastic polyps or adenomas in non-smoking patients. The P-value was
0.7889.

5.6.25. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS
OR ADENOMAS AND THE Q324H Myh (GIn324His)
POLYMORPHISM IN SMOKING PATIENTS

In the study group there were 72 smoking patients, of whom 34 were
diagnosed with hyperplastic polyps and 38 with adenomas. Of the patients
with hyperplastic polyps, 23 had wild-type genotypes and 11 the Q324H
polymorphism. Of the patients with adenomas, 29 had the wild-type genotype
and 9 the Q324H polymorphism. Statistic analysis showed no significant
association between wild-type genotype and hyperplastic polyps or adenomas
in smoking patients. The P-value was 0.8829. Similarly, no significant
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association was found between the Q324H polymorphism and hyperplastic
polyps or adenomas in smoking patients. The P-value was 0.7168 (Table
5-25).

In smoking patients diagnosed with hyperplastic polyps, 57 Gln alleles and 11
His alleles were found and 67 Gln alleles and 9 His alleles were found in
smoking patients diagnosed with adenomas. No statistically significant
correlation was found between GIn alleles and hyperplastic polyps or
adenomas. The P-value was 0.9343. There was also no statistically significant
association between His alleles and hyperplastic polyps or adenomas in

smoking patients. The P-value was 0.6792.

5.6.26. THE ASSOCIATION BETWEEN HYPERPLASTIC POLYPS
OR ADENOMAS AND THE Q324H Myh (GIn324Hid)
POLYMORPHISM IN NON-SMOKING PATIENTS

Among 162 non-smoking patients in the study group, 51 were diagnosed
with hyperplastic polyps and 101 were with adenomas. Among the patients
with hyperplastic polyps, 31 had wild-type genotypes and others were with
Q324H polymorphism. Of the patients with adenomas, 69 had the wild-type
genotype and 32 had the Q324H polymorphism. Statistical analysis showed
no significant association between the wild-type genotype and hyperplastic
polyps or adenomas in non-smoking patients. The P-value was 0.7751. Also,
no significant association was found between the Q324H polymorphism and
hyperplastic polyps or adenomas in non-smoking patients. The P-value was
0.6363 (Table 5-26).

In the non-smoking patients diagnosed with hyperplastic polyps there were
82 GIn alleles and 20 His alleles and in the non-smoking patients diagnosed
with adenomas 170 GIn alleles and 32 His alleles were found. No statistically
significant correlation was found between GIn alleles and hyperplastic polyps
or adenomas in the non-smoking patients. The P-value was 0.8712. Similarly,
no statistically significant association was found between His alleles and

hyperplastic polyps or adenomas. The P-value was 0.5953.

5.6.27. THE ASSOCIATION BETWEEN CRC PATIENTS AND
OTHERWISE HEALTHY PATIENTS DIAGNOSED WITH
POLYPS AND THE V22M Myh (Val22Met)
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POLYMORPHISM

Thirty patients were diagnosed with colorectal cancer during the study, and
214 patients were diagnosed solely with colorectal polyps. Among the patients
with colorectal cancer, 25 had the wild-type genotype and 5 had the V22M
polymorphism. Among patients diagnosed with polyps, 184 had the wild-type
genotype and 30 had the V22M polymorphism. No statistically significant
association between the wild-type genotype and CRC or non-CRC patients. The
P-value was 0.9138. Also, no statistically significant association was found
between the V22M polymorphism and CRC-and non-CRC patients with polyps.
The P-value was 0.9524.

There were 55 Val alleles and 5 Met alleles found in CRC patients diagnosed
with polyps and 398 Val alleles and 30 Met alleles were found in non-CRC
patients with polyps. Statistical analysis showed no significant difference
between the frequency of Val alleles and CRC or non-CRC patients diagnosed
with polyps. The P-value was 0.9426. No significant difference can be found
between Met alleles and CRC or non-CRC patients diagnosed with polyps,
either. The P-value was 0.9365.

5.6.28. THE ASSOCIATION BETWEEN CRC PATIENTS AND
OTHERWISE HEALTHY PATIENTS DIAGNOSED WITH
POLYPS AND THE Q324H Myh (GIn324His)
POLYMORPHISM

Among 28 patients diagnosed with CRC 201 patients with only polyps in our
experiment. For the patients with colorectal cancer, 19 had the wild-type
genotype and 9 had the Q324H polymorphism. Of the patients with only
polyps, 137 had the wild-type genotype and 64 had the Q324H polymorphism.
No statistical significance of wild-type genotype was found between the
colorectal cancer patients with polyps and non-colorectal cancer patients with
polyps. The P-value was 0.9011. Also, no statistical significance of Q324H
polymorphism was found between colorectal cancer patients with polyps and
non-colorectal cancer patients with polyps. The P-value was 0.8964 (Table
5-28).

There were 47 Gln alleles and 9 His alleles found in colorectal cancer patients

with polyps and 338 Gln alleles and 44 His alleles were found in non-colorectal
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cancer patients with polyps. Statistical analysis showed no significant
difference of Gln alleles between colorectal cancer patients with polyps and
non-colorectal cancer patients with polyps. The P-value was 0.9932. No
statistical difference of His alleles was found between colorectal cancer
patients with polyps and non-colorectal cancer patients with polyps. The
P-value was 0.9804.

5.6.29. THE ASSOCIATIONS OF V22M Myh (Val22Met)
POLYMORPHISM IN POLYPS-POSITIVE PATIENTS
BETWEEN THE PRESNECE OR ABSENCE OF FAMILY
HITORY OF COLORECTAL CANCER

There were 27 patients with positive family history of colorectal cancer and
217 patients whose family history was negative for this type of cancer. There
were 25/27 patients with the 22 Val/Val genotype and 2/27 with the 22
Val/Met genotype. Among patients with negative family history 184 had the
wild-type genotype and 33 had the V22M genotype. The occurrence of the
wild-type genotype between patients with a family history of colorectal cancer
and patients without such a family history was not significantly different. The
P-value was 0.8804. The occurrence of the V22M genotype between patients
with a positive family history for colorectal cancer and patients with a
negative family history did not differ significantly. The P-value was 0.5003
(Table 5-29).

There were 52 Val alleles and 2 Met alleles found in the patients diagnosed
with polyps with a positive family history of CRC. There were 401 Val alleles
and 33 Met alleles found in patients with polyps who had a negative family
history of CRC. No significant difference was found between the occurrence
of Val alleles and positive or negative family history of CRC in patients
diagnosed with polyps. The P-value was 0.9225. There was also no significant
difference between the frequency of Met alleles and positive or negative
family history of CRC in patients diagnosed with polyps. The P-value was
0.4802.

5.6.30. THE ASSOCIATIONS OF Q324H Myh (GIn324His)
POLYMORPHISM IN POLYPS-POSITIVE ~PATIENTS
BETWEEN POSITIVE AND NEGATIVE FAMILY HISTORY
OF CANCER
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There were 16 polyps-positive patients with family history of CRC who had
the 324 Gin/Gin genotype and 10 who had the 324 Gln/His genotype. Among
patients with negative family CRC history, 140 had the wild-type genotype and
63 had the Q324H genotype. The occurrence of the wild-type genotype among
polyps-positive patients between positive or negative family history for CRC
and was not significantly different. The P-value was 0.8630. The difference in
occurrence of the Q324H genotype among polyps-positive patients between
positive or negative family CRC history was also statistically insignificant. The
P-value was 0.7406 (Table 5-30).

There were 42 alleles of Gln and 10 alleles of His found in polyps-positive
patients with positive family CRC history and 343 GIn alleles and 63 His alleles
found in the polyps-positive patients with negative family history for CRC . No
significant difference was found between the occurrences of His or Gln alleles
among patients with positive or negative family history for CRC. The P-value

was 0.9247 and 0.7016, respectively.

5.6.31. THE ASSOCIATION BETWEEN BODY MASS INDEX AND
THE V22M Myh (Val22Met) POLYMORPHISM

The body mass index (BMI) of 76 patients was within the normal range
(BMI<25) and 168 patients were defined as being overweight or obese
according to the BMI (BMI>25). In the group of patients with normal BMI
group, 67 patients had the wild-type genotype and 9 patients had the V22M
polymorphism. In the population of overweight or obese patients, 142
patients had the wild-type genotype and 26 patients had the V22M
polymorphism. There was no statistically significant association between the
occurrence of the wild-type genotype in the normal and the
overweight/obese group. The P-value was 0.9153. The occurrence of the
V22M polymorphism either showed no significant association with particular
BMI group. The P-value was 0.6479 (Table 5-31).

There were 143 Val alleles and 9 Met alleles found in the normal BMI group
and 310 Val alleles and 26 Met alleles found in the abnormal BMI group. No
statistically significant difference was found between the Val alleles in the
normal and abnormal BMI groups. The P-value was 0.9455. There was also

no significant difference between the occurrences of the Met alleles in
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particular BMI groups. The P-value was 0.6290.

5.6.32. THE ASSOCIATION BETWEEN BODY MASS INDEX AND

THE Q324H Myh (GIn324His) POLYMORPHISM

The BMI of 69 patients was within the normal range (BMI<25) and 160
patient were defined as overweight or obese according to their BMI
(BMI>25). In the normal BMI group, 49 patients presented with the wild-type
genotype and 20 with the Q324H polymorphism. In the overweight or obese
group, 107 patients presented with the wild-type genotype and 53 with the
Q324H polymorphism. There was no statistical significant association
between the occurrence of the wild-type genotype in the group of patients
with normal BMI and increased BMI. The P-value was 0.8771. The occurrence
of the Q324H polymorphism also showed no statistically significant
difference between the BMI<25 and the BMI >25 groups. The P-value was
07652 (Table 5-32).

There were 118 GIn alleles and 20 His alleles found in the group of patients
with normal BMI and 267 Gln alleles and 53 His alleles among patients with
increased BMI. No statistically significant difference in the occurrence of Gln
alleles between the groups with normal and increased BMI. The P-value was
0.9300. There was also no statistical difference of His Alleles found between in
the BMI<25 and BMI>25 groups. The P-value was 0.7364.

.
.

Table 5-1 Frequency distributions of selected variables for the V22M Myh (Val22Met)
polymorphism
Variables V22M Myh V22M Myh P OR, (95% CI)
positive cases negative cases
n=35 n=209
age <60 19 95 0.6792 1.194 (0.6495
to 2.196)
age >60 16 114 0.6978 0.8381(0.444
5to 1.580)
male 18 107 0.9885 1.005 (0.5434
to 1.857)
female 17 102 0.9881 0.9952
(0.5321 to
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1.861)

non-smoker

25

142

0.9727

1.051 (0.6030
to 1.833)

smoker

10

67

0.9117

0.8913
(04189 to
1.896)

drinker

19

132

0.7305

0.8595
(04719  to
1.566)

non-drinker

16

77

0.6278

1.241 (0.6499
to 2.369)

Table 5-2 Frequency distributions of selected variables for the Q324H Myh (GIn324His)

polymorphism
Variables Q324H Myh Q324H Myh P OR, (95% CI)
positive cases negative cases
n=73 n=156

age <60 31 76 0.6817 0.8717 (0.5277
to 1.440)

age >60 42 80 0.7151 1.122 (0.7043 to
1.787)

male 40 81 0.9169 1.055 (0.6596 to
1.688)

female 33 75 0.9059 0.9403 (0.5732
to 1.542)

non-smoker 53 104 0.7822 1.089 (0.7069 to
1.678)

smoker 20 52 0.6097 0.8219 (0.4574
to 1.477)

drinker 45 99 0.9900 0.9714 (0.6200
to 1.522)

non-drinker 28 57 0.9655 1.050 (0.6173 to
1.785)

Table 5-3 Genotype distributions and allele frequencies of the V22M Myh (Val22Met)

polymorphism for genes of patients with colon polyps and the control group
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Gene | Polymorphism Cases? (n=244) | Controlsa pb OR,P, (95% CI)¢
(n=310)

Genotypes

22 Val/Val 209 271 0.9209 0.9798 (0.7658 to
1.254)

22 Met/Met 0 0

22 Val/Met 35 39 0.6858 1,140 (0.7011 to 1.854)

Alleles

Val 453 581 0.9482 0.9906 (0.8351 to
1.175)

Met 35 39 0.6710 1.140 (0.7115 to 1.827)

Met allele 0.0717 0.0629 0.5603

Table 5-4 Genotype distributions and allele frequencies of the Q324H Myh (Gln324His)
polymorphism for genes of patients from the study and the control groups

Gene | Polymorphism Casesa Controls? pb OR, P, (95% CI) ¢
(n=230) (n=347)

Genotypes
324 GIn/Gln 157 268 0.3829 0.8838 (0.6828 to 1.144)
324 His/His 0 0
324 GIn/His 73 79 0.0846 1.394 (0.9733 to 1.997)
Alleles
Gln 387 615 0.5870 0.9494 (0.7982 to 1.129)
His 73 79 0.0661 1.394 (0.9929 to 1.957)
His allele 0.158 0.114 0.135

Table 5-5 The association between the V22M Myh (Val22Met) and the Q324H Myh
(GIn324His) polymorphisms in the study group

Genotypes V22M Myh Q324H Myh P OR, (95% CI)
(Val22Met) n=244 (GIn324His)
n= 230
Wild -type 209 157 0.1205 1.255 (0.9536 to 1.651)
Homozygote | 0 0 - -
(mutant)
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Heterozygote
(mutant)

35

73

0.0005

04519 (0.2906 to
0.7028)

Table 5-6 The association between the V22M Myh (Val22Met) and Q324H Myh
(GIn324His) polymorphisms in the control group

Genotypes V22M Myh Q324H Myh P OR, (95% CI)

(Val22Met) n=310 (GIn324His)

n= 347

Wild type 271 268 0.3139 1.132(0.9011 to 1.422)
Homozygote |0 0 - -
(mutant)
Heterozygote | 39 79 0.0061 0.5526 (0.3656 to
(mutant) 0.8353)

Table 5-7 The association between cancer family history and the V22M Myh (Val22Met)

polymorphism
Gene | Polymorphism Positive family Negative family | Pb OR, (95% CI) ¢
history for history for
cancer n=131 cancer
n=112
Genotypes
22 Val/Val 114 94 0.9235 1.037 (0.7149 to
1.504)
22 Met/Met 0 0 - -
22 Val/Met 17 18 0.6814 | 0.8075 (0.3972 to
1.641)
Alleles
Val 245 206 0.9509 1.017 (0.7862 to
1.315)
Met 17 18 0.6628 0.8075 (0.4064 to
1.604)
Met allele 0.0649 0.0803 0.5130

Table 5-8 The association between family history for cancer and the Q324H Myh

(GIn324His) polymorphism
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Gene | Polymorphism Positive family | Negative family | Pb OR,p, (95% CI)¢
history history
n=122 n=106
Genotypes
324 GIn/Gln 88 67 0.5991 1.141(0.7567 to
1.721)
324 His/His 0 0 - -
324 GIn/His 34 39 0.3696 0.7575 (0.4465 to
1.285)
Alleles
Gln 210 173 0.7542 1.055 (0.8029 to
1.385)
His 34 39 0.3295 0.7575 (0.4615 to
1.243)
His allele 0.139 0.184 0.1917

Table 5-9 The association between advanced colorectal polyps and the V22M Myh

(Val22Met) polymorphism

Gene | Polymorphism Polyps with Advanced pb OR, P, (95% CI)¢
low risk of colorectal polyps
colon cancer n=20
n=224
Genotypes
22 Val/Val 191 18 0.8736 0.9474 (0.4870 to
1.843)
22 Met/Met 0 0 - -
22 Val/Met 33 0.8616 1.473 (0.3290 to
6.597)
Alleles
Val 415 38 0.9151 0.9751(0.6133 to
1.550)
Met 33 2 0.8414 1.473 (0.3408 to
6.368)
Met allele 0.074 0.050 0.5740

Table 5-10 The association between advanced colorectal polyps and the Q324H Myh

(GIn324His) polymorphism
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Gene | Polymorphism Low risk High-risk pb OR, (95% CI)¢
polypsn=211 | polyps n=18

Genotypes

324 GIn/GIn 140 16 0.5284 0.7464 (0.3682 to
1.513)

324 His/His 0 0 - -

324 GIn/His 71 2 0.2070 3.028 (0.6854 to
13.381)

Alleles

Gln 351 34 0.7013 0.8807 (0.5397 to
1.437)

His 71 2 0.1829 3.028 (0.7130 to
12.862)

His allele 0.168 0.055 0.0759

Table 5-11 The association between gender and the V22M Myh (Val22Met)

polymorphism
Genotypes Female Male P OR, (95% CI)
V22M Myh n=119 n=125
Wild type 102 107 0.9944 1.001 (0.6919 to 1.449)
Homozygote 0 0 - -
Heterozygote 17 18 0.9824 0.9921 (0.4882 to 2.016)
Table 5-12 The association between gender and the Q324H Myh (GIn324His)
polymorphism
Genotypes Female Male P OR, (95% CI)
Q324H Myh n=108 n=121
Wild type 75 81 0.9421 1.037 (0.6902 to 1.559)
Homozygote 0 0 - -
Heterozygote 33 40 0.8752 0.9243 (0.5446 to 1.569)

Table 5-13 The association between cigarette smoking and the V22M Myh (Val22Met)

polymorphism
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Gene | Polymorphism Smokers Non- smokers | Pb OR, (95% CI)«
n=77 n=167
Genotypes
22 Val/Val 67 142 0.9898 1.023 (0.6882 to 1.522)
22 Met/Met 0 0 - -
22 Val/Met 10 25 0.8717 0.8675 (0.3970 to
1.896)
Alleles
Val 144 309 0.9953 1.011 (0.7678 to 1.331)
Met 10 25 0.8578 0.8675 (0.4065 to
1.851)
Met allele 0.0649 0.0749 0.5496
Table 5-14  The association between cigarette smoking and the Q324H Myh

(GIn324His) polymorphism

Gene | Polymorphism Smokers Non- smokers | Pb OR, (95% CI) ¢
n="72 n=157

Genotypes

324 GIn/GIn 52 104 0.7802 1.090 (0.7061 to 1.683)

324 His/His 0 0 - -

324 GIn/His 20 53 0.6117 0.8229 (0.4583 to
1.477)

Alleles

Gln 122 261 0.9571 1.019 (0.7613 to 1.365)

His 20 53 0.5768 0.8229 (0.4743 to
1.428)

His allele 0.138 0.169 0.4004

Table 5-15 Cigarette smoking and the risk of advanced colorectal polyps

Smoking status Smoker Non-smoker P OR, (95% CI)
Advanced 3 (3.89%) 17 (10.12%) 0.2031 2.597
colorectal polyps (0.7389-9.129)
Polyps with low 74 (96.11%) 151 (89.88%) 0.7672 0.9352

risk of colon

cancer

(0.6348-1.378)
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Table 5-16 Cigarette smoking and the risk of colon polyps greater than 10 mm in size

Smoking status Smoker Non-smoker P OR, (95% CI)

Polyps < 10 mm 73 (94.81%) 157 (93.45%) 1.000 0.9857
(0.6693-1.452)

Polyps >10 mm 4 (5.19%) 11 (6.55%) 0.7828 1.260
(0.3888-4.086)

Table 5-17 The associations between age and the V22M Myh (Val22Met) polymorphism

Gene | Polymorphism Age <60 Age 260 pb OR, (95% CI)¢
n=114 n=130

Genotypes
22 Val/Val 95 114 0.8610 0.9503 (0.6559 t0 1.377)
22 Met/Met 0 0
22 Val/Met 19 16 0,5112 1.354 (0.6650 to 2.758)
Alleles
Val 209 244 0,9091 0.9768 (0.7558 to 1.262)
Met 19 16 0,4898 1.354 (0.6802 to 2.696)
Met allele 0.0833 0.0615 0.3521

Table 5-18 The associations between age and the Q324H Myh (GIn324His) polymorphism

Gene Polymorphism Age <60 Age 260 pb OR, (95% CI) ¢
n=107 n=122

Genotypes

324 GIn/Gln 76 80 0.7791 1.083 (0.7207 to 1.628)

324 His/His 0 0 - -

324 GIn/His 31 42 0.6162 0.8416 (0.4944 to
1.432)

Alleles

Gln 183 202 0.8692 1.033 (0.7873 to 1.355)

His 31 42 0.5813 0.8416 (0.5108to
1.386)

His allele 0.1448 0.1721 0.4262
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Table 5-19 The associations between age and the risk of occurrence of advanced

colorectal polyps
Polyps Age <60 Age 260 P OR, (95% CI)
n=131 n=114

Advanced colorectal 17 (12.98%) 3 (2.63%) 0.0085 4.931

polyps (1.408-17.265)

Polyps with low risk | 114 (87.02%) 111 (97.37%) | 0.5796 0.8937

of colon cancer (0.622 - 1.284)

Table 5-20 The associations between age and polyp size

Polyp size Age <60 Age 260 P OR, (95% CI)

n=131 n=114

Polyps <10 mm 119 (90.84%) | 111 (97.37%) 0.7140 0.9329
(0.6506-1.338)

Polyps >10 mm 12 (9.16%) 3 (2.63%) 0.0602 3.481
(0.958-12.647)

Table 5-21 The associations between hyperplastic and adenoma polyps and the V22M
Myh (Val22Met) polymorphism

Gene | Polymorphism Hyperplastic polyps | Adenomas pb OR, (95% CI)¢
n=92 n=147

Genotypes

22 Val/Val 80 124 0.9541 1.031(0.7026 to
1.512)

22 Met/Met 0 0 - -

22 Val/Met 12 23 0.7698 0.8336 (0.3957
to 1.756)

Alleles

Val 172 271 09714 1.014 (0.7777 to
1.322)

Met 12 23 0.7532 0.8336 (0.4050
to 1.716)

Met allele 0.0652 0.0782 0.5957
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Table 5-22 The associations between hyperplastic polyps or adenomas and the Q324H
Myh (GIn324His) polymorphism

Gene | Polymorphism Hyperplastic polyps | Adenomas pb OR, (95% CI) ¢
n=85 n=139

Genotypes

324 GIn/GIn 54 98 0.7127 0.9011 (0.5873
to 1.383)

324 His/His 0 0 - -

324 GIn/His 31 41 0.5262 1.236 (0.7212
to 2.120)

Alleles

Gln 139 237 0.8284 0.9591 (0.7224
to 1.273)

His 31 41 0.4864 1.236 (0.7468
to 2.047)

His allele 0.182 0.147 0.3277

Table 5-23 The associations between hyperplastic polyps or adenomas and the V22M

Myh (Val22Met) polymorphism in smoking patients

Gene | Polymorphism | Hyperplastic polyps | Adenomas | Pb OR, (95% CI)¢
n=35 n=42

Genotypes

22 Val/Val 33 34 0.6665 1.220 (0.6350 to
2.345)

22 Met/Met 0 - -

22 Val/Met 2 0.2590 0.3143 (0.06268 to
1.576)

Alleles

Val 68 76 0.8496 1.074 (0.6807 to
1.694)

Met 2 8 0.2139 0.3000 (0.06167 to
1.459)

Met allele 0.0285 0.0952 0.0963

Table 5-24 The associations between hyperplastic polyps or adenomas and the V22M

Myh (Val22Met) polymorphism in non-smoking patients
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Gene | Polymorphism | Hyperplastic polyps | Adenomas | PP OR, (95% CI)¢
n=57 n=105

Genotypes

22 Val/Val 47 90 0.9704 0.9620 (0.5964 to
1.552)

22 Met/Met 0 0 - -

22 Val/Met 10 15 0.8078 1.228 (0.5182 to
2911)

Alleles

Val 104 195 0.9831 0.9825 (0.7065 to
1.366)

Met 10 15 0.7889 1.228 (0.5343 to
2.823)

Met allele 0.0877 0.0714 0.5998

Table 5-25 The associations between hyperplastic polyps or adenomas and the Q324H

Myh (GIn324His) polymorphism in smoking patients

Gene | Polymorphism Hyperplastic polyps | Adenomas pb OR, (95% CI)«
n=34 n=38

Genotypes

324 GIn/Gln 23 29 0.8829 0.8829 (0.4328
to 1.815)

324 His/His 0 - -

324 GIn/His 11 9 0.7168 1.366 (0.5049
to 3.696)

Alleles

Gln 57 67 0.9343 0.9508 (0.5875
to 1.539)

His 11 9 0.6792 1.366 (0.5336
to 3.497)

His allele 0.162 0.118 0.4471

Table 5-26 The associations between hyperplastic polyps or adenomas and the Q324H

Myh (GIn324His) polymorphism in non-smoking patients
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Gene | Polymorphism Hyperplastic polyps | Adenomas | Pb OR, (95% CI) ¢
n=51 n=101

Genotypes

324 GIn/Gln 31 69 0.7751 0.8897 (0.5178 to
1,529)

324 His/His 0 0 - -

324 GIn/His 20 32 0.6363 1.238 (0.6446 to
2.377)

Alleles

Gln 82 170 0.8712 0.9552 (0.6696 to
1,363)

His 20 32 0.5953 1.238 (0.6743 to
2.272)

His allele 0.196 0.158 0.4064

Table 5-27 The associations between CRC- or non-CRC patients diagnosed with polyps
and the V22M Myh (Val22Met) polymorphism

Gene | Polymorphism Polyps in CRC | Polyps in pb OR, (95% CI)¢
patients otherwise healthy
(n=30) patients (n=214)
Genotypes
22 Val/Val 25 184 0.9138 0.9692 (0.5501
to 1.707)
22 Met/Met 0 0 - -
22 Val/Met 5 30 0.9524 1.189 (0.4282 to
3.301)
Alleles
Val 55 398 0.9426 0.9858 (0.6670
to 1.457)
Met 5 30 0.9365 1.189 (0.4441 to
3.183)
Met allele 0.0833 0.0701 0.7107

Table 5-28 The associations between polyps in CRC patients or otherwise healthy
patients and the Q324H Myh (GIn324His) polymorphism
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Gene | Polymorphism Polypsin CRC | Polyps in pb OR, (95% CD)¢
patients otherwise healthy
(n=28) patients
(n=201)
Genotypes
324 GIn/Gln 19 137 0.9011 1.040 (0.5589 to
1.936)
324 His/His 0 0 - -
324 GIn/His 9 64 0.8964 1.055 (0.4731 to
2.351)
Alleles
Gln 47 338 0.9932 0.9982 (0.6599
to 1.510)
His 9 64 0.9804 1.009 (0.4760 to
2.141)
His allele 0.161 0.159 0.9694

Table 5-29 The associations of V22M Myh (Val22Met) polymorphism in polyps-positive

patients between positive and negative family history for CRC.

Gene | Polymorphism Polyps in Polyps in pb OR, (95% CI)¢
patients with patients with
positive family negative family
history for CRC [ history for CRC
(n=27) (n=217)
Genotypes
22 Val/Val 25 184 0.8804 1.092 (0.6123 to
1.947)
22 Met/Met 0 0 - -
22 Val/Met 2 33 0.5003 0.4871(0.1106 to
2.145)
Alleles
Val 52 401 0.9225 1.042(0.6956 to
1.562)
Met 2 33 0.4802 0.4871(0.1136 to
2.088)
Met allele 0.037 0.076 0.2953
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Table 5-30 The associations of Q324H Myh (GIn324His) polymorphism in
polyps-positive patients between positive and negative family history for

CRC.
Gene | Polymorphism Polyp patients Polyp patients pb OR, (95% CI)¢
with positive with negative
family history family history
for CRC for CRC
(n=26) (n=203)
Genotypes
324 GIn/Gln 16 140 0.8630 0.8923 (0.4616
to 1.725)
324 His/His 0 0 - -
324 GIn/His 10 63 0.7406 1.239 (0.5668 to
2.710)
Alleles
Gln 42 343 0.9247 0.9560 (0.6211
to 1.472)
His 10 63 0.7016 1.239(0.5990 to
2.564)
His allele 0.192 0.155 0.5820

Table 5-31 The association between body mass index (BMI) and the V22M Myh
(Val22Met) polymorphism

Gene | Polymorphism BMI<25 BMI>25 pb OR, (95% CI) ¢
(n=76) (n=168)

Genotypes
22 Val/Val 67 142 0.9153 1.043 (0.7010 to 1.552
22 Met/Met 0 0 - -
22 Val/Met 9 26 0.6479 0.7652(0.3420 to 1.712)
Alleles
Val 143 310 0.9455 1.020 (0.7740 to 1.343)
Met 9 26 0.6290 0.7652 (0.3500 to 1.673)
Met allele 0.059 0.077 0.4748

Table 5-32 The association between body mass index (BMI) and the Q324H Myh
(GIn324His) polymorphism
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Gene | Polymorphism BMI<25 BMI>25 pb OR, (95% CI)¢
(n=69) (n=160)

Genotypes
324 GIn/GIn 49 107 0.8771 1.062 (0.6835 to 1.650)
324 His/His 0 0 - -
324 GIn/His 20 53 0.7652 0.8750 (0.4866 to 1.574)
Alleles
Gln 118 267 0.9300 1.025 (0.7633 to 1.376)
His 20 53 0.7364 0.8750 (0.5039 to 1.519)
His allele 0.145 0.166 0.5738
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6. DISCUSSION

Instead of the most commonly found Myh mutations in white populations which are
the Y165C and G382D polymorphisms, the Polish population tends to have V22M
and Q324H polymorphisms. The difference in the type of Myh mutations between
the Polish population and the whole Caucasian populations is quite significant. The
roles of the Y165C and G382D polymorphisms in the development of colorectal
polyps and colorectal cancer are well defined. If the V22M and Q324H
polymorphisms are involved in colorectal polyp and colorectal cancer development,
the mechanisms responsible for development of colorectal polyp and colorectal

cancer in the Polish population may be different.

There was no significant difference in the frequency of analyzed Myh
polymorphisms between the study and control group. This indicates that both
polymorphisms found in the Polish population do not modify the risk of
development of colorectal polyps or cancer. The V22M and Q324H polymorphisms

have not been demonstrated to be involved in the development of colorectal polyps.

During the study 30 patients were diagnosed with colorectal cancer while
undergoing prophylactic colonoscopy. Genetic analysis of these colorectal cancer
patients did not show increased frequency of V22M and Q324H polymorphisms
compared to patients diagnosed solely with colorectal polyps. This observation is in
accordance with results of our study which demonstrated that V22M and Q324H
polymorphisms are not involved in the progression of colorectal polyps to
colorectal cancer. Additionally, the V22M and Q324H polymorphisms in the Polish
population are not involved in the transition from normal colorectal tissue to

colorectal polyps.

The Myh gene causes diseases via an autosomal recessive inheritance pathway.
Theoretically, it causes diseases only when homozygous recessive genes occur. In a
study of Fay Kastrinos et al and Takeshi Kambara et al, heterozygous mutations of
the Myh gene were found to increase the risk of colorectal cancer by about 3 fold,
whereas homozygous mutations of the Myh gene increased this risk by about
50-100 folds.*748 In the current study, homozygous mutations were not discovered.
Both, the V22M and Q324H polymorphisms ware heterozygous mutations. No
statistically significant increase in V22M or Q324H polymorphisms in polyp or
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cancerous patients was found. The results indicate that heterozygous mutations of

V22M and Q324H do not increase the risk of colorectal polyps and cancers.

No LOH was found in patients with V22M or Q324H polymorphisms. The LOH is
designed to localize small genetic modifications that alter functions of particular
genes. The negative LOH result means that the active Myh allele was still functional
It also explains why there was no increase in the incidence of colorectal polyps or

colorectal cancer even though V22M and Q324H polymorphisms were found.

The close association between the V22M and Q324H polymorphisms indicates that
the V22M polymorphism may cause the Q324H polymorphism. The result of the
V22M polymorphism is a change in the signal binding site on the mitochondrial
membrane.*858 Does this signal change cause further genetic changes in other
exons? According to results of the current study, the occurrence of the V22M and
Q324H polymorphisms seems to be closely related. The exact mechanism of this
phenomenon is unknown. However, this close relationship between both

polymorphisms is not involved in the development of colorectal polyps or cancer.

The Q324H polymorphism is supposed to be associated with extracolonic lesions,
especially with endometrial cancers.6¢ In the current study, in patients with family
history of various cancers, a difference in the frequency of the V22M
polymorphism or the Q324H polymorphism was not shown. In our female study
group, no endometrial cancer was diagnosed with colorectal polyps. No second
tumor was found in patients diagnosed with colorectal polyps. The association
between Q324H polymorphism and extracolonic cancers is not obvious in Polish

population.

Male population has been reported to have an increased incidence of colorectal
cancer compared to females.1314 Colorectal polyps are the precancerous lesions, and
the males are assumed to have more polyps than females. More genetic variations
might be discovered in the male population. In the current study, two Myh
polymorphisms, V22M and Q324H were equally distributed between both genders.

In the histopathological classification of colorectal polyps, class I and II are defined
as low risk polyps, and class Il is defined as advanced polyps. There were no
statistically significant differences in the appearance of polyps among different age
groups in the present study. However, in the younger patients (<60 years old), there

was a higher tendency to develop advanced colorectal polyps. Colorectal polyps can
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be found in the majority of people aged above 60 years. Most of those polyps are
benign, with no malignant tendency, and usually no symptoms are associated with

colorectal polyps.

Hyperplastic polyps and adenomatous polyps are thought to have different
developmental pathways. The accumulation of Myh gene mutations in the K-ras
gene leads to development of hyperplastic polyps5 and the accumulation of Myh
gene mutations in APC leads to development of adenomatous polyps.5s The
frequencies of the V22M and Q324H polymorphisms were not significantly
different between the hyperplastic polyps and adenomatous polyps studied in the
current experiment. Both polymorphisms were not involved in the development of

these particular polyps.

Only 5% of colorectal cancers have a particular genetic bacground.283033:454851 Most
patients with genetic defects develop polyps early in life and these polyps convert
into colorectal cancer at younger age than is usually observed in otherwise healthy
patients. According to results of the current study, the difference in V22M and
Q324H polymorphisms between high and low risk colorectal polyps was statistically
insignificant. These two polymorphisms were not associated with the development

of advanced polyps.

More polyps with a tendency of malignant transformation were found in Polish
patients aged below 60 years. . The V22M and Q324H polymorphisms were not
shown to lead to early development of advanced colorectal polyps. Thus the
recommended age for starting prophylactic colonoscopy in otherwise healthy Polish

population should be below 50 years.

Smoking is a well-known risk factor for various cancer types, including colorectal
cancer. Since 90%of colorectal cancers originate from colorectal polyps it was
important to evaluate whether smoking was a risk factor for the development of
colorectal polyps. In the current study, there was no statistically significant
relationship between smoking and the development of colorectal polyps or
colorectal cancer. Some researchers reported that smoking is a risk factor for the
development of hyperplastic polyps.2! There is no predisposition for the
development of hyperplastic polyps or other kinds of colorectal polyps in patients
who smoke. There is no significant relationship between smoking and the size of
the polyps. The larger the polyps are the greater possibility for malignant

transformation. Smoking was not shown to be related to the development of large
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polyps.

Smoking is one of many important environmental secondary hits for cancer genes.
22 Small mutations in cancer genes are called first hits. People with first hits in the
cancer genes may not have an increased risk of cancer development. But when
combined with environmental secondary hits, the risk of cancer increases.s®
Smoking does not increase the frequency of V22M and Q324H polymorphisms in
patients with colorectal polyps or in patients with colorectal cancer. Smoking is not
an environmental secondary hit in V22M or Q324H polymorphisms. Smoking has
been demonstrated to be neither a risk factor for colorectal polyps nor for colorectal

cancer.

Fatty acids are believed to be a main source of the oxidative stress mediators in the
body.25 The excess intake of fatty foods and overweight has been reported to
increase the risk of colorectal cancer. The oxidative damage of normal genes
increases the risk of cellular changes and the development of cancer. The
overweight patients (BMI>25) were not at increased risk of colorectal polyps
development and did not demonstrate increased frequency of V22M and Q324H
polymorphisms. Overweight also was not demonstrated to cause the Myh gene
polymorphism and probably it is not a risk factor for the development of colorectal

polyps and colorectal cancer.

The inheritance pathway of some cancers, such as breast cancer has been well
established.”0 Genetic defects can be passed on to further generations. A family
history of cancer is always a very important indication for cancer screening at an
early age. Genetic screening has become more and more popular in patients with
family histories of particular cancers. In the current study, the incidence of V22M
and Q324H polymorphisms showed was not significantly different between
between groups of patients with positive or negative family history for cancer. Thus,

no inheritance pathways were indicated in the V22M and Q324H polymorphisms.

Genetic mutations can cause accumulation of carcinogens throughout life and can
ultimately lead to cancer development in older patients. Cancers are generally
believed to be an old age disease, although the incidence of some types of cancer is
increasing at earlier ages. In our study, cells with V22M and Q324H polymorphisms
do not alter the ability to repair oxidative DNA damages even in older cells. The risk
for younger patients to develop advanced colorectal polyps is higher than elder

patients in Polish population, the frequencies of these two polymorphisms were
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statistic insignificant between the different ages.

The exposure to environmental hazards is an important factor responsible for
environmental secondary hits on cancer genes.2269 A long period and high
frequency of exposure to environmental hazards increase the possibility of
activation of oncogenes and inhibition of suppressor genes which ultimately lead to
development of cancers. The degree of first hit genetic mutations and the amounts
of smoking or alcohol consumption are known risk factors for cancer development.
There are many environmental secondary hits, such as radiation, alcohol

consumption, lifestyle, habits and other environmental hazards.

The current study compared frequencies of V22M and Q324H polymorphisms in
patients who had smoking and alcohol drinking habits with patients who had no
smoking or alcohol consumption habits. These two lifestyle choices have been
reported to be the most common lifestyle hazards for inducing secondary hits on
genetic variations. The equal appearance of these two polymorphisms in these two
groups of patients indicated that the combination of cigarettes and alcohol did not

increase the frequency of Myh gene variations found in our study:.

Age, gender, being overweight, cigarette smoking and alcohol consumption do not
increase the frequencies of V22M and Q324H polymorphisms in Polish population.
Additionally, these two polymorphisms do not increase the risk of development of
colorectal polyps or cancer. Morphologically, the relationship between these factors
and colorectal polyps and cancer is well established. These factors increase the risk
of both colorectal polyps and cancer. However, at the molecular level, the genes

which are affected by these factors have not been determined.

The association between V22M and Q324H polymorphisms and incidence of
colorectal polyps and cancer is not statistic significant. The early development of
advanced polyps in the Polish population indicates that other genetic variations
must also be involved. The genetic variations involved in the development of
colorectal polyps and cancers may not be located only in the Myh gene exons. Or,
the development of colorectal polyps and cancers in the Polish population might be
mediated by other genetic pathways, such as involving MGMT or MMR gene
mutations. Changes in Myh introns have been discovered and some of these
variations were found to modulate gene translation and transcription, altering the

normal gene functions.*856
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Genetic counseling is believed to represent a good preventive method for inherited
cancers. Genetic counseling can prevent the progress of precancerous lesions into
cancer. Such an approach prevents from cancer incidence by thorough cancer
screening at an early age and removal of all possible precancerous lesions. FAP
patients with APC gene mutations and patients with BRCA1 or BRCAZ germline gene
mutations are examples of cancer prevention by genetic counseling. In the current
study, Myh gene variations were not related to occurrence of colorectal polyps or
cancer in the Polish population. This observation excludes Myh gene screening and
subsequent genetic counseling as a preventive measure for the development of

colorectal polyps or cancer.
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7. CONCLUSION

1. The incidence of the most common Myh gene variations (V22M and

Q324H) was not related with increased frequency of colorectal polyps.

2. The V22M and Q324H Myh gene polymorphisms were not associated

with increased incidence of neoplastic transformation of colorectal

polyps.

3. A close relationship between V22M and Q324H polymorphisms was

found but it role has been not elucidated.

4. In the studied population, advanced, high-risk colorectal polyps were

more frequent in younger patients aged below 60 years,

5. Age, gender, overweight, smoking or alcohol consumption were not
shown to be associated with increased the frequency of V22M and

Q323H polymorphisms.
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10.QUESTIONNAIRE

Questionnaire
This questionnaire is for the research program for

prevention and healing of colorectal cancer.

Name:
PSESL

Date of Investigation:

Instruction:

Please answer “Yes” or “No” by using check sign or cross sign
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A. GENERAL INFORMATION

1. Sex: Female Male____

2. Height

3. Weight

4. Weight Changes in Last 3 Months Yes_ _ No___
If Yes, how many Kilograms increases or decreases

5. Previous Diseases and Surgery

Diseases, Surgery Age

6. Medical History

Regular Pill Taking? Name of the Medicine?

Vitamins and Microelement supplement? Name of it?

7. Cancer in the Family Members

Cancer Relative Age of Diagnosis, 50,60,70,80




B.

DIET

Everyday

3 X/week

1 X/week

1 X/month

Lipid from Animal Products.

Lipid from Plants Products

Majority for Meat Dishes

Sweat Foods

Red Meat

Fish

Eggs

Milk Products

Fermented Milk

10.

Cereal Product

11.

Heavy Spicy Food

12.

Salty Food

13.

Bread

14.

Vegetable

15.

Fruits

16.

Beer

17.

Red Wine

18.

White Wine

19.

Strong Alcohol
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C. FOOD PREPARATION

1. Fats, Backing, Roasting, and Fires

2. Steam, Stews, and Short Backing

3. Microwaves Foods

4. Re-Cook

5. Instant Foods

D. DRINKS

1. Amounts of Liquid per Day

2. Non-Gas Mineral Water

3. Instant Coffee

4. Coffee from Coffee Bean

5. Tea

6. Juice

7. Soft Drink (Coca Cola, Pepsi, Fanta)

E. SMOKING

If quit, when do you stop?

Yes

F.  PHYSICAL ACTIVITY

1. Type OfJobs (Sitting or Active)

YES NO
YES INo
YES INo
YES INo
YES INo
Yes INo
Yes INo
Yes INo
Yes INo
Yes INo
Yes INo

No
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»

Free Time Activity (Active or Passive)

Sports Training

Sleeping Hours( Average Hours/day)

BOWEL MOVEMENT

Regular Defecation 1 time/Day

Regular Defecation 2 times/Day

No Regular Defecation W/0 Medical Help (soft stool)

No Regular Defecation W/0 Medical Help (dry and hard
stool)

No Regular Defecation Medical Help is Needed

More than 1 time/ Day

Types of Stools
a. normal stool
b. soft stool
c. watery stool
d  small caliber in diameter
e. bloody stool
f.  mucus stool
g. undigestive food in stool
h. light color in stool

stone stool

hesitation defecation

Yes |No
Yes INo
Yes No
Yes No
Yes |No
Yes |No
Yes INo
Yes |No
Yes INo
Yes INo
Yes INo
Yes [No
Yes [No
Yes |No
Yes |No
Yes |No

100



8. Constant Stomach Aching with or without Defecation.

k.

1

pain in general

specific location? Left side or right side
pain after eating

pain during defecation

pain due to stress

Yes |No
Yes |No
Yes |No
Yes |No
Yes ‘No
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