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Background and Aims: Persistent infection with hepatitis C virus leads to liver cirrhosis and often to liver cancer.
Mannose binding lectin is a C-type serum lectin, which plays an important role in innate immunity by activating the
classical complement pathway. Variants of the mannose binding lectin have been shown to be associated with low
serum concentrations of the protein and to predispose the subjects to bacterial, fungal and viral infections. This study
was undertaken to investigate the association between hepatitis C virus infection and polymorphisms of mannose
binding lectin gene.

Methods: We assessed the single nucleotide polymorphism of mannose binding lectin in exon 1, at codon 52, codon 54
and codon 57 in 100 patients infected with hepatitis C virus and 100 controls in Iranian population. Mannose binding
lectin gene mutations were determined by means of polymerase chain reaction and restriction fragment length
polymorphism analyses.

Results: The occurrence of the codon 54 mutation was significantly higher in patients (OR 3.53, CI 95%: 1.94-6.44,
p<0.005). No significant difference in the frequency of codon 52 and 57 mutations was observed between patient and
control groups.

Conclusions: Mannose binding lectin may be one of the factors that influence the course of HCV infection. Our results
suggest that heterozygous carriage of the variant allele of codon 54 of mannose binding lectin is associated with
hepatitis C virus infection in our cases. This may not be true about codons 52 and 57 mutations.
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factors. Mannose binding lectin (MBL) is a calcium-
dependent C-type lectin which is secreted by the
liver as a part of acute phase response ) and plays
an important role in the first line host defense ).
MBL functions as an opsonin (19), and its biological
effect is mediated by direct killing via complement
(1) through the lytic membrane attack complex or
by promoting phagocytosis either by the MBL lectin
pathway of complement or by direct binding to one
or more cell surface receptors (12).

In human, one of the three structural mutations
found within exon 1 of the mbl2 gene on
chromosome 10, which encodes MBL, results in low
functional serum levels (13> 14),

These single nucleotide polymorphisms (SNPs) at
codons 52, 54, and 57 resulting in amino acid
replacement, are believed to interfere with the
stability of the protein (15 16),

Deficiency of human MBL caused by mutations
in the coding part of the mbl2 gene is associated
with increased risk and severity of infections and
autoimmunity in children and adults (17 18),

There are few published studies about MBL
mutations, risk of infection and course of the
hepatitis C. We studied MBL gene mutations in
Iranian patients with hepatitis C against healthy
controls and investigated the possible relation
between MBL structural mutations within exon 1
and susceptibility to be infected with hepatitis C
virus.

Materals and Methods

HCYV infected group and control population

Iranian hepatitis C infected cases were
continuously recruited from Hepatitis Clinic, Tabriz
University of Medical Sciences, which is the referral
clinic of East Azarbaijan province, northwestern
Iran. The mean age (+SD) of the patients (n= 100)
was 42.5 £ 11.1 years, 57 % were male and all had
Azeri ethnic background.

100 ethnically matched healthy individuals were
randomly selected from Tabriz Blood Transfusion
Center (mean age = 38.5 + 10.5 years, 80 % male).
The patients were informed about the purpose of
the study and were enrolled with their consent.

DNA extraction and Genotyping of mbl2

DNA was extracted from peripheral blood
mononuclear cells by the modified proteinase K,
sodium dodecyl sulfate (SDS) and N-cetyl-N,N,N-
trimethylammonium bromide (CTAB).

We analyzed SNPs in codons 52, 54 and 57 in the

exon one of the MBL gene using previously

described PCR-based methods (19, 20, 21). PCR
reactions were performed in a volume of 20 pl that
contained 500 ng of the genomic DNA , 0.5 pM of
each specific primer (described in tablel) in the
presence of 1.5 mM MgCI2 ,100 mM each
deoxynucleotide, 50 m M KCI, 20 m M Tris- HCI,
pH 8.4, and 2.5 U recombinant DNA polymerase
(Fermentas).

All PCR procedures were initiated by a 4-min
denaturizing step at 94°C and completed by a 7-min
extension step at 72°C .The temperature cycles for
different types of PCRs were as follows: 32 cycles of
40 s at 94°C; annealing temperatures are described
in table 1. In addition to SSP-PCR, B and C alleles
were detected by Banl and Mboll restriction
enzyme digestions of the 328-bp product amplified
by the allele P and Q primers , respectively (table 1),
followed by a 2.5% agarose gel electrophoresis. Banl
cleaves the A allele in to two fragments (245 and 83
bp) and Leaves the B allele undigested, while Mboll
specifically cleaves the C allele into two fragments

(266 and 62 bp)( figure 1).

Figure 1. RFLP analysis of mbl2 in Iranian patients
infected with HCV and healthy donors.

(a): Allele A undigested by Mbo II, (b) Allele C
cleaved into two fragments, (c) Allele A cleaved by
Banl into two fragments, (d) B allele; undigested.
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Statistical analysis

Statistical analysis was performed using SPSS
software, version 13.5. MBL genotype frequencies
were compared by contingency table analysis by the
2 test. When significant a difference was obtained,
logistic regression was used to calculate odds ratio
(OR) with 95% confidence intervals (95%CI). A P

value of 0.05 was considered to be significant.

Results

Genotype A/A was more frequent among healthy
donors while genotype A/O and O/O were
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Table 1. Oligonucleotides used in human MBL genotyping.

Primer name

Sequences ( 5'+ 3')

Annealing

temperature °C

Forward GAG GCT TAG ACC TAT GGG GCT AG

Codon 57 (wild type) 60
Reverse TAC CTG GTT CCC CCTTTT CTC
Forward GAG GCT TAG ACC TAT GGG GCT AG
Codon 57 (mutant) 63
Reverse TAC CTG GTT CCC CCTTTT CTT
Forward GAG GCT TAG ACC TAT GGG GCT AG
Codon 54 (wild type) 63
Reverse CCC CTT TTC TCC CTT GGT GC
Forward GAG GCT TAG ACC TAT GGG GCT AG
Codon 54 (mutant) 62
Reverse CCC CTT TTC TCC CTT GGT GT
Forward CTT CCC AGG CAA AGA TGG GC
Codon52 (wild type) 66
Reverse CAG GCA GTT TCC TCT GGA AGG
Forward CTT CCC AGG CAA AGA TGG GT
Codon52 (mutant) 63
Reverse CAG GCA GTT TCC TCT GGA AGG
Forward GTA GGA CAG AGG GCATGCTT
Allele Q 67
Reverse CAG GCA GTT TCC TCT GGA AGG
Forward GTAGGA CAG AGG GCATGC TC
Allele P 64

Reverse CAG GCA GTT TCC TCT GGA AGG

significantly more frequent among patients with
hepatitis C (P <0.005).The genotype distribution of
mbl2 polymorphisms at codons 54 (variant B), 57
(variant C) and 52 (variant D) were compared
between the patients and controls (table 3). The
occurrence of the codon 54 mutation was

significantly higher in patients (OR 3.53, CI 95%:

Table 2. mbl2 genotype in Iranian HCV infected
patients and controls.
Coting emopeIrent e

A/A 29 61
A/B 45 23
A/IC 5 3
A/D 11 9
Total A/O 61 35
B/B 6 2
B/C 1 1
B/D 2 1
C/C 1 0
Total O/O 10 4

Total with coding

mutations(A/O or O/O) 71 39

1.94-6.44, P <0.005).

No significant difference in the frequency of
codon 52 and 57 mutation was observed between
patient and control groups. Homozygosis mutation
of the so-called codons was infrequent and did not
influence the results.

Table 3. Iranian patients with hepatitis C and control
divided by genotypes.

Genotype frequency %

mbl2
genotype

HCYV infected OR  95% CI

. Donors
patients

A/A 29 60 0.26 0.48-0.14 <0.005

A/O 61 35 286 1.65.0 <0.005

0/0 10 4 - i NS
Discussion

In this study we found that the occurrence of the
codon 54 mutation of mbl2 may be a risk factor for
infection with HCV in Iranian population. Because
MBL is a well-characterized part of the immune
defense system, identifying the mutations can help
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to define susceptible individuals to infection,
especially in high risk groups. Mbl2 variant alleles,
which are known to decrease the serum MBL levels,
are associated with increased risk and severity of viral
hepatitis. These genotypes have been shown to be
associated with viral persistence in HBV infection
(22), In another study, the frequency of mbl2
polymorphism and serum MBL levels didn't differ
significantly in spontaneously recovered individuals
from hepatitis B, nonprogressed carriers and
controls whereas low MBL level was associated with
occurrence of cirrhosis and hepatocellular carcinoma
in progressed carriers (23).

A few other published studies (all from Asia)
indexed on Pub Med, have examined mbl2 with
respect to the course of HCV infection. In a study
on fifty two patients, no significant relationship was
observed between MBL polymorphisms and levels
of HCV RNA @4 In another study difference in the
mutation rate and MBL levels between chronic
hepatitis C patients and controls did not reach the
significance level, but MBL levels in asymptomatic
HCV carriers were significantly lower than those of
the control population without codon 54 mutation
25, In the present study we found that allele B
carriers are more prone to HCV infection. Mbl2
polymorphism is frequent among general
population, but differences have been observed in
different ethnic backgrounds (26.27.28), To the best of
our knowledge, this is the first study from Middle
East evaluating the mutations on mlb2, so we used
a randomly selected group of blood donors from this
region to perform a control group. This study gives
an estimate of mbl2 polymorphism among people
from East Azarbaijan. It is recommended to perform
further studies with more samples from across the
country.

Because MBL polymorphisms may play an
important role in the further behavior of the disease
as well as in susceptibility to the infection with
HCV, studies have investigated the different
characteristics of this system. One possible
mechanism is through regulation of inflammatory
cytokines by MBL. High MBL levels are believed to
decrease the production of inflammatory cytokines,
such as IL-6, IL-1B and TNF-o in response to
meningococci by monocytes, while low MBL
concentrations can enhance the production of IL-6
and IL-1B @ and may promote chronic
inflammation and oxidative stress. This can
contribute to fibrogenesis and increase proliferation
of hepatocytes (30- 31,

The major limitation of this study is the
characteristics of the control group. Further studies

comparing the mbl2 polymorphism between HCV

infected patients and healthy subjects at a known
risk for infection (e.g. undergoing hemodialysis or
an immunosuppressive therapy) can be valuable
especially in concordance of measuring functional
MBL serum levels. Such studies can be improved by
quantifying the viral load, as well.

In conclusion, occurrence of the codon 54
mutation of mbl2 is associated with the occurrence
of hepatitis C in this selected Iranian population. It
is worth assessing promoter SNPs in further studies
because of multifaceted regulatory structure of MBL
production.

References

1. Wasley A, Alter MJ. Epidemiology of hepatitis C
geographic differences and temporary trends. Semin Liver
Dis. 2000; 20: 1-16.

2. Ghavanini AA, Sabri MR. Hepatitis B surface antigen and
anti-hepatitis C antibodies among blood donors in the
Islamic Republic of Iran. East Mediterr Health J. 2000; 6:
1114-6.

3. Alavian SM, Gholami B, Masarrat S. Hepatitis C risk
factors in Iranian volunteer blood donors: A case- control
study.  Gastroenterol Hepatol 2002; 17: 1092-97

4. Alavian SM, Adibi P, Zali MR. Hepatitis C virus in Iran:
epidemiology of an emerging infection. Arch Iranian Med
2005; 8: 84-90.

5. Organ Procurement and Transplantation Network (OPTN)
database. Available at: http://www.optn.org. Last accessed:
September 14, 2005.

6. Ray Kim W, Therneau TM, Benson JT, Kremers WK,
Rosen C B, Gores G J, Dickson ER. Deaths on the liver
transplant waiting list: An analysis of competing risks.
Hepatology 2006; 43: 345-351.

7. Wright TL, Donegan E, Hsu HH, Farrell L, Lake JR, Kim
M, et al. Recurrent and acquired hepatitis C viral infection
in liver transplant recipients. Gastroenterology 1992; 103:
317-322.

8. Ohlenschlaeger T, Garred P, Madsen H O, Jacobsen S.
Mannose-binding lectin variant alleles and the risk of
arterial thrombosis in systemic lupus erythematosus. New
Eng J Med 2004. 351: 260-267.

9. Ezekowitz RA. Role of Mannose binding lectin in innate
immunity. o/ Infect Dis 2003; 187: S335-S339.

10. Kuhlman M, Joiner K, Ezekowitz R A. The human
mannose-binding protein functions as an opsonin J. Exp.
Med 1989; 169: 1733-1745.

11. Lu JH, Thiel S, Wiedemann H, Timpl R, Reid K B. Binding
of the pentamer/hexamer forms of mannan-binding protein
to zymosan activates the proenzyme C1r2C1s2 complex, of
the classical pathway of complement, without involvement
of Clq. J Immunol 1990; 144: 2287-2294.

12. Tenner AdJ, Robinson S L, Ezekowitz RA. Mannose binding
protein (MBP) enhances mononuclear phagocyte function
via a receptor that contains the 126,000 M(r) component of
the Clq receptor. Immunity 1995; 3: 485-493.

13. Lipscombe RJ, Sumiya M, Hill AV, Lau YL, Levinsky Rd,
Summerfield JA, et al. High frequencies in African and
non-African populations of independent mutations in the
mannose binding protein gene. Hum Mol Genet 1992; 1:
709-715.



14.

15.

16.

17.

18.

19.

20.

21.

22.

Madsen HO, Garred P, Kurtzhals JA, Lamm LU, Ryder
LP, Thiel S, et al . A new frequent allele is the missing link
in the structural polymorphism of the human mannan-
binding protein. Immunogenetics 1994; 40: 37-44.

Sumiya M, Super M, Tabona P, Levinsky RJ, Arai T,
Turner MW, et al. Molecular basis of opsonic defect in
immunodeficient children. Lancet 1991; 337: 1569-1570.
Lipscombe RJ, Sumiya M, Hill AV, Lau YL, Levinsky RJ,
Summerfield JA, et al. High frequencies in African and
non-African populations of independent mutations in the
mannose binding protein gene. Hum Mol Genet. 1992; 1:
709-715.

Summerfield JA, Ryder S, Sumiya M, Thursz M, Gorchein
A, Monteil MA et al. Mannose binding protein gene
mutations associated with unusual and severe infections in
adults. Lancet 1995; 345: 886-889.

Sumiya M, Super M, Tabona P, Levinsky RJ, Arai T,
Turner MW, et al. Molecular basis of opsonic defect in
immunodeficient children. Lancet 1991; 337: 1569-1570.
Madsen HO, Garred P, Thiel S, Kurtzhals JAL, Lamm LU,
Ryder LP, et al. Inter play between promoter and
structural gere variants control basal serum level of
mannan-binding protein. J Immunol. 1995; 155: 3013-
3020.

Crosdale DdJ, Ollier WE, Thomson W, Dyer PA, Jensenious
J, Johnson RW, et al. Mannose binding lectin (MBL)
genotype distributions with relation to serum levels in UK
Caucasoids. Eur J Immunogenet. 2000; 27: 111-17.

Sullivan KE, Wooten C, Gddman D, Petri M. Mannose
binding protein genetic polymorphisms in black patients
with systemic lupus erythematosus. Arthritis Rheumatism.
1996, 39: 2046-2051.

Thio CL, Mosbruger T, Astemborski J, Greer S, Kirk GD,
O'Brien SJ, Thomas DL. Mannose binding lectin genotypes
influence recovery from hepatitis B virus infection. J Virol.
2005; 79: 9192-6.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Mohammad H Somi et al. I 57

Chong WP, To YF, Ip WK, Yuen MF, Poon TP, Wong WHS,
et al. Mannose binding lectin in chronic hepatitis B virus
infection. Hepatology 2005; 42: 1037-1046.

Sasaki K, Tsutsumi A, Wakamiya N, Ohtani K, Suzuki Y,
Watanabe Y, et al. Mannose-binding lectin polymorphisms
in patients with hepatitis C virus infection. Scand <J
Gastroenterol. 2000; 35: 960-5.

Yuen MF, Lau CS, Lau YL, Wong WM, Cheng CC, Lai CL.
Mannose binding lectin gene mutations are associated with
progression of liver disease in chronic hepatitis B infection.
Hepatology 1999; 29: 1248-1251.

Minchinton RM, Dean MM, Clark TR, Heatley S,
Mullighan CG. Analysis of the Relationship between
Mannose-Binding Lectin (MBL) Genotype, MBL Levels
and Function in an Australian Blood Donor Population
Scand J Immunol 2002; 56: 630-641.

Ip WK, To YF, Cheng SK, Lau YL. Serum Mannose-
Binding Lectin Levels and mbl2 Gene Polymorphisms in
Different Age and Gender Groups of Southern Chinese
Adults. Scandinavian Journal of Immunology 2004; 59: 3
310.

Crosdale DdJ, Ollier WE, Thomson W, Dyer PA, Jensenious
J, Johnson RW, et al. Mannose binding lectin (MBL)
genotype distributions with relation to serum levels in UK
Caucasoids. Eur J Immunogenet. 2000; 27: 111-7

Jack DL, Read RC, Tenner AdJ, Frosch M, Turner MW,
Klein NJ. Mannose binding lectin regulates the
inflammatory response of human professional phagocytes
to Neisseria Meningitides serogroups B. f Infect Dis 2001;
184: 1152-1162.

Block TM, Mehta AS, Fimmel CdJ, Jordan. Molecular viral
oncology of Hepatocellular carcinoma. Oncogne 2003; 22:
5093-5107.

Stalnikoitz DK, Weissbrod AB. Liver fibrosis and
inflammation: a review. Ann Hepatol 2003; 2: 159-163.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d530a930f330c8306e57cb30818fbc307f3092884c308f305a3001753b50cf89e350cf5ea6308267004f4e9650306b62913048305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [297.638 419.528]
>> setpagedevice


