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ABSTRACT

Objective: Familial clustering of juvenile autoimmune liver disease

(AILD), including autoimmune hepatitis and autoimmune sclerosing cho-

langitis (ASC), is rare, despite a high prevalence of autoimmune disorders in

AILD families.

Methods: To investigate this discrepancy, we measured autoantibodies

diagnostic for AILD, anti-nuclear, anti-smooth muscle, anti-liver kidney

microsomal type 1, anti-liver cytosol type 1, and anti-soluble liver antigen

antibodies, and human leukocyte antigen profiles in 31 patients and 65 of

their first-degree relatives (FDR). The autoantibody profile was compared

with that of 42 healthy subjects (HS).

Results: Autoantibodies were detected in 71% (22/31) patients. Anti-

nuclear antibody or anti-smooth muscle antibody were present in 4/65

FDR (6.2%). HS were negative for all autoantibodies. The frequencies of

homozygous HLA DRB1�0301 (DR3) genes and haplotype A1-B8-DR3

were higher in the patients (25% and 43%) than in FDR (9% and 27%) and

HS (0% and 16%). The frequencies of disease-protective genes DR4 and/or

DR15 were lower in the patients (25%) than in FDR (42%) and HS (42%).
the ASC being homozygous and the primary sclerosing cholangitis

heterozygous. Six FDR had nonhepatic autoimmune disorders, none

being autoantibody positive.

Conclusions: Homozygosity for DR3 plays a major role in the

predisposition to juvenile AILD. Diagnostic autoantibodies for AILD are

rare among patients’ FDR and not linked to clinical manifestation of AILD.

Key Words: autoantibodies, autoimmunity, hepatitis, human study,

humoral immunity

(JPGN 2014;58: 457–462)
I mmunological changes characteristic of autoimmune disease,
that is, increased levels of immunoglobulin, circulating auto-

antibodies, and activated T lymphocytes, can be detected in geneti-
cally predisposed individuals, such as first-degree relatives (FDR)
of patients with autoimmune disease. In some FDR, these findings
herald the onset of autoimmunity and can be present years before
clinical symptoms or detectable abnormalities of target-organ
function (1–3). Multiple autoantibodies are present in the siblings
of patients with type 1 diabetes mellitus (T1D) (4–6), and in the
FDR of patients with systemic sclerosis (SS) (7) and primary biliary
cirrhosis (PBC) (8). High titres of autoantibodies diagnostic for type
1 autoimmune hepatitis (AIH-1), for example, anti-nuclear antibody
(ANA) and smooth muscle antibody (SMA), have been reported in
the healthy members of 1 family, in which 3 of 7 children had AIH,
2 of them possessing the disease risk alleles HLA DR3/DR7 (9).
Whether the presence of autoantibodies in this unique AIH family
was a sporadic phenomenon or it is a common event in the families
with a history of AIH is unknown. We have, therefore, investigated
the presence of autoantibodies and the HLA profile in a large
number of families of children with autoimmune liver disease
(AILD), including AIH-1, AIH-2, and autoimmune sclerosing
cholangitis (ASC) (10). Besides ANA and SMA, we have measured
3 other diagnostic antibodies, namely, anti-soluble liver antigen
(anti-SLA), targeting o-phosphoseryl-tRNA:selenocysteinyl-tRNA
synthase (SepSecS) (11), anti-liver cytosol type 1 (anti-LC1),
targeting formimino-transferase cyclodeaminase (FTCD), and
anti-liver kidney microsomal type 1 (anti-LKM1), targeting cyto-
chrome P4502D6 (CYP2D6). These 3 autoantibodies, which are
highly specific for autoimmune liver disease and whose titres are
associated with disease severity (12–14), have never been inves-
tigated in the FDR of affected individuals. A link between auto-
duction of this article is prohibited.

A profile, and presence of clinical evidence
ought.
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METHODS

Patients
Thirty-one patients with childhood onset AILD (14 AIH-1, 7

AIH-2 and 10 ASC) were recruited between 2007 and 2010
according to the following criteria: diagnosis of AILD, treated or
untreated; availability of FDR; informed consent for the family
study. To establish whether these 31 patients were representative of
the overall childhood AILD population, their HLA profiles were
compared with those of a reference set of 149 patients with juvenile
AILD diagnosed in our center.

The diagnosis of AIH complied with the criteria of the
International AIH Group (15,14). ASC was diagnosed if patients
also had evidence of cholangiopathy on imaging (10). All of the
patients had histological features of interface hepatitis at pres-
entation. Twenty-three patients were studied while undergoing
immunosuppressive therapy with prednisolone 2.5 to 5 mg/day
with or without azathioprine 1–2 mg � kg–1 � day–1; and 8 patients
were investigated at diagnosis before starting treatment. In
patients with ASC, in addition to the above immunosuppressive
treatment, ursodeoxycholic acid (UDCA) was given at a dose of
15 to 20 mg � kg–1 � day–1. Ten patients were in full remission
(defined as normal amino transferase [AST] and immunoglobulin
G [IgG] levels, titre of ANA and SMA 1:20, anti-LKM1 negative)
(16) and 21 had active disease (defined as ANA and/or SMA
>1:20 or positive anti-LKM1, with or without elevated AST
and/or IgG levels) (16). Patients’ demographics, biochemical
data, and family history of autoimmune disease are shown in
Table 1.

Sixty-five FDR from the families of these 31 patients were
studied, including 51 parents (28 mothers and 23 fathers) and 14
siblings. Nine FDR had autoimmune disorders, only 1 being liver
related (primary sclerosing cholangitis [PSC] in an older brother): 2
had T1D (1 father and 1 mother), 1 had T1D and autoimmune
thyroiditis (mother), 3 had autoimmune thyroiditis (all mothers), 1
had rheumatoid arthritis (RA, father), and 1 had celiac disease
([CD], a sister). FDR demographics, biochemical data, and family
history of autoimmune disease are shown in Table 2.

Forty-two HS served as controls (37 females, median age 36
years, range 22–54) (Table 2). A history of autoimmune disease
within the extended family (ie, including grandparents, uncles,
aunts, and cousins) was sought for patients and HS and was present
in 22 of the 44 patients, but in none of the 42 HS.

Wang et al
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Written consent was obtained for each subject, including
children � 16 years of age and parents/guardians for younger

TABLE 1. Demographic and biochemical data of patients with autoimmu

AIH-1 n¼ 1

Family history of autoimmune disease, yes/no 7/7

Age, y 14 (7–27)

Sex, F/M 7/7

Active disease/remission 10/4

Total bilirubin (3–20 mmol/L) 16 (5–239)

AST (10–50 IU/L) 82 (26–991

IgG (6.34–18.11 g/L) 20.7 (8.7–68

Ethnicity 13/14 white

AIH¼ autoimmune hepatitis; ANA¼ anti-nuclear antibodies; anti-LC1¼ anti
antibody type 1; anti-SLA; anti-soluble liver antigen antibody; ASC¼
IgG¼ immunoglobulin G; neg¼ negative; RLA¼ radioligand assay; SMA¼ an

458
children. This study was approved by the ethics committee of
King’s College Hospital, London.

Detection of Autoantibodies

The presence of circulating ANA, SMA, anti-LKM1, and
anti-LC1 in patients, their FDR, and HS was investigated by indirect
immunofluorescence (IIF) as described previously (17,18). An in-
house radioligand assay (RLA) (12) was used to detect anti-SLA
antibodies. All sera testing positive for anti-SLA by RLA were also
tested by commercial Western blot, where prokaryotically
expressed recombinant SLA/LP was used as antigen and analyzed
by the EUROLineScan Programme (Euroimmun, Grob Grönau,
Germany).

HLA Typing

HLA genotyping was performed in patients and family
members, for whom a sufficient number of cells was available,
using polymerase chain reaction/sequence-specific primers (SSP),
according to the manufacturer’s instructions using the HLA SSP
typing kit (ROSE Europe GmbH, Frankfurt, Germany), and com-
pared with the HLA of 149 patients with childhood onset AILD in
our database, for whom the complete autoantibody profile was
available (63 [42%] with AIH-1, 35 [24%] with AIH-2 and 51
[34%] with ASC).

Statistical Analysis

The x2 and the 1-tailed Fisher exact tests were used to
compare autoantibody and HLA frequencies in different groups.
A P value of <0.05 was considered significant and a P value
between 0.05 and 0.15 was considered a trend.

RESULTS

ANA, SMA, Anti-LC1, and Anti-LKM1
Autoantibodies

Autoantibodies were detected in 71% (22/31) of the patients
with AILD. In the 10 patients with AIH-1 and active disease, ANA
were present in 7 (70%) and SMA in 8 (80%), double positivity for
ANA/SMA was found in 5 patients (50%), and double negativity in

JPGN � Volume 58, Number 4, April 2014
authorized reproduction of this article is prohibited.

none. The median titre of ANA was 1/80 (range 1/40–1/320) and of
SMA was 1/160 (range 1/40–1/2560). Among the 4 AIH-1 patients

ne liver disease (AILD)

Patients with AILD (n¼ 31)

4 AIH-2 n¼ 7 ASC n¼ 10

1/6 6/4

9 (5–13) 14 (9–18)

5/2 2/8

5/2 6/4

10 (6–102) 10 (4–256)

) 61 (21–657) 54 (19–2716)

.6) 12.6 (6.0–19.7) 16.9 (10.2–53.4)

White White

-liver cytosol antibody type 1; anti-LKM-1¼ anti-liver kidney microsomal
autoimmune sclerosing cholangitis; AST¼ aspartate aminotransferase;
ti-smooth muscle antibodies. All values are presented as median and range.
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TABLE 2. Demographic and biochemical data of patients’ FDR and healthy subjects

FDR n¼ 65

HS
Mothers n¼ 28 Fathers n¼ 23 Siblings n¼ 14 n¼ 42

Autoimmune disease (%) 5 (17.9) 2 (8.7) 2 (14.3) None

Age, y 44 (24–53) 47 (38–58) 13 (5–24) 36 (22–54)

Sex, F/M 28/0 0/23 6/8 37/5

AST, 10–50 IU/L Normal Normal Normal Normal

Ethnicity 27/28 white White White 39/42 white

AST¼ aspartate aminotransferase; FDR¼first-degree relatives; HS¼ healthy subjects.
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in remission, ANA were present in 2 (50%), with an immunofluor-
escence titre of 1/20. SMA was not detected in these 4 patients.

In the 6 patients with ASC and active disease, ANAs were
present in 4 (67%), SMAs in 2 (33%), and 1 patient was double
positive. The titres of ANA were 1/20, 1/20, 1/80, and 1/160,
respectively; the titres of SMA were 1/40 and 1/80. Of the 4 patients
with ASC in remission, none were positive for ANA and SMA.

Of the 5 patients with AIH-2 and active disease, all were
positive for autoantibodies: anti-LKM1 were present in 4 (80%),
with a median titre of 1/80 (range 1/20–1/2560); anti-LC1s were
present in 1 (ELISA). Anti-LKM1 was not present in 2 patients
in remission.

Among 65 FDR, the frequency of positivity for either ANA
or SMA was 6.2% (4/65). Of the 4 FDR positive for autoantibodies,
2 mothers of patients with ASC (P23 and P29) and 1 sister of a
patient with AIH-2 (P20) were positive for ANA, whereas 1 father
of a patient (P5) with AIH-1 was positive for SMA. Their auto-
antibody and HLA profiles are summarized in Table 3. The ANA
immunofluorescence pattern in both the patients and FDR was
homogenous. None of the FDR were positive for anti-LC1 or anti-
LKM1.

All of the 42 HS were negative for ANA, SMA, anti-LC1,
and anti-LKM1 antibodies. The frequency of ANA or SMA posi-
tivity in FDR was significantly lower than in the patients with AILD
(4/65 vs 22/31, P< 0.0000001) and tended to be higher than in HS
(P¼ 0.13).

Anti-SLA/SepSecS Antibodies

Detection of anti-SLA/SepSecS antibodies by both RLA and
commercial immunoblot was performed in all 31 patients, 65 FDR,
and 42 HS. Anti-SLA was positive by RLA in 8 of the 31 (26%)
patients with AILD, in one of whom it was also positive by
immunoblot. The frequency of anti-SLA was 29% (4/14) in
AIH-1, 10% (1/10) in AIH-2, and 30% (3/10) in ASC. All 8 patients
positive for anti-SLA by RLA had active disease. Anti-SLA anti-
bodies were not detected in FDR or HS.

Frequency of HLA Class I and II Alleles in
Patients, Their FDR, and HS

The frequencies of HLA class I and II alleles conferring
susceptibility or resistance to AILD were determined in 28 of the 31
patients, 45 of the 65 FDR from 19 families, and 31 of the 42 HS.
HLA class I A alleles were assessed in 42 FDR and B alleles in
41 FDR.

The comparison between the HLA profile of the 28 patients,
pyright 2014 by ESPGHAN and NASPGHAN. Un

the 45 FDR, and the 31 autoantibody tested HS with the reference
set of 149 patients with AILD is shown in Table 4. The frequency of

www.jpgn.org
all alleles, apart from homozygous HLA DRB1�3 (DR3), was
similar between the reference set and the AILD study group.
The frequency of homozygous DR3 in the reference set was lower
than in the study group (P¼ 0.03).

The frequency of HLA A�01 in the patients (46%) was
higher than in HS (23%, P¼ 0.05), it tended to be higher in
FDR (41%) than in HS (P¼ 0.1). The frequency of homozygous
HLA A�01 in the patients (18%) was slightly higher than in FDR
(12%), and higher than in HS (3%, P¼ 0.06). The frequency of
HLA B�08 was similar in the patients (46%) and FDR (41%), both
being higher than in HS (16%, P¼ 0.01 and P¼ 0.02, respectively).
The frequency of homozygous B�08 was slightly higher in the
patients than in FDR (14% vs 5%, P¼NS), but significantly higher
than in HS (0%, P¼ 0.03).

The patients with AILD (68%) and FDR (56%) were more
frequently positive for HLA DRB1�0301 (DR3) than HS (23%,
P¼ 0.0005 and P¼ 0.004, respectively). The frequency of homo-
zygous DR3 was significantly higher in the patients (25%) than in
FDR (9%, P¼ 0.05) and HS (0/31, P¼ 0.004).

The frequency of HLA DRB1�0701 (DR7) and DRB1�1301
(DR13) was similar among patients, FDR, and HS. Owing to the
small sample size, the frequency of the 2 genes DRB1�0401 and
DRB1�1501, reported to confer resistance to childhood AIH (10),
was analyzed together. The frequency of these genes was slightly
lower in the patients (25%) than in FDR (42%) and HS (42%), but
the difference was not statistically significant.

The frequency of other genes (DR2, DR5, DR6, DR8, and
DR10), which have not been defined as disease predisposition or
protection genes, was also analyzed together. The frequency of
these genes was similar in the patients (5%) and FDR (0/45),
both being significantly lower than in HS (29%, P¼ 0.009 and
P¼ 0.0001, respectively).

In the patients with AILD, the frequency of the HLA
A1-B8-DR3 haplotype tended to be higher than in FDR (43%
vs 27%, P¼ 0.15), being significantly higher than in HS (16%,
P¼ 0.02). Seven of 19 families for which HLA data were
available for both patients and FDR contained at least 1 FDR
with autoimmune disease, but only 1 family had 2 brothers with
liver-related autoimmune disease: patient number 25, diagnosed
as having ASC in childhood, had a brother with PSC diagnosed in
adult life. At the time of investigation, patient number 25, his
brother with PSC, sister, and parents were well, with normal liver
function tests and negative autoantibodies. Although patient
number 25, his brother with PSC, and parents were all A1-B8-
DR3 positive, only the 2 brothers with autoimmune liver disease
were homozygous for disease predisposing alleles, patient num-
ber 25 being homozygous for A1-B8-DR3 and his brother for A1
and DR3 (Table 3). None of the 6 FDR with nonliver autoimmune
authorized reproduction of this article is prohibited.

diseases was homozygous for DR3 or for the haplotype A1-B8-
DR3.
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TABLE 3. Autoantibody and HLA data within the families of 10 patients whose FDR were positive for AABs and/or had autoimmune diseases

Patient no. AABs

Autoimmune

disease

HLA

class I

A B

HLA

class II

DRB1

Families with FDR positive for AABs with or without autoimmune disease

5 Patient
�

SMA 1/160 AIH-1 1, 12 44, 44 DR7/DR14

5 Father SMA 1/40 No nd nd nd

20 Patient neg
��

AIH-2 1, 1 8, 8 DR3/DR3

20 Mother neg No 10, 19 16, 16 DR1/DR4

20 Sister-1 ANA 1/80 No 10, 19 8, 16 DR3/DR13

20 Sister-2 neg No 10, 19 8, 16 DR3/DR13

23 Patient ANA 1/160 ASC and colitis nd nd nd

23 Mother AND 1/40 Autoimmune thyroiditis nd nd nd

29 Patient Neg ASC 1, 1 8, 37 DR3/DR3

29 Mother ANA 1/40 No 1,1 8, 8 DR3/DR3

29 Father neg No 1, 3 7, 37 DR3/DR5

29 Brother neg No 1, 1 8, 37 DR3/DR3

29 Sister neg Celiac disease 1, 3 7, 8 DR3/DR5

Families with FDR negative for AABs but with autoimmune disease

3 Patient Neg AIH-1 nd nd DR3/DR15

3 Mother Neg Thyroiditis 2, 19 8, 18 DR3/DR15

3 Father Neg No 2, 3 27, 40 DR3/DR3

7 Patient ANA 1/20 AIH-1 2, 2 46, 46 DR5/DR5

7 Father Neg Rheumatoid arthritis 3, 29 7, 40 DR4/DR7

10 Patient ANA pos AIH-1 2, 32 51, 53 DR13/DR13

10 Mother Neg Thyroiditis and T1D 2, 9 5, 21 DR3/DR13

12 Patient
�

SMA 1/320 AIH-1 2, 2 18, 35 DR3/DR11

12 Mother Neg Thyroiditis 1, 24 44, 44 DR7/DR14

12 Father Neg No 1, 2 7, 18 DR5/DR7

16 Patient Neg AIH-2 2, 26 8, 51 DR3/DR4

16 Mother Neg T1D 2, 3 5, 7 DR4/DR15

16 Father Neg No 2, 3 7, 40 DR4/DR15

16 Brother Neg No 3, 10 7, 8 DR3/DR15

16 Sister Neg No 2, 3 nd DR4/DR15

25 Patient Neg ASC 1, 1 8, 8 DR3/DR3

25 Mother Neg No 1, 2 8, 14 DR3/DR3

25 Father Neg No 1, 3 8, 18 DR3/DR6

25 Brother Neg PSC 1, 1 8, 14 DR3/DR3

25 Sister Neg No nd nd DR3/?

AABs¼ autoantibodies; AIH¼ autoimmune hepatitis; ANA¼ anti-nuclear antibodies; ASC¼ autoimmune sclerosing cholangitis; nd¼ not done;
PSC¼ primary sclerosing cholangitis; SMA¼ anti-smooth muscle antibodies; T1D¼ type 1 diabetes mellitus.�

Patients studied before receiving treatment.��
d A

Wang et al JPGN � Volume 58, Number 4, April 2014
DISCUSSION

The high prevalence of autoimmune disorders in family
members of the patients with AIH or ASC, in contrast to the rare
familial clustering of liver autoimmune pathology, has prompted us
to perform this study, in which autoimmune serology associated
with juvenile autoimmune liver disease was investigated in the
patients and their FDR, and correlated with the presence of liver or
nonliver autoimmune disorders and HLA profiles.

Positivity for autoantibodies associated with juvenile AILD
was found in 4 (6.2%) of the patients’ FDR, 2 of whom had nonliver
autoimmune disorders (thyroiditis in a mother and celiac disease in
a sister), but in none of the healthy controls. The only antibodies
detected in FDR, nowever, were ANA and/or SMA, the least liver
specific of the autoantibodies present in AIH and ASC. No FDR was
positive for anti-LKM or anti-SLA, antibodies strongly associated

Positive for anti-liver kidney microsomal antibody type 1 (LKM-1) an
pyright 2014 by ESPGHAN and NASPGHAN. Un

with liver autoimmune disease, confirming their diagnostic speci-
ficity.

460
In primary biliary cirrhosis, an autoimmune disorder affect-
ing adults, the disease-specific anti-mitochondrial antibodies are
found in one-fifth of patients’ FDR (19) and predict the disease
several years before its clinical onset (20). In other autoimmune
disorders, such as diabetes and systemic lupus erythematosus, it is
the presence of multiple disease-associated autoantibodies that
heralds the onset of clinical disease. Only multiple autoantibodies
to islet cells (ICA), insulin, GAD65, IA-2, and IA-2b predict T1D in
relatives (21,22).

Nonliver autoimmune diseases were present in some 12% of
our patients’ FDR, although a family history of autoimmune
disorders, including second- and third-degree relatives, was present
in 50%, a frequency similar to the 40% previously reported in
juvenile AILD (10,23). In contrast, clustering of autoimmune liver
disease was found in only 1 of the families studied, confirming the
rarity of familial occurrence of juvenile autoimmune liver disease,

NA at diagnosis.
authorized reproduction of this article is prohibited.

only 5 family clusters of AIH or ASC having been reported to date
(9,24–27).
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TABLE 4. Frequencies (%) of HLA class I and II alleles in patients with AILD, their first-degree relatives and healthy subjects compared with an in-

house AILD reference group

HLA alleles

Allotypes

AILD reference

group n¼ 149 n, %

P value reference

group vs HS

AILD study

group n¼ 28 n, %

P value study

group vs HS

FDR

n¼ 45 n, %

P value

FDR vs HS

HS

n¼ 31 n, %

A�01 73 (49) 0.007 13 (46) 0.05 17/42 (41) 0.1 7 (23)

A�01/A�01 14 (9) NS 5 (18) 0.06 5/42 (12) NS 1 (3)

B�08 79 (53) 0.00018 13 (46) 0.01 17/41 (41) 0.02 5 (16)

B�08/B�08 14 (9) 0.086 4 (14) 0.03 2/41 (5) NS 0 (0)

DRB1�3 78 (52) 0.0025 19 (68) 0.0005 25 (56) 0.004 7 (23)

DRB1�3/B1�3 15 (10)
�

0.07 7 (25)y 0.004 4 (9) NS 0 (0)

DRB1�07 44 (30) NS 5 (18) NS 15 (33) NS 7 (23)

DRB1�13 34 (23) NS 4 (14) NS 5 (13) NS 4 (13)

DRB1�04, -�15 42 (28) NS 7 (25) NS 19 (42) NS 13 (42)

DRB1�02, -�05,

-�06, -�08, -�10

12 (8) 0.0009 1 (5) 0.009 0 (0) 0.0001 9 (29)

HLA haplotypes

A1-B8-DR3 47 (32) 0.08 12 (43)z 0.02 12 (27) NS 5 (16)

AILD¼ autoimmune liver disease; FDR¼first-degree relatives; HLA¼ human leukocyte antigen; HS¼ healthy subjects; NS¼ not significant.�
Significantly lower in the reference group than in the AILD study group, P¼ 0.03.
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The question arises why the occurrence of juvenile AILD is
rare within families, despite up to 50% of family members having
other autoimmune diseases, such as diabetes, thyroiditis, rheuma-
toid arthritis, and celiac disease. Analysis of FDR HLA data may
answer this question. Despite the relatively small number of sub-
jects tested, it is of interest that FDR, although possessing the
disease susceptibility alleles A1, B8, or DR3 at a frequency similar
to that of patients and higher than that of HS, had a lower frequency
of homozygosity for these genes than did patients. It has been
suggested that homozygous alleles have a gene dose effect on
disease occurrence and outcome (28–30). Indeed, the frequency
of homozygous alleles B8 and DR3 was higher in the patients with
AILD than in their FDR and HS. In addition, the frequency of the
haplotype A1-B8-DR3, which is known to be associated with the
development of autoimmunity (31), was lower in FDR than in the
patients. The juvenile AILD protecting genes DR4 and DR15
(32,33) are more frequent in FDR than in the patients. Although
this difference does not reach statistical significance, probably
because of the small number of subjects typed, this protective
HLA profile may partially explain the rarity of liver-centered
autoimmunity in the FDR of patients with AIH or ASC.

The pathogenesis of AIH and ASC is multifactorial, invol-
ving the engagement of effector mechanisms targeting liver auto-
antigens, probably triggered by an external agent (34,35). This
autoimmune attack is facilitated by impaired immunoregulatory
control (36,37). Our data confirm the importance of HLA genes in
the predisposition to juvenile AILD, but also stress the special role
of the HLA class II products encoded by DR3, because the presence
of autoimmune liver disease is strongly associated with homozyg-
osity for this allele. These results should be further confirmed in a
multicenter study including a larger number of the patients with
AILD and their families.

Acknowledgment: We thank Dr Maria Mytilinaiou for technical
assistance on anti-SLA and anti-LC1 antibodies testing.
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