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Haplotype HLA-B8-DR3 Confers Susceptibility to Hepatitis C Virus-Related
Mixed Cryoglobulinemia

By Marco Lenzi, Magda Frisoni, Vilma Mantovani, Paolo Ricci, Luigi Muratori, Raffaella Francesconi,
Mariaclara Cuccia, Silvio Ferri, and Francesco B. Bianchi

Our aim was to investigate whether host genetic factors are
involved in the onset of hepatitis C virus (HCV)-related mixed
cryoglobulinemia (MC). We studied 25 consecutive patients
presenting with a full-blown clinical picture of MC by physi-
cal examination, blood chemistry, assessment of cryoglobu-
lins and their composition, nonorgan-specific autoantibod-
ies, antibodies to HCV, serum HCV RNA, and HLA
polymorphism. Biopsies of liver, bone marrow, and minor
salivary glands were also performed in a number of patients.
HLA results were compared with those of normal controls
and patients with chronic HCV infection without MC and
negative for autoimmune phenomena (pathological con-
trols). Type Il MC was found in 14 of 25 patients (56%), and
type Il MC was found in the remaining 11 (44%). All patients

were positive for antibodies to HCV and/or serum HCV RNA.
HLA-B8 was found in 40% (10 of 25) of patients compared
with 10.1% (38 of 377) of normal controls (P = .00003,
Peorrected = -0005, relative risk [RR] 5.9) and 6.7% (2 of 30) of
pathological controls (P = .007, Porrected = NOt significant). As
for class Il HLA molecules, only DR3 was significantly more
frequent in MC patients (40%, 10 of 25) than in normal
controls (15.1%, 57 of 377; P = .003, Pcorrected = -03, RR 3.7).
Odds ratio (OR) for the risk of developing MC was calculated
in patients positive for B8 and/or DR3, and the highest OR
(8.2) was observed in individuals possessing both. The
results suggest that the development of HCV-related MC is
associated with HLA-B8 and DR3 markers.

© 1998 by The American Society of Hematology.

IXED CRYOGLOBULINEMIA (MC) is characterized linemic syndrome (purpura, arthralgia, and weakness associated with

by the presence of purpura, arthralgia and weaknesgvidence of circulating cryoglobulins). Only one patient had a past
associated with circulating immunoglobulins that precipitate history of blood transfusion, 11 of 25 had been treated with steroids and
when cooled and exhibit rheumatoid factor (RF) activity. plasma-exchange, and none had been previously treated with interferon.

Based on the observation of frequent liver involvement in MC Thirty consecutive untreated patients with HCV-related chronic liver
patients, hepatitis viruses have been investigated as possibﬂ*}sease were prospectively enrolled as pathological controls. They all
etiologic agents. An initial report associating MC with hepatitis Presented no signs of MC and were negative for nonorgan-specific
B virus infectior? failed later to be confirme®,whereas autoantibodies and cryoglobulins tested at least twice at an interval of 2
observations from different groups support a close associatiof'°"ths- The diagnosis of HCV-related chronic liver disease was based

between MC and hepatitis C virus (HCV) infectibAHCV is a on _C"n'ca!’ serological, and h'smlog'.cal criteria. L'Ver.h'Stqlogy.WaS

lymphotropic virus and persistent stimulation of the immune available in al_l _and_ was Cons's.tent V.V'th chronic hepatitis W't.h mild to
system by the virus seems to be responsible for the appearan(r:neOderan.3 activity in 23 and cirrhosis n 7-In b.Oth MC patients and
. . . . . . pathological controls the apparent duration of disease was assessed on

g: "\\Aﬂg Iirrll ?—|Fc);r\(;Fi)r?fr:(c:)tr;(;)fp:g;/r;ltgfgfée?afhaglregnsé (l\:/:len(;(i:taelrrszlagns the basis of the appearance of MC signs or symptoms or the first

’ - ) " detection of alanine aminotransferase (ALT) abnormality and/or anti-
nean countries notwithstanding the high prevalence of FCV. ¢y positivity.

This would suggest that either viral or host genetic factors may cjinjcal evaluation and laboratory studies.MC patients and patho-

be required for disease occurrence. To date, no significanbgical controls were evaluated at presentation by history, complete
association has been found between any HCV genotype anghysical examination, and routine blood chemistry including protein-
MC.° Likewise, the few attempts to associate host HLA profiles uria, serum transaminase, and creatinine levels.

and MC%1® have been inconclusive. Therefore, we have The presence of cryoglobulins was evaluated in both groups as
analyzed HLA class | and Il polymorphisms in patients with follows: 20 mL of blood was kept at 37°C for 2 hours in a glass tube.
full-blown HCV-related MC. Serum was cleared by centrifugation at 2,06 15 minutes at room
temperature and stored at 4°C for 7 days and examined daily. Samples
were considered to be positive for cryoglobulins when a cryocrit of at
Patients. Twenty-five consecutive patients with MC took part in least 0.5% was found and the heat resolubility of the cryoprecipitate was

the study. Admission criteria were the presence of the typical cryoglobuchecked. Mixed cryoglobulins were classified as type Il when a
monoclonal component with RF activity was identified in the cryoglob-

ulins by immunofixation using 1gG, IgM, and and \ light chain
monospecific antisera (Paragon IFE; Beckman Analytical, Milan, Italy).
In addition serum RF was tested at 37°C by nephelometry using a
commercial assay that detects IgM RF (RHF; Beckman Analytical) and
antibodies to HCV were investigated by means of a second generation
Submitted February 3, 1997; accepted November 4, 1997. enzymg-linked immunosorbent ass.ay (ELISA;' Orthp Diagnostic Sys-
Address reprint requests to Marco Lenzi, MD, Dipartimento di tem, Milan, Italy). A second-generation recombinant immunoblot assay

Medicina Interna, Cardioangiologia, Epatologia, Policlinico S. Orsola, (RIBA; Chiron Ortho Diagnostic System, Milan, Italy) was used as
via Massarenti n° 9, 40138 Bologna, Italy. confirmatory test. All sera were tested for circulating HCV RNA by

The publication costs of this article were defrayed in part by page “nested” polymerase chain reaction (PCR) using primers derived from
charge payment. This article must therefore be hereby matkebder-  the highly conserved '5noncoding region of the HCV genorig.
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate Nonorgan specific and double-stranded DNA autoantibodies were
this fact. tested by indirect immunofluorescence on cryostat sections of rat liver,

© 1998 by The American Society of Hematology. kidney and stomach, HEp-2 cell cultures (Kallestad, Austin, TX), and
0006-4971/98/9106-0026$3.00/0 Crithidia luciliae cultures (Medic, Turin, Italy) at a serum dilution of
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1:40. Each positive serum was titrated to extinction. The presence ohumber of comparisons made (ie, depending on the number of variants
antiextractable nuclear antigen antibodies (anti-ENA) and antiactinand the number of groups tested) using Bonferroni’'s inequality meth-
antibodies were tested by counterimmunoelectrophoresis using a freshlyd 17 The strength of association between HLA antigens and MC was
prepared saline extract of lyophilized rabbit thymus acetone powdeestimated by calculating the relative risk (RR) using the methods of
(Pel-Freez Biologicals, Rogers, AR) and purified actin, respectively. InHoldane!® Odds ratio (OR) for the risk of developing MC was
15 of the 25 MC patients C3 and C4 levels were measured bycalculated from 2< 2 contingency tables, according to Svejgaard and
nephelometry using antisera to human complement factors (BehringRyder®
werke AG, Marburg, Germany).

Liver biopsy specimens were obtained in 15 MC patients who
accepted to undergo the procedure. Similarly, a bone marrow biopsy
was performed in 9 patients and a minor salivary gland biopsy in 3. The median age of patients with MC was 59 years (range 43
Liver involvement was defined as alanine aminotransferase levels morgp 75) with a median disease duration of 87 months (range 26 to
than twice the upper normal limit for longer than 6 months. Kidney 240). Both age and apparent duration of disease were not

involvement was defined as urinary protein excretion greater than 0-1§ignificantly different from those of pathological controls

g/dL a_nd/orabnormal valueg of serum creatinine. Peripheral neuropath median age 56 years, range 33 to 73; disease duration 102
was diagnosed on the basis of numbness, paresthesia, weakness,

loss of osteotendineous reflexes and confirmed by electromyography in %nths, range_ 30 to 294). Purpura, arthralgia, and Wgakness
four cases. Lymphoma was diagnosed by bone marrow biopsy. Sicc/ - . .
syndrome was diagnosed on the basis of xerophthalmia, xerostomi@dmission into the study. As shown in Table 1 type II

abnormal Shirmer’s test, and positive histology of minor salivary Cryoglobulinemia was found in 14 patients (56%) and type Il in
glandsts 11. Liver involvement was found in 21 of 25 (84%): liver

HLA typing. The standard microcytotoxicity as$éyas performed  histology was available in 15 and consistent with chronic

aqy
to determine HLA class | and Il antigens using a panel of antisera fromhepatitis with mild to moderate activity in 11 cases and cirrhosis
the 11th International Histocompatibility Workshop and several commer-in 4; in another 2 patients the diagnosis of cirrhosis was based
cial antisera (Onelambda Inc, Los Angeles, CA). Results of MC patientsyy clinical and biochemical signs, and in 4 more patients there
were compared with those obtained by the same antisera in 377 healthx,ere ALT abnormalities but no histology was available
subjects (normal controls) and in the above described 30 pathological Peripheral neuropathy was found in 15 of 25 patients (60%)
controls. Patients and controls were all Italian and their geographic . . .
nd confirmed by electromyography in 4. The lower limbs were

origin had been carefully checked to compare subjects from the samg X ) . ; -
areas. mostly involved. None of the patients had received a diagnosis

Statistics. Statistical analysis was performed usifanalysis with ~ Of lymphoma before that of MC but in 9 of them (7 with type I

Yates’ correction, Fisher’s exact test, and Wilcoxon rank sum test wherMC) a bone marrow biopsy showed evidence of low-grade
appropriate; probability ) values were correctedPforrected by the B-cell ymphoma according to the Updated Kiel Classificafon

RESULTS

Table 1. Main Features of 25 Patients With Mixed Cryoglobulinemia (MC)

Age, HLA Cryo Liver Peripheral Kidney Sicca
Case Sex B8/DR3 Type Involvement* Neuropathy Lymphoma Involvement Syndrome
1 62F - 1l + + nd - -
2 68F - 1] + + nd - -
3 65F - 1 + + nd - -
4 61F - 1l + - nd - -
5 64F B8 1] - + + + -
6 60F - 1] + - + - -
7 49F - 1] + - + - -
8 67F B8-DR3 1l + - nd - -
9 43F B8-DR3 1] + - nd - -
10 55M - 1] + - + - -
11 54M DR3 1l + - + - -
12 63F B8 1] + - + + -
13 58F - 1 + - nd - +
14 75F - 1l + + nd - -
15 52F B8-DR3 1] - + + - -
16 70F B8-DR3 1] - + + - +
17 63F - 1 + + nd - -
18 50F DR3 1] + + nd - -
19 57M - 1l + + nd - -
20 70F B8-DR3 1] + + nd - -
21 50F B8-DR3 1] - + nd - -
22 54F - 1] + + nd - -
23 44F - 1] + + + - +
24 T2F B8-DR3 1] + + nd + -
25 44F B8-DR3 1] + - nd - -

Abbreviation: nd, not done.
*Cirrhosisin 6 (no. 2, 14, 17, 22, 24, 25); chronic hepatitis in 11, abnormal ALT without biopsy in 4 (no. 4, 6, 10, 20).
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and the Revised European-American Lymphoma ClassificatioiHLA-B18 was also more frequent in MC patients versus normal
(REAL).2* Three patients (12%) showed signs of renal involve- controls ( 32%, 8 of 2% 13.3%, 50 of 377P = .017,Pcorected=
ment and 3 of sicca syndrome. NS). As for class Il HLA antigens, only DR3 was significantly
All but 2 MC patients had a positive serum IgM RF. more frequent in MC patients (40%, 10 of 25) than in normal
Antibodies to HCV were detected in 24 (96%) of the 25 controls (15.1%, 57 of 37 R = .003,P¢orected= -03, RR 3.7),
patients. Serum HCV RNA was positive in 24 patients (96%),whereas no significant difference was found between MC
including the one who was anti-HCV negative. One patient wagpatients and pathological controls. The frequency of the B8-
anti-HCV positive and HCV RNA negative. Nonorgan-specific DR3 phenotype was significantly higher in MC patients (32%, 8
autoantibodies were found in 5 (20%) cases. Four patients weref 25) than in healthy controls (6.1%, 23 of 37 = .00001,
positive for anti-smooth-muscle antibody with nonactin speci-Pggrected= -0003, RR 7.2) and pathological controls (6.7%, 2 of
ficity (titer ranging from 1:40 to 1:160) and the remaining one 30, P = .03, Peorrected = NS). None of the MC patients were
had both anti-smooth-muscle antibody (antiactin, titer 1:320)homozygous for B8/DR3 haplotype. No significant difference
and antinuclear antibody with homogeneous pattern (titein HLA frequencies was found between pathological and
1:320). All cases were negative for double-stranded DNA andhormal controls.
antibodies to extractable nuclear antigens. In the 15 MC patients Because both HLA-B8 and DR3 genetic markers were found
tested, normal levels of C3 were found, whereas C4 levels weréo be associated with MC, we have calculated the OR for the
below the lower limit of the normal range (15 to 45 mg/dL) in risk to develop the disease in individuals positive for either or
10 (median 8 mg/dL, range 2 to 90). both HLA alleles (Table 4). The highest OR (8.2) was observed
HLA class | and class Il allele frequencies in MC patients in subjects positive for both B8 and DR3, whereas B8-positive/
compared with pathological and normal controls are shown inDR3-negative or DR3-positive/B8-negative patients showed an
Tables 2 and 3. Class | HLA-B8 was found in 40% (10 of 25) of OR of 3.1 and 1.3, respectively.
patients compared with 10.1% (38 of 377) of normal controls MC patients who were positive for B8 and/or DR3 did not
(P = .00003,P¢orrected= -0005, RR 5.9) and 6.7% (2 of 30) of show any significant clinical or biochemical difference in
pathological controlsK = .007,Porecteanot significant [NS]).  comparison with their negative counterparts (Table 1). How-

Table 2. HLA Class | Allele Frequencies in MC Patients Compared With Control Groups

Patients Pathological Normal
(%) Controls (%) Controls (%)

Alleles n=25 n =30 n =377 RR pel pell pclll
Al 24.0 (6) 16.7 (5) 22.5(85) 1.1 NS NS NS
A2 60.0 (15) 56.7 (17) 46.1 (174) 17 NS NS NS
A3 12.0 (3) 23.3(7) 23.3(88) 0.4 NS NS NS
A9 36.0 (9) 30.0 (9) 28.6 (108) 1.4 NS NS NS
Al0 12.0 (3) 3.3(1) 10.6 (40) 11 NS NS NS
All 0.0 (0) 16.7 (5) 9.3 (35) 0.2 NS NS NS
Al9 36.0 (9) 23.3(7) 33.4 (126) 11 NS NS NS
A28 4.0 (1) 0.0 (0) 5.3 (20) 0.7 NS NS NS
B5 24.0 (6) 33.3(10) 27.3 (103) 0.8 NS NS NS
B7 8.0 (2) 16.7 (5) 12.2 (46) 0.6 NS NS NS
B8 40.0 (10) 6.7 (2) 10.1 (38) 5.9 0.0005 NS NS*
B12 16.0 (4) 13.3 (4) 15.4 (58) 1.0 NS NS NS
B13 4.0 (1) 3.3(1) 6.1 (23) 0.6 NS NS NS
B14 16.0 (4) 3.3(1) 6.9 (26) 2.6 NS NS NS
B15 20.0 (5) 13.3 (4) 8.5 (32) 2.7 NS NS NS
B16 8.0 (2) 13.3 (4) 9.0 (34) 0.9 NS NS NS
B17 0.0 (0) 10.0 (3) 8.5 (32) 0.2 NS NS NS
B18 32.0(8) 13.3 (4) 13.3 (50) 3.1 NSt NS NS
B21 0.0 (0) 6.7 (2) 8.5(32) 0.2 NS NS NS
B22 4.0 (1) 0.0 (0) 4.8 (18) 0.8 NS NS NS
B27 0.0 (0) 0.0 (0) 2.4(9) 0.8 NS NS NS
B35 12.0 (3) 36.7 (11) 30.2 (114) 0.3 NS NS NS
B37 0.0 (0) 3.3(1) 1.6 (6) 1.1 NS NS NS
B41 0.0 (0) 0.0 (0) 1.3(5) 13 NS NS NS
B42 0.0 (0) 0.0 (0) 0.5 (2) 2.9 NS NS NS
B47 0.0 (0) 0.0 (0) 0.5(2) 2.9 NS NS NS
B53 0.0 (0) 0.0 (0) 0.5 (2) 29 NS NS NS

p.! = p. patients versus normal controls; p.ll = p. pathological controls versus normal controls; p.lll = p. patients versus pathological controls.
RR was calculated comparing patients to normal controls. NS indicates Pc values less than 0.05. Symbols indicate all the differences that were
significant before P values were corrected for the aggregate HLA antigens tested (Pc).

*P = .007.

tP=.017.
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Table 3. HLA Class Il Allele Frequencies in MC Patients Compared With Control Groups

Pathological Normal
Patients % Controls % Controls %

Alleles n=25 n =30 n =377 RR o8 pell pelll
DR1 12.0 (3) 16.7 (5) 16.7 (63) 0.7 NS NS NS
DR2 24.0 (6) 40.0 (12) 22.8 (86) 1.1 NS NS NS
DR3 40.0 (10) 23.3(7) 15.1 (57) 3.7 0.03 NS NS
DR4 0.0 (0) 6.7 (2) 15.9 (60) 0.1 NS NS NS
DR5 56.0 (14) 36.7 (11) 39.5 (149) 1.9 NS NS NS
DR6 24.0 (6) 30.0 (9) 26.3 (99) 0.9 NS NS NS
DR7 8.0 (2) 13.3 (4) 29.7 (112) 0.2 NS* NS NS
DR8 4.0 (1) 0.0 (0) 7.7 (29) 0.5 NS NS NS
DR9 0.0 (0) 0.0 (0) 1.1(4) 1.6 NS NS NS
DR10 0.0 (0) 0.0 (0) 1.9 (7) 1.0 NS NS NS
DQ1 48.0 (12) 66.7 (20) 61.8 (233) 0.6 NS NS NS
DQ2 40.0 (10) 33.3(10) 43.5 (164) 0.9 NS NS NS
DQ3 60.0 (15) 46.7 (14) 56.5 (213) 1.1 NS NS NS
B8/DR3 48.0 (12) 23.3(7) 19.1 (72) 3.9 0.04 NS NS
B8, DR3 32.0(8) 6.7 (2) 6.1 (23) 7.2 0.0003 NS NS*

*P=.03.

ever, type Il MC was more frequent in the former than in the 10.1% prevalence of B8 observed in our controls is in accor-
latter (67%v 46% , 8 of 12v 6 of 13,P = NS). dance with the North (20%) to South (8%) gradient of B8
frequency reported in our count¥y.Furthermore, our results
DISCUSSION cannot be attributed to the enrollment of autoimmune patients.
Recent evidend® supports the ethiopathogenetic role of In fact, markers of autoimmunity and sicca syndrome, which
HCV in MC. However, it is noteworthy that cases of full-blown are both known to be associated with B8 and DR3, were present
MC seem to be rare in comparison with the high prevalence obnly in a minority of our cases. Of the five positive for
the virus as observed by Lunel et alho have reported clinical nonorgan-specific autoantibodies, only one was B8 positive and
signs of MC in 14% of their patients with HCV infection. This only one out of three with sicca syndrome was B8-DR3
discrepancy does not appear to depend on viral factors, becauggsitive.
multiple HCV genotypes have been detected in association with Before HCV was discovered, an early Italian attelypo
MC and the high prevalence of genotype Il reported by Pozzatgnyestigate genetic predisposition to MC failed to detect any
et aP mirrors the overall distribution of that same genotype in sjgnificant association of the disease with either class | or class
the same geographic area. Therefore, we have investigatgflji A molecules. However, it should be pointed out that in our
whether, i_n the presence of HCV infection, host genetic factors,qhort HCV positivity was 100% but unknown in theirs; these
may predispose to the onset of MC, as suggested by Ag#ello. oo jicting results are, thus, not easily explained. Both Migliorini
We have found a significant association with class | HLA-B8 et al® and we studied patients from the same geographic area,

and class _” HLA-DR3 aIIeIe_s. AItho‘_Jg_h the association W8S galected on the basis of the same criteria and compared with
stronger with HLA-B8 than with DR3, it is remarkable that 8 of controls showing similar frequency of HLA-B8 and DR3.

25 (32%) MC patients were positive for HLA-B8 and DR3 and Recently Ossi et & have reported an increased frequency of

that the calculated OR (8.2) was higher for the haplotypeHLA A9/A24 B51. and B35 in 16 patients with HCV-related
B8-DR3 than for each single specificity (3.1 and 1.3, respec- ' ' ! pat W

MC. The desi f their study i i ble t i
tively). HLA typing of pathological controls did not differ from © cesign of thelr study 1S supenmposablé fo ours in

2 . . terms of both selection of patients and controls but unfortu-
that of normal controls, confirming the lack of genetic predispo- . . : L .
o . . nately the investigators do not give any statistical evaluation of
sition to HCV-related liver diseagé.

The significantly increased frequency of HLA-BS in our their data. The hypothetical protective role of DR7 is, similarly,

. . : . statistically unproven. We have not found a positive association
patients does not seem to depend on an inappropriate selectl%

! . rétween MC and A9/A24, B51; B35 as well as DR7 were less
of normal controls because they were matched with patients fOFre Lent in patients than in controls. Of these. onlv DR7 showed
geographic origin (Northern and Central Italy). Moreover, the q P : : only

aP < .05 value before correction. A further study by Congia et
al'?2 on Sardinian patients, selected among a polytransfused
thalassemic anti-HCV population, reports a protective role for
the DR2 subtype DRB1*1601 for HCV infection. Our data do

Table 4. Odds Ratio for the Risk of HCV-Related MC
in Patients Positive for HLA-B8 and/or DR3

HLA

" Patients Controls not confirm this observation but are consistent with the reported
B8 DR3 =29 =371 OR increase in frequency of DRB1*0301 in patients with extrahe-
- - 13 (52%) 305 (80.9%) patic features. Similarly an increased frequency of DR3in HCV
+ - 2 (8%) 15 (3.9%) 3.13 infected patients with cryoglobulins was preliminarily reported
- + 2 (8%) 34 (9.0%) 1.38 by Hwang et al3

+ + 8 (32%) 23 (6.1%) 8.20

It is known from HLA population genetics that a strong
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linkage disequilibrium exists between B8 and DR3 alleles andantigens in essential mixed cryoglobulinemia. Arthritis Rheum 24:932,
that both belong to the extended haplotype B8,C2C,BSF1981

C4AQ0,C4B1,DR3,DQ2. The close association between the 11. Ossi E, Bordin MC, Businaro MA, Marson P, Bonadonna P,
loci included in this haplotype makes it hard to say whether onghiaramonte M, Boin F, Valenti MT, Fagiolo U: HLA expression in type

or multiple loci have a role in susceptibility to disease. This“ mixed cryoglobulinemia and chronic hepatitis C virus. Clin Exp

. . eumatol 13: S91, 1995 (suppl 13)
extended haplotype is known to be overrepresented in sever5 12. Congia M, Clemente MG, Dessi C, Cucca F, Mazzoleni AP, Frau

autoimmune diseases in Wh'Ch Qn‘ferent .prlmfslry assoc'atlon‘?:, Lampis R, Cao A, Lai E, De Virgiliis S: HLA class Il genes in chronic
have been proposed. In celiac diséased insulin-dependent penaiitis C virus-infection and associated immunological disorders.
diabetes mellit® the strongest association is reported with DQ Hepatology 24:1338, 1996

molecules, in autoimmune hepatitis DRB1 and DRB3 loci are  13. Hwang SJ, Lee SD, Huang WI, Lu RH, Li CP, Luo JC, Huang
primarily involved?” whereas a deletion of C4A (described at DF: Human leukocyte antigen expression susceptible to HCV-related
proteinic level as C4AQ0) seems associated with systemieryoglobulinemia. 4th International Meeting on Hepatitis C Virus and
lupus erythematos#8.Such deletion results in a partial insuffi- Related Viruses. Kyoto, Japan, March 6-10, 1997, p 224

ciency of C4, which impairs the clearance of viruses and 14. GarsonJA, Ring CJA, Tuke PW: Improvement of HCV genome
immunocomplexed Patients with C4 deficiency are thus detectionwith "short “PCR products. Lancet 338:1466, 1991
susceptible to develop immunocomplex disedéemd animal 15. Daniels TE: Labial salivary gland biopsy in"§jen’s. Arthritis

. . . . Rheum 27:147, 1984
models with genetic C4A deletion share features of MC, ie, IgM ] . -

. . 16. Terasaki Pl, Domenico B, Park M, Ozturk G, Iwaki Y: Microdro-
rheumatoid faqtors an.d Imr’.n.unocomple).'iéﬁ)ur de}ta SUQQESt plet testing for HLA-A, -B, -C and D antigens. Am J Clin Pathol 69:103,
that the genetic predisposition to MC is associated with the;g7g
phenotype B8-DR3, the strongest association being with B8, 17, punn 0J: Multiple comparison amongst means. Am J Stat Assoc
and that HLA-B8 and DR3 may be considered risk factors forse:52, 1961
HCV-related MC in addition to cirrhosis.Moreover, it is 18. Holdane JBS: The estimation and significance of the logarithm
possible that patients exhibiting the B8-DR3 phenotype mayof a ratio of frequencies. Ann Hum Genet 20:309, 1956
carry the C4A deletion and that the low C4 levels measured in a 19. Svejgaard A, Ryder CP: HLA and disease association: Detecting
proportion of our MC patients may be Secondary to both the strongest association. Tissue Antigens 143:18, 1994
complement consumption by the disease process itself and C4A 20- Stansfeld AG, Diebold J, Kapanci Y,Kelenyi G, Lennert K,
deletion. This view is also supported by preliminary results onMioduszewska O, Noel H, Rilke F, Sundstrom C, van Unnik JAM, Wright
C4 allotyping in MC patients (data not presented) that showeoDH' Updated Kiel classification for ymphomas. Lancet |:292, 1988

. df f C4A00 ph t th ti 21. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JKC, Cleary ML,
an increased frequency o QO phenotype, thus suggesting Belsol G, De Wolf-Peeters C, Falini B, Gatter KC, Grogan TN, Isaacson

possible role of class Ill molecules in MC susceptibility. PG, Knowles DM, Mason DY, Muller-Hermelink HK, Pileri SA, Piris
MA, Ralfkiaer E, Warnke RA: Arevised European-American classifica-
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