
Abstract. Background: Some single-nucleotide polymorphisms
are associated with higher risk of colorectal cancer
development and are suggested to explain part of the genetic
contribution to Lynch syndrome. Aim: To evaluate the mutL
homolog 1 (MLH1) I219V polymorphism in 124 unrelated
South American individuals suspected of having Lynch
syndrome, based on frequency, association with pathogenic
MLH1 and mutS homolog 2 (MSH2) mutation and clinical
features. Materials and Methods: DNA was obtained from
peripheral blood and polymerase chain reaction (PCR) was
performed, followed by direct sequencing. Results: The Val
allelic of the I219V polymorphism was found in 51.61%
(64/124) of the individuals, with an allelic frequency of 0.3.
MLH1 or MHS2 pathogenic mutations were found in
32.81% (21/64) and in 23.33% (14/60) of Val-carriers and
non-carriers, respectively. Conclusion: The Val-carrying
genotype was frequent in the studied population; however,

it does not appear to exert any modifier effect on MLH1 or
MSH2 pathogenic mutations and the development of
colorectal cancer.

Lynch syndrome (LS) is the most common form of familial
colorectal cancer (CRC) and is associated with germline
mutations in the DNA mismatch repair (MMR) genes, i.e.
mutL homolog 1 (MLH1) on 3p21.3, mutS homolog 2
(MSH2) on 2p22-p21, mutS homolog 6 (MSH6) on 2p16.3
and post-meiotic segregation increased 2 (PMS2) on 7p22.2.
Mutations in the above mentioned genes have been reported
to account for more than 85% of LS kindreds fulfilling the
Amsterdam criteria and exhibiting microsatellite instability
(MSI) (1). Recently, the term LS has been restricted to those
families with germline mutations in one of the MMR genes.
Familial aggregation of CRC with no evidence of MMR
deficiency was shown to be clinically and molecularly
distinct from classical LS tumors and, therefore, is
designated as familial colorectal cancer type X (FCCTX).
Given the above distinction, the term hereditary non-
polyposis colorectal cancer (HNPCC), which was formerly
used to refer to families clinically diagnosed with colorectal
cancer that might or might not have mismatch repair
deficiency, is replaced by one of the more informative
names: LS and FCCTX (2).
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To date, over 513 different DNA alterations have been
reported in HNPCC, in which the majority are represented
by single-nucleotide substitutions, deletions or insertions (3).
In total, 308 different pathogenic mutations have been
identified in MLH1, along with 45 polymorphisms (3-5). The
characterization of the functional effects of MMR mutations
is essential, not only for effective diagnosis of cancer
predisposition, but also for selecting the appropriate
screening and treatment (6).

The common definition of single-nucleotide
polymorphisms (SNPs) requires that the relative frequency
of the least frequent allele is greater than 0.01, except for
two polymorphisms in MLH1: a TTC deletion in the
3’untranslated region and a CA repeat polymorphism
assigned to locus D3S1611, whose allelic frequencies range
from 0.4% to 50% (7).

One of the most common polymorphisms related to LS is
I219V located on the MLH1 gene. The I219V polymorphism
lies in exon 8 and is conserved throughout evolution, which
can be seen as a sign of its importance for the good
functioning of the protein. HNPCC databases, in silico
programs and various functional studies described it as a
benign polymorphism. Recently, a functional study based on
a transient transfection of hMLH1 complementary DNA
carrying the variant into a human embryonic kidney
fibroblast cell line lacking hMLH1 expression, demonstrated
in vivo that the I219V SNP does not affect the MMR
capacity (8).

Several studies have shown a high frequency of the I1219
polymorphic variant in patients with LS, however, none have
tested whether this variant exerts a modifier effect on
pathogenic mutations. Therefore, the aim of our study was
to evaluate the frequency of I219V polymorphism in 124
individuals and its association with MLH1/MSH2 pathogenic
mutations and clinical characteristics, as part of a larger
South American Collaborative Study evaluating MMR gene
mutations in unrelated individuals with suspected LS (9).

Materials and Methods
Participating centers. One hundred and twenty-four unrelated
individuals enrolled in this study were referred from the following
South American hospitals and medical centers: 105 from the
Department of Pelvic Surgery, A.C. Camargo Hospital, Sao Paulo,
Brazil; 6 from the Colorectal Surgery Service, Uruguayan
Collaborative Group, Montevideo, Uruguay; and 13 from the
Department of Colorectal Surgery, Italian Hospital, Buenos Aires,
Argentina. As part of a South American Collaborative Study, all
cases were studied after signed informed consent was obtained.

Samples and DNA extraction. Genomic DNA from 124 patients
fulfilling the Amsterdam I, II or Bethesda guidelines (10-13) was
directly extracted from 3 ml of whole-blood using the Puregene
Genomic DNA Isolation Kit (Gentra Systems, Minneapolis, MN,
USA), according to the manufacturer’s instructions.

PCR conditions. The MLH1 [GenBank: NM.000249] and MSH2
[GenBank: NM.000251.1] genes were divided into 20 fragments
covering all 19 and 16 exons, respectively, and substantial parts of
intronic regions. The PCR reactions contained 0.2 μM of each
primer, 1.25 U AmpliTaq Gold (Applied Biosystems, SP, Brazil), 10
μM of each dNTP, 3 mM MgCl2 and 25 ng DNA in a final reaction
volume of 25 μl. The following cycling conditions were used: initial
denaturation at 95˚C for 9 min, followed by 35 cycles of
denaturation at 95˚C for 45 s, annealing steps at 56-60˚C for 45 s
and extension at 72˚C for 1 min, followed by 72˚C for 7 min.

DNA sequencing and analysis. PCR products were purified with
exonuclease I and alkaline phosphatase (EXO-SAP IT-USB/GE, SP,
Brazil) and sequenced in both directions. Sequencing reactions were
separated on an ABI Prism 3130 instrument (Applied Biosystems,
SP, Brazil). All sequences were analyzed by the CLC software
(CLCbio, Aarhus, Denmark).

Mutation nomenclature. Mutation nomenclature followed the
Human Genome Variation Society (HGVS) guidelines
(www.hgvs.org/ mutnomen/). All identified mutations were
compared with those previously reported in databases for MLH1 and
MSH2 genes, maintained by the MMR Gene Unclassified Variants
Database (www.mmruv.info), the Mismatch Repair Genes Variant
Database (http://www.med.mun.ca/mmrvariants/) and the
International Society for Gastrointestinal Hereditary Tumors
(http://www.insight-group.org).

Statistical analysis. Statistical analyses were carried out to evaluate
if the mutL homolog 1 (MLH1) I219V polymorphism has
implications on age of tumor onset in patients harboring or not
pathogenic mutations in MLH1/MSH2 genes. The comparison was
performed by Wilcoxon and Kruskal-Wallis tests (with significance
set at p<0.05), using the statistical software package IBM SPSS
Statistics 20 (SPSS, Chicago, IL, USA).

Results

Genetic analyses of I219V polymorphism in individuals
with suspected LS. The MLH1 I219V polymorphism
frequencies are shown in Table I. Val-carriers were found
in 64 (51.6%) out of 124 unrelated individuals with
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Table I. Allelic and genotypic frequency of the mutL homolog 1 (MLH1)
I219V polymorphism in South American individuals suspected of having
Lynch Syndrome.

Polymorphism Genotype N+/N total Genotypic Allelic
frequency frequency

I219V Ile/Ile 60/124 0.48 0.7
c.655A->G Ile/Val 54/124 0.44

Val/Val 10/124 0.08 0.3

Ile/Il, homozygosis for wild allele; Ile/Val, heterozygosis; Va/Va,
homozygosis for polymorphic allele; N+, positive cases for each
genotype; N total, total number of individuals evaluated.



suspected LS, of whom 49 were from Brazil, two from
Uruguay and 13 from Argentina. Of them, 54 (44%) and 10
(8%) were Ile/Val heterozygotes and Val/Val homozygotes,
respectively. The allelic frequency of Ile and Val was 0.7
and 0.3, respectively.

Correlation of I219V polymorphism with MLH1 and/or
MSH2 pathogenic mutations. The characterization of
germline mutations of MLH1 and MSH2 in unrelated South
American individuals with suspected LS were provided by
the South American Collaborative Study (9). Twenty-one out
of 64 (32.81%) of Val-carriers harbored pathogenic
mutations in MLH1 and/or MHS2, and one case presented
pathogenic mutations in both genes. In non-carriers (60/124),
MLH1 and/or MHS2 pathogenic mutations were found in
23.33% (14/60) (Table II).

Clinical characteristics of I219V carriers associated with
the presence of MLH1 and/or MSH2 pathogenic mutations.
The Val polymorphism was found in 51.61% (64/124) of
cases, out of which 51.5% (33/64) fulfilled the Bethesda
guideline and 48.5% (31/64) the Amsterdam I or II criteria.
The median age of diagnosis was 28-62 and 29-71 years in
Val-carriers with and without MLH1/MSH2 pathogenic
mutation (Table 3), respectively (Table III). Clinical
criteria, type and number of tumors in these cases are
presented in Table III.

In order to evaluate if this polymorphism exerts any
influence on the age of tumor onset, we analyzed the mean
age of carriers and non-carriers of the I219V polymorphism
according to their mutation status (MLH1 and/or MSH2
mutation). However, no statistically significant association
was found between these groups (Table IV).

Discussion

SNPs may play a small role in CRC risk. It is also possible
that a combination of several variants in different genes
might work synergistically to increase the risk of CRC (8). In
this series, we investigated the I219V polymorphism in order
to analyze its frequency, its correlation with MLH1/MSH2
pathogenic mutations and its influence in hereditary CRC
risk (based on clinical characteristics).

Trojan et al. (14) postulated that the majority of MLH1
missense variants associated with LS, lead to structural
changes within the amino- or carboxy-terminal regions
containing the ATPase site and the domain of PMS2
interaction, respectively. However, according to Hudler et
al. (15), the missense polymorphism located in the exon 8
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Table II. MutL homolog 1 (MLH1) I219V polymorphism and MLH1 or mutS homolog 2 (MSH2) pathogenic mutations in South American individuals
suspected of having Lynch Syndrome.

I219V plymorphism Total MLH and/or MSH2 pathogenic mutation MLH1 mutation MSH2 mutation

Yes 64/124 (51.61%) 21/64 (32.81%) 12/21 (57.1%)* 9/21 (42.9%)*
No 60/124 (48.39%) 14/60 (23.33%) 6/14 (42.9%) 8/14 (57.1%)

*One individual harbored pathogenic mutations in both genes.

Table III. Clinical features of 64 suspected of Lynch syndrome, carriers
of MutL homolog 1 (MLH1) I219V polymorphism, according the status
of MLH1/MSH2 pathogenic mutations.

Clinical characteristics of I219V cases

Characteristics Carriers of Non-carriers 
pathogenic of pathogenic 
mutations mutations

Age, years 28-62 29-71
Clinical criteria 

Amsterdam 15 (71.43%) 16 (37.21%)
Bethesda 6 (28.57%) 27 (62.79%) 

Type of cancer
Colonic 12 18
Adenoma 1 4
Rectal 0 9
Stomach 1 0
Endometrial 1 1

Two or more tumors 
in the same patient

Colon/stomach 1 0
Colon/adenoma 1 0
Colon/hepatobiliary system 1 0
Colon/endometrial 1 0
Colon/sebaceous glands 1 1
Colon/breast 0 1
Colon/ small bowel 0 2

Table IV. Mean age (years) at diagnosis of carriers of MLH1/MSH2
pathogenic mutations and mutL homolog 1 (MLH1) I219V genotype.

I219V Non I219V

MLH1 mutation carriers 40.2 (n=13) 41.8 (n=7)
MSH2 mutation carriers 44 (n=7) 40.1 (n=8)
Non-carriers 44.9 (n=44) 41.7 (n=45)



leads to a substitution of conservative hydrophobic amino
acid, namely isoleucine, by valine, which could affect the
speed and fidelity of protein synthesis, due to the lower
abundance of the tRNA or due to changes in the secondary
structure of mRNA.

First studies regarding the I219V polymorphism
reported an incidence of 31-80% in different populations
(16-18). The allelic frequencies found in this series for Ile
and Val were 0.7 and 0.3, respectively. Similar results were
reported for German LS probands (0.69 and 0.31),
Swedish families with LS (0.64 and 0.34) and Italian
families with suspected LS (0.33 for Val) (16-19). This
similarity might be explained by the African influence
exerted through the slave population for three centuries, as
well as the Native Indian and colonizing European
populations in Brazil (20-22). It is known that ethnicity
can impact molecular pathways of various types of human
cancer and as a result, different clinical and pathological
features can be found (23).

Regarding the association of the I219V polymorphism and
MLH1/MSH2 pathogenic mutations, the results of this series
showed no significant differences between Val-carriers with
MLH1 and/or MSH2 pathogenic mutation (32.81%) and non-
carriers with MLH1 and/or MSH2 pathogenic mutations
(23.33%). We can deduce that the presence of I219V
polymorphism is not linked to pathogenic mutation in MLH1
or MSH2 genes in LS.

Regarding clinical characteristics, 51.5% (33/64) of Val-
carriers fulfilled the Bethesda criteria, whereas the
MLH1/MSH2 pathogenic mutation was observed in 48.4%
(15/31) of those fulfilling the Amsterdam criteria, confirming
that the strict Amsterdam criteria are much better for
selecting individuals suspected of having LS (9). However,
no statistical difference was observed related to clinical
criteria and tumor onset in carriers and non-carriers of Val in
the I219V polymorphism.

Conclusion

To our knowledge, this is the first study regarding the
evaluation of I219V according to MLH1 and/or MSH2
pathogenic mutations and clinical characteristics in unrelated
South American LS individuals suspected of having LS. The
Val-carrying variant was very frequent in this series and
showed no association with MLH1/MSH2 pathogenic
mutations, clinical criteria (Amsterdam or Bethesda), or age
of tumor onset. According to the computational prediction
methods, it is suggested that this polymorphism does not
have a pathogenic consequence. 
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Amparo à Pesquisa do Estado de Sao Paulo - FAPESP 05/05155-6
and 2008/57887-9) and CAPES.

References

1 Yap HL, Chieng WS, Lim JR, Lim RS, Soo R, Guo J and Lee
SC: Recurring MLH1 deleterious mutations in unrelated Chinese
Lynch syndrome families in Singapore. Fam Cancer 8: 85-94,
2009.

2 Abdel-Rahman WM and Peltomäki P: Lynch syndrome and related
familial colorectal cancers. Crit Rev Oncog 14: 1-22, 2008.

3 Baudi F, Fersini G, Lavecchia A, Terracciano R, Leone F,
Quaresima B, Faniello MC, De Paola L, Doldo P, Cuda G,
Costanzo F and Venuta S: A novel missense germline mutation
in exon 2 of the hMSH2 gene in a HNPCC family from Southern
Italy. Cancer Lett 223: 285-91, 2005.

4 Dominguez MV, Bastos EP, Santos EM, Oliveira LP, Ferreira
FO, Carraro DM and Rossi BM: Two new MLH1 germline
mutations in Brazilian Lynch syndrome families. Int J Colorectal
Dis 23: 1263-1264, 2008.

5 Ou J, Niessen RC, Vonk J, Westers H, Hofstra RM and Sijmons
RH: A Database to support the interpretation of human mismatch
repair gene variants. Hum Mutat 29: 1337-1341, 2008.

6 Vogelsang M, Comino A, Zupanec N, Hudler P and Komel R:
Assessing pathogenicity of MLH1 variants by co-expression of
human MLH1 and PMS2 genes in yeast. BMC Cancer 9: 382, 2009.

7 Peltomäki P and Vasen HF: Mutations predisposing to hereditary
nonpolyposis colorectal cancer: database and results of a
collaborative study. The International Collaborative Group on
Hereditary Nonpolyposis Colorectal Cancer Gastroenterol 113:
1146-1158, 1997.

8 Picelli S, Zajac P, Zhou XL, Edler D, Lenander C, Dalén J, Hjern
F, Lundqvist N, Lindforss U, Påhlman L, Smedh K, Törnqvist A,
Holm J, Janson M, Andersson M, Ekelund S, Olsson L,
Lundeberg J and Lindblom A: Common variants in human CRC
genes as low-risk alleles. Eur J Cancer 46: 1041-1048, 2010.

9 Valentin MD, da Silva FC, dos Santos EM, Lisboa BG, de
Oliveira LP, Ferreira Fde O, Gomy I, Nakagawa WT, Aguiar
Junior S, Redal M, Vaccaro C, Valle AD, Sarroca C, Carraro DM
and Rossi BM: Characterization of germline mutations of MLH1
and MSH2 in unrelated south American suspected Lynch
syndrome individuals. Fam Cancer 10: 641-647, 2010.

10 Vasen HF, Mecklin JP, Khan PM and Lynch HT: The international
collaborative group on hereditary non-polyposis colorectal cancer
(ICG-HNPCC). Dis Colon Rectum 34: 424-425, 1991.

11 Vasen HF, Watson P, Mecklin JP and Lynch HT: New clinical
criteria for hereditary nonpolyposis colorectal cancer (HNPCC,
Lynch syndrome) proposed by the International Collaborative
group on HNPCC. Gastroenterology 116: 1453-1456, 1999.

12 Rodriguez-Bigas MA, Boland CR, Hamilton SR, Henson DE,
Jass JR, Khan PM, Lynch H, Perucho M, Smyrk T, Sobin L
and Srivastava S: A national cancer institute workshop on
hereditary nonpolyposis colorectal cancer syndrome: meeting
highlights and Bethesda guidelines. J Natl Cancer Inst 89:
1758-1762, 1997.

ANTICANCER RESEARCH 32: 4347-4352 (2012)

4350



13 Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A,
Rüschoff J, Fishel R, Lindor NM, Burgart LJ, Hamelin R,
Hamilton SR, Hiatt RA, Jass J, Lindblom A, Lynch HT,
Peltomaki P, Ramsey SD, Rodriguez-Bigas MA, Vasen HF,
Hawk ET, Barrett JC, Freedman AN and Srivastava S: Revised
Bethesda guidelines for hereditary nonpolyposis colorectal
cancer (Lynch syndrome) and microsatellite instability. J Natl
Cancer Inst 96: 261-268, 2004.

14 Trojan J, Zeuzem S, Randolph A, Hemmerle C, Brieger A,
Raedle J, Plotz G, Jiricny J and Marra G: Functional analysis of
hMLH1 variants and HNPCC-related mutations using a human
expression system. Gastroenterology 122: 211-219, 2002.

15 Hudler P, Vouk K, Liovic M, Repse S, Juvan R and Komel R:
Mutation in the hMLH1 gene in Slovenian patients with gastric
carcinoma. Clin Genet 65: 405-411, 2004.

16 Moslein G, Tester DJ, Lindor NM, Honchel R, Cunningham JM,
French AJ, Halling KC, Schwab M, Goretzki P and Thibodeau
SN: Microsatellite instability and mutation analysis of hMSH2
and hMLH1 in patients with sporadic, familial and hereditary
colorectal cancer. Hum Mol Genet 5: 1245-1252, 1996.

17 Tannergård P, Lipford JR, Kolodner R, Frödin JE, Nordenskjöld
M and Lindblom A: Mutation screening in the hMLH1 gene in
Swedish hereditary nonpolyposis colon cancer families. Cancer
Res 55: 6092-6096, 1995.

18 Liu B, Nicolaides NC, Markowitz S, Willson JK, Parsons RE, Jen
J, Papadopolous N, Peltomäki P, de la Chapelle A and Hamilton
SR: Mismatch repair gene defects in sporadic colorectal cancers
with microsatellite instability. Nat Genet 9: 48-55, 1995.

19 Ou J, Niessen RC, Lützen A, Sijmons RH, Kleibeuker JH, de
Wind N, Rasmussen LJ and Hofstra RM: Functional analysis
helps to clarify the clinical importance of unclassified variants in
DNA mismatch repair genes. Hum Mutat 28: 1047-1054, 2007.

20 Aissi-Ben Moussa S, Moussa A, Lovecchio T, Kourda N, Najjar
T, Ben Jilani S, El Gaaied A, Porchet N, Manai M and Buisine
MP: Identification and characterization of a novel MLH1
genomic rearrangement as the cause of HNPCC in a Tunisian
family: Evidence for a homologous Alu-mediated recombination.
Fam Cancer 8: 119-126, 2009.

21 Rodrigues FC, Kawasaki-Oyama RS, Fo JF, Ukuyama EE,
Antonio JR, Bozola AR, Romeiro JG, Rahal P and Tajara EH:
Analysis of CDKN1A polymorphisms: Markers of cancer
susceptibility? Cancer Genet Cytogenet 142: 92-98, 2003.

22 Rossi BM, Lopes A, Oliveira Ferreira F, Nakagawa WT, Napoli
Ferreira CC, Casali Da Rocha JC, Simpson CC and Simpson AJ:
hMLH1 and hMSH2 gene mutation in Brazilian families with
suspected hereditary nonpolyposis colorectal cancer. Ann Surg
Oncol 9: 555-561, 2002.

23 Han W, Nicolau M, Noh DY and Jeffrey SS: Characterization of
molecular subtypes of Korean breast cancer: An ethnically and
clinically distinct population. Int J Oncol 37: 51-59, 2010.

Received June 26, 2012
Revised August 10, 2012

Accepted August 13, 2012

Dominguez Valentin et al: I219V Polymorphism in Lynch Syndrome

4351


