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The present study investigated the prevalence of mutations in the -550 (H/L) and -221 (X/Y) mannose-binding
lectin (MBL) gene promoter regions and their impact on infection by human immunodeficiency virus 1 (HIV-1) in a
population of 128 HIV-1 seropositive and 97 seronegative patients. The allele identification was performed through
the sequence-specific primer polymerase chain reaction method, using primer sequences specific to each polymor-
phism. The evolution of the infection was evaluated through CD4" T-lymphocyte counts and plasma viral load. The
allele and haplotype frequencies among HIV-1-infected patients and seronegative healthy control patients did not
show significant differences. CD4" T-lymphocyte counts showed lower levels among seropositive patients carrying
haplotypes LY, LX and HX, as compared to those carrying the HY haplotype. Mean plasma viral load was higher
among seropositive patients with haplotypes LY, LX and HX than among those carrying the HY haplotype. When
promoter and exon I mutations were matched, it was possible to identify a significantly higher viral load among
HIV-1 infected individuals carrying haplotypes correlated to low serum levels of MBL. The current study shows that
haplotypes related to medium and low MBL serum levels might directly influence the evolution of viral progression
in patients. Therefore, it is suggested that the identification of haplotypes within the promoter region of the MBL
gene among HIV-1 infected persons should be further evaluated as a prognostic tool for AIDS progression.
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Human immunodeficiency virus (HIV) 1 is one of
the most important emerging pathogens. Phylogenetic
analysis suggests that HIV-1 appeared between 1915-
1941 becoming a public threat 50 years later (Korber et
al. 2000). Furthermore, the pathogenesis of HIV-1 infec-
tion is complex and influenced by both viral and host
factors (Cohen et al. 1997).

Mannose-binding lectin (MBL) is a liver-derived,
pluripotent serum lectin that plays a role in the human
innate immune system, binding with high affinity to
mannose or other carbohydrate components present on
the surface of viruses, bacteria and yeasts (Kilpatrick
2002). The binding of carbohydrate structures on patho-
gens may mediate phagocytosis by macrophages, and
when this binding is associated with serine proteases it is
able to initiate the activation of the complement system
through the lectin pathway in an antibody-independent
mechanism (Wong et al. 1999, Kilpatrick 2002, Turner
2003). MBL function is directly associated with its se-
rum concentration, which is determined by an interplay
between mutations of the promoter and exon 1 (Madsen et
al. 1994, 1995). The occurrence of these variants has been
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associated with MBL serum deficiency and consequently
with susceptibility/resistance to infection by pathogens,
including HIV-1 (Kilpatrick 2002, Turner 2003).

The identification of a mutation in the promoter re-
gion showed that serum MBL concentration is also mod-
ulated by transcriptional levels (Madsen et al. 1995). Nu-
cleotide substitutions in positions -550 (G-C) and -221
(G-C) provide the variants H(G)/L(C) and Y(G)/X(C),
respectively. Several promoter variants that apparently
do not alter the levels of MBL were described, but the
HY, LY and LX haplotypes are currently associated with
high, medium and low levels of circulating MBL in the
plasma, respectively (Madsen et al. 1995, Steffensen et
al. 2000). Because of linkage disequilibrium among some
variants, only seven haplotypes of MBL (HYPA, LYQA,
LYPA, LXPA, LYPB, LYQC and HYPD) were identified
(Steffensen et al. 2000). The allele dimorphism in the
promoter region is known to influence MBL concentra-
tion, and the -221 promoter polymorphism is stronger
than the -550 one.

The present study investigated the relationship of
MBL gene polymorphisms in the human host and im-
munological and viral factors that are capable of influ-
encing the susceptibility to HIV-1 infection and pro-
gression to AIDS.

SUBJECTS, MATERIALS AND METHODS

Population groups examined - Two blood samples
were collected five months apart from 127 HIV-1-infect-
ed subjects residing in Belém, Pard, Brazil, attending the
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Reference Unit of Special Infectious and Parasitic Dis-
eases for the determination of CD4" T- lymphocytes and
plasma viral load. All patients were actively receiving
antiretroviral therapy (ARVT) at the moment of sample
collection, according to the Brazilian consensus of the
National Program of STD and AIDS of the Ministry of
Health (MS 2004). Ninety percent started therapy with-
in five years and 87% were in their first regimen. The
duration of ARVT ranged from 1-7 years. Half of them
were in ARVT for no more than five years, with mean
and median values of four years. All patients were se-
rum negative for hepatitis C virus (HCV), hepatitis B
virus (HBV) and human T-cell lymphotropic virus type
1 (HTLV) infections. Ninety-seven HIV-1 seronegative
subjects (screened for antibodies to HIV-1/2, HCV, HBV
and HTLV using an enzyme-linked immunosorbent as-
say) residing in Belém were investigated as controls. All
subjects signed a thoroughly-explained consent form
at the first visit and all the samples were collected in
vacuntainer tubes containing EDTA and directed to the
Virus Laboratory of the Universidade Federal do Para.

MBL genotyping - Genomic DNA was extracted
from peripheral blood mononuclear cells (PBMC) using
the purification kit from Puregene (Gentra Systems, Inc,
USA). A sequence-specific primer polymerase chain re-
action amplification was performed with a Mastercycle
Personal Thermocycler (Perkin-Elmer Cetus Corp.,
Norwalk CT, USA) to amplify three fragments from the
promoter region of the MBL gene [316 pb (H-550)/(L-
550), 440 pb (X-221) and 443 pb (Y-221)], following the
protocol established previously (Steffensen et al. 2000).

The reactions were performed in a final volume of
50 pL containing 500 ng genomic DNA, 225 uM dNTP, 5
pmol primers, 50 mM KCl, 2.5 mM MgCl,, 10 mM Tris-
HCI pH 8.3 and 0.5 U of Taq polymerase (Invitrogen,
USA). The following primer sequences were used for the
genotyping of the promoter region -550 (H/L): (H/L-as) 5’
-AACAAATGGGACCGTGCATTGC-3’, (H-s) 5° -GCT-
TACCCAGGAAGCCTGTG-3’ and (L-s) 5° -GCTTAC-
CCAGGAAGCCTGTC-3’. Reaction mixtures underwent
an initial denaturing step at 95°C for 5 min, followed by
30 cycles of 94°C for 30 s, 59°C for 30 s and 72°C for
45 s, and a final extension period for 5 min.

The amplification of the promoter region -221 (X/Y)
was performed in a final volume of 50 pL containing
100 ng genomic DNA, 225 pM dNTP, 20 pmol primers,
50 mM KCl, 2.5 mM MgCl,, 10 mM Tris-HCI pH 8.3

and 0.5 U of Taq polymerase (Invitrogen, USA). Primer
sequences were: (Seq-s) 5 -CCTGCCAGAAAGTA-
GAGAGG-3’, (Y-as) 5° -CTGGAAGACTATAAACAT-
GCTTTCC-3’ and (X-as) 5> -GGAAGACTATAAACAT-
GTTTCG-3’. Reaction mixtures underwent an initial
denaturing step at 95°C for 5 min, followed by 35 cycles
of 95°C for 30 s, 59°C for 45 s and 72°C for 45 s, and a
final extension period for 5 min.

The alleles H, L, Y and X were additionally am-
plified with primers Y-as (-221) and L-s (-550) or Y-as
(-221) and H-s (-550) to determine the cis/trans structural
configuration of the haplotype, as previously described
(Steffensen et al. 2000).

Quantification of plasma viral load and determina-
tion of CD4* T-lymphocytes - The plasma viral load was
determined via the Nasba method using the NucliSens
Reader equipment and the NucliSens™ kit and followed
the directions of the manufacturer (Nasba Diagnostics,
Organon Teknika, Boxtel, Netherlands).

Whole blood samples were processed within 4 h of
collection for the determination of the T-lymphocytes
subset counts by flow cytometry (FacsCount, Becton &
Dickinson, USA) using the FacsCount™ Reagents im-
munomonitoring kit and following the protocol recom-
mended by the manufacturer (Becton Dickinson, USA).

Statistical analysis - The allelic, haplotype and geno-
type frequencies in both patient and control groups were
estimated by directed counting. The comparison of all-
elic, haplotype and genotype frequencies between the pa-
tient and control groups was performed using the y? test
by the Tool for Population Genetic Analyses software
1.3v (Miller 1999). The association analysis between the
genetic polymorphism of the promoter region of MBL
gene, plasma viral load and CD4* T-cell count were per-
formed using the Student’s #-test and ANOVA using the
BioEstat software, version 4.0 (Ayres et al. 2005).

RESULTS

The allele L (-550 MBL gene region) was detected
with a high prevalence in both seronegative and HI'V-1-
infected subjects [0.615 and 0.634, respectively (Table I)].
The allele Y (-221 MBL gene region) was the most fre-
quent in both groups (0.844 and 0.858, respectively). The
differences in allelic frequencies (L versus H and Y ver-
sus X) were not statistically significant (p = 0.268 and
p = 0.769, respectively).

TABLE I
Frequencies of mannose-binding lectin alleles in control and HIV-1-infected groups
Locus Alleles Control (n = 192) Frequency HIV-1-infected (n = 254) Frequencies 1 p
S R ; 0 e o
-221 X 30 0.156 36 0.142 0.183 0.769
Y 162 0.844 218 0.858

n: number of chromosomes investigated.
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TABLE 11

Frequencies of mannose-binding lectin haplotypes in control
and HIV-1-infected groups

Control HIV-1-infected
Haplotype n Frequency n Frequency
HY 69 0.360 83 0.327
LY 93 0.484 135 0.531
LX 25 0.130 26 0.102
HX 5 0.026 10 0.040
Total 192 1.000 254 1.000

n: number of chromosomes investigated; p: 0.5449; ¥ 2.135.

TABLE III

Frequency of mannose-binding lectin genotypes in control
and HIV-1-infected groups

Control HIV-1-infected
Genotypes n Frequency n Frequency
HYHY 13 0.136 20 0.157
HYLY 31 0.323 35 0.276
HYLX 11 0.115 4 0.031
HYHX 1 0.010 4 0.031
LYLY 25 0.260 39 0.307
LYLX 9 0.094 17 0.134
LYHX 3 0.031 5 0.040
LXLX 2 0.021 2 0.016
LXHX 1 0.010 1 0.008
Total 96 1.000 127 1.000

n: number of individuals investigated; p: 0.3703; % 8.676.

Table II describes the frequencies of MBL haplo-
types. The LY haplotypes was the most prevalent (0.484
and 0.531, respectively) and the HX haplotype was least
prevalent (0.026 and 0.040, respectively), but the differ-
ences among the frequencies between the HIV-1-infect-
ed and control groups were not statistically significant.

Nine genotypes were described and present in both
groups considered (Table IIT). Their frequencies ranged
from 0.010-0.323 in the control group and from 0.008-
0.307 in the HIV-1-infected patients. The differences in the
genotype frequencies were not statistically significant.

The mean values of both CD4" T lymphocyte counts
(collected 5 months apart) obtained from subjects carry-
ing the HY haplotype in homozygous or heterozygous
forms were significantly different compared to those
carrying the LY, LX and HX haplotypes. In addition,
HIV-1-infected subjects presented a significant increase
of CD4" T lymphocytes from the first to the second
quantification (Table 1V). The presence of either the
homo or heterozygous genotype HY (HY/HY or HY/*)
apparently conferred higher counts of CD4" T lympho-
cytes that were statistically significant when compared
to other genotypes (Table V).

Measurements of plasma viral load were distributed
according to subjects with HY haplotypes and compared
to subjects carrying LY, LX and HX haplotypes. HI'V-
1-infected patients who carried haplotype HY showed
a significant reduction (p = 0.0062) in the plasma viral
load, which was not observed among HIV-1-infected
patients carrying other haplotypes (Table VI). Addition-
ally, when promoter and exon 1 mutations were matched,
we observed that the 64 patients carrying the halotypes

TABLE IV
Comparison of CD4" T lymphocytes among HIV-1-infected subjects according to the presence of HY haplotype
ANOVA
Haplotype n Ist count S 2nd count S Frequency p
HY 36 405.0 +218.53 449.9 +254.01 4.8556 0.0001
LY,LX and HX 30 300.8 + 175.66 316.9 + 186.14 0.2420 0.9997

n: number of analyzed individuals; LT CD4" values in arithmetic mean.

TABLE V

Comparison of CD4" T lymphocyte counts among HIV-1-infected subjects according to the presence of HY haplotype
(in homozygosis or heterozygosis) and other haplotype

ANOVA

Evaluation HY/HY S HY/* s *[* s Frequency P

Ist count 4140 (n=14) +£2150 3922 (Mm=30) =+231.5 2891 (n=43) =1756 3.255 0.042
HY/HY vs HY/* - - - > 0.05
HY/HY vs */* - - - <0.05
HY/* vs */* - - - <0.05

2nd count 566.6(m=9) +£307.5 4049 (n=28) +£226.7 3254(m=31) =+186.1 4249 0.018
HY/HY vs HY/* - - - <0.05
HY/HY vs */* - - - <0.05
HY/* vs */* - - - > 0.05

n: number of analyzed individuals; LT CD4+ values in arithmetic mean; *: LY, LX and HX.
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TABLE VI

Evolution of the average of the plasmatic viral load in HIV-1-infected patients carriers and not carriers of HY haplotype
(mean of log values)

ANOVA
Haplotype Ist count s 2nd count ] Frequency p
HY (n=36) 3.154 + 1.745 2.904 +1.103 2.3827 0.0062
LY, LX and HX (n =26)3.346 +1.533 3.108 +1.126 0.8342 0.6734

viral load values in arithmetic mean.

LYA/O, LYO/O, LYO/LXA, HY/LXO, LY/LXO (corre-
lated with low serum levels of MBL) had a significantly
higher viral load (52.7 copies/mm’; log = 4.72) com-
pared to the 63 patients carrying the haplotypes HYA/A,
HY/LYA, LYA/A, LY/LXA, HYO/O, HYA/LYO, HYA/
LXO (correlated to medium and high levels of MBL)
(21.8 copies/mm?’; log, = 4.33; p < 0.05).

DISCUSSION

The present study described the distribution of allel-
ic variants of the promoter region of the MBL gene and
compared this distribution among HIV-l-infected and
uninfected subjects. MBL is an important serum protein
involved in the innate immune response, which is able
to trigger complement activation (Wong et al. 1999, Kil-
patrick 2002, Turner 2003). The presence of mutations
in exon 1 of the MBL gene has been associated with the
occurrence of immunodeficiency and chronic infection
diseases (Kilpatrick 2002, Turner 2003). In our study,
the variant MBL*B was clearly associated with higher
plasma viral load levels (Vallinoto et al. 2006).

The frequency distribution of allelic variants of the
promoter region of the MBL gene described in this study
was similar to the frequencies reported by Steffensen
et al. (2000) and Michington et al. (2002) among Dan-
ish and Australian blood donors, respectively, as well
as by Hakozaki et al. (2002) among HBV carriers and
uninfected subjects in Japan. The similarity of the fre-
quencies may be a usual convergence of the haplotypes
among different population groups even when they are
from distinct geographic locations.

A small difference was observed in the frequency in
position -550 of the promoter region of the MBL gene.
This suggests a possible predisposition to HIV-1 infec-
tion due to the high frequency of HIV-infected subjects
carrying the allele L in homozygous form, but no sig-
nificant differences in the frequencies of alleles, hap-
lotypes or genotypes among HIV-l-infected and unin-
fected subjects was reported. Nielsen et al. (1995) and
Pastinen et al. (1998) have shown that HIV-1-infected
subjects presented lower serum levels of MBL compared
to uninfected subjects and, according to Mangano et al.
(2008), MBL plasma concentration is associated with
the rate of AIDS progression when considering verti-
cal transmission of the virus. This model was not sup-
ported by Senaldi et al. (1999). No significant correlation
was observed between the level of serum MBL and the

time of detection of antibodies to HIV-1, the develop-
ment of AIDS, the diagnosis of AIDS or death (Nielsen
et al. 1995, Garred et al. 1997a, b, Prohaszka et al. 1997,
Mcbrige et al. 1998).

Low levels of serum MBL have been associated
primarily with a significant increase (Prohaszka et al.
1997) or reduction (Senaldi et al. 1999) in survival time
after the diagnosis of AIDS, as well as with the increase
of the time between seroconversion and development of
AIDS and death (Maas et al. 1998, Mangano et al. 2008).
Serum levels of the MBL protein have a direct associa-
tion with the polymorphisms of the promoter region and
with mutations in exon 1 of MBL gene. The absence of
statistical association of the frequencies of alleles, hap-
lotypes and genotypes in the present study suggests that
the mutations in the promoter region, which are related
to medium and low levels of MBL serum protein, are not
clearly associated to the susceptibility/resistence to infec-
tion by HIV-1, rate of infection or progression to AIDS.

It has been suggested that the deficiency of MBL pro-
tein increases the susceptibility to HIV-1 infection and
the progression of disease (Nielsen et al. 1995, Garred et
al. 1997a, b, Prohaszka et al. 1997, Mcbrige et al. 1998,
Pastinen et al. 1998). In Belém, a significant increase of
the MBL*B variant among HIV-1-infected subjects was
observed (Vallinoto et al. 2006). Although the genotype
B/B was six times more frequent, neither allele nor gen-
otype differences were significant.

MBL gene polymorphisms may have a direct role
in HIV-1 infection in which low serum levels of MBL
protein contribute to the increase of plasma viral load
(Garred et al. 1997a, b). In the present study, infected
subjects carrying the HY haplotype clearly reduced their
plasma viral load between the two laboratory counts
performed three to six months apart, while patients
carrying haplotypes LX and LY did not. These results
are similar to what has been described previously in
Belém, in which the polymorphism in codon 54 of the
MBL gene leads to a higher plasma viral load among
HIV-l-infected subjects (Vallinoto et al. 2006). Addi-
tionally, when matching the polymorphism results of the
promoter and exon 1 regions, we identified a significant
association between high viral load and the presence of
genotypes correlated to low MBL serum levels, support-
ing our previous report showing the direct influence of
the structural mutation on exon 1 regarding HIV-1 viral
load (Vallinoto et al. 2006). Thus, the results obtained
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suggest that the low serum levels of MBL could con-
tribute to an inefficient elimination of the virus and a
consequent increase of viral load.

Nielsen et al. (1995) and Pastinen et al. (1998) de-
scribed an absence of correlation between the serum
concentration of MBL and the decline of CD4* T lym-
phocytes among HIV-1 infected subjects. The present
results describe a significant increase of CD4" T lym-
phocytes among HIV-1-infected subjects carrying hap-
lotype HY either in homo or heterozygous form. It is
possible that the reduction of plasma viral load decreases
the level of T lymphocyte infection. Higher concentra-
tions of circulating MBL favor the activation of the com-
plement system and indirect blocking of viral replica-
tion. Michington et al. (2002) confirm that the presence
of the HY and LY haplotypes are associated to higher
concentrations of MBL in contrast to the low circulating
levels associated with the LX haplotype.

The role of MBL in HIV-1-infected subjects is still a
controversial matter. It is possible that the identification
of the polymorphism in the promoter region could be
used as a biomarker for the monitoring of antiretroviral
therapy in conjunction with CD4" T lymphocyte counts
and plasma viral load. Furthermore, there is a need to
evaluate the actual impact of MBL serum deficiency on
the course of HIV-1 infection, particularly in light of the
potential use of recombinant MBL as a therapeutic tool.

ACKNOWLEDGMENTS
To all of the subjects involved in this study.
REFERENCES

Ayres M, Ayres Jr M, Ayres DL, Santos AS 2005. BioEstat 4.0: Apli-
cagoes estatisticas nas dareas das ciéncias biologicas e médicas.
Sociedade Civil Mamiraud/MCT-CNPq/Corservation Interna-
tional, Belém, 323 pp.

Cohen OJ, Kinter A, Fauci AS 1997. Host factors in the pathogenesis
of HIV disease. Immunol Rev 159: 31-48.

Garred P, Madsen HO, Balslev U, Hofmann B, Pedersen C, Gerstoft J,
Svejgaard A 1997a. Susceptibility to HIV infection and progres-
sion of AIDS in relation to variant alleles of mannose binding
lectin. Lancet 349: 236-240.

Garred P, Richter C, Andersen AB, Madsen HO, Mtoni I, Svejgaard
A, Shao J 1997b. Mannan-binding lectin in the sub-Saharan HIV
and tuberculosis epidemics. Scand J Immunol 46: 204-208.

Hakozaki Y, Yoshiba M, Sekiyama K 2002. Manose-binding lectin
and the prognosis of fulminate hepatic failure caused by HBV
infection. Liver 35: 29-34.

Kilpatrick DC 2002. Mannan-binding lectin and its role in innate im-
munity. Transfus Med 12: 335-351.

Korber B, Muldoon M, Theiler J, Gao F, Gupta R, Lapedes A, Hahn
BH, Wolinsky S, Bhattacharya T 2000. Timing the ancestor of
the HIV-1 pandemic strain. Science 288: 1789-1796.

Maas J, Husman AMR, Brouwer M, Krol A, Coutinho R, Keet I, Van
Leeuwen R, Schuittemaker H 1998. Presence of the variant man-
nose-binding lectin alleles associated with slower progression to
AIDS. Amsterdam Cohort Study. AIDS 12: 2275-2280.

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

Madsen HO, Garred P, Thiel S, Kurtzhals JAL, Lamm LU, Ryder LP,
Svejgaard A 1995. Interplay between promoter and structural
gene variants control basal serum level of mannan-biding pro-
tein. J Immunol 155: 3013-3020.

Mangano A, Rocco C, Marino SM, Mecikovsky D, Genre F, Aulicino
P, Bologna R, Sen L 2008. Detrimental effects of mannose-bind-
ing lectin (MBL2) promoter genotype XA/XA on HIV-1 vertical
transmission and AIDS progression. J Infect Dis 198: 694-700.

Mcbride MO, Fischer PB, Sumiya M, Mcclure MO, Turner MW, Skin-
ner CJ, Weber JN, Summerfield JA 1998. Mannose-binding pro-
tein in HIV-seropositive patients does not contribute to disease
progression or bacterial infections. Int J STD AIDS 9: 683-688.

Michington RM, Dean MM, Clark TR, Healey S, Mullighan 2002.
Analysis of relationship between mannose-binding lectin (MBL)
genotype, MBL levels and function in an Australian blood donor
population. J Immunol 56: 630-641.

Miller MP 1999. Tools for population genetic analyses (TFPGA) 1.3v.
A windows program for the analysis of allozyme and molecular
population genetic data. Department of Biological Sciences,
Nothern Arizona University, Flagstaff, 30 pp.

MS - Ministério da Saude 2004. Recomendagdes para terapia anti-
retroviral em adultos e adolescentes infectados pelo HIV. Secre-
taria de Vigilancia em Saude, Programa Nacional de DST e Aids,
Brasilia, 140 pp.

Nielsen SL, Andersen PL, Koch C, Jensenius JC, Thiel 1995. The
level of the serum opsonin, mannan-binding protein in HIV-1
antibody-positive patients. Clin and Exp Immunol 100: 219-222.

Pastinen T, Liitsola K, Niini P, Alminen M, Syvédnen AC 1998. Con-
tribution of the CCRS5 and MBL genes susceptibility to HIV type
I infection in the Finnish population. AIDS Res Hum Retrovir 14:
171-175.

Prohaszka Z, Thiel S, Ujhelyi E, Szlavik J, Banhegyi D, Fust G 1997.
Mannan-binding lectin serum concentrations in HIV-infected
patients are influenced by the stage of disease. Immunol Lett 58:
171-175.

Senaldi G, Davies ET, Mahalingam M, Lu J, Pozniak A, Peakman M,
Reid KB, Vergani D 1999. Circulating levels of mannose binding
protein in human immunodeficiency virus infection. J Infect 31:
145-148.

Steffensen R, Thiel S, Varming K, Jersild C, Jensenius JC 2000.
Detection of structural gene mutations and promoter polymor-
phisms in the mannan-binding lectin (MBL) gene by polymerase
chain reaction with sequence-specific primers. J Immun Methods
241: 33-42.

Turner MW 2003. The role of mannose-binding lectin in health and
disease. Mol Immnunol 40: 423-429.

Vallinoto AC, Menezes-Costa MR, Alves AE, Machado LF, Azeve-
do VN, Souza LL, Ishak MOG, Ishak R 2006. Mannose-binding
lectin gene polymorphism and its impact on human immunodefi-
ciency virus 1 infection. Mol Immunol 43: 1358-1362.

Wong NK, Kojima M, Dobo J, Ambrus G, Sim RB 1999. Activities of
the MBL-associated serine proteases (MASPs) and their regula-
tion by natural inhibitors. Mol Immunol 36: 853-861.



