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EVALUATION OF ANTINEUTROPHIL CYTOPLASMIC ANTIBODY
SEROCONVERSION INDUCED BY MINOCYCLINE, SULFASALAZINE,

OR PENICILLAMINE

HYON K. CHOI, MARJAN C. SLOT, GUOLI PAN, CHARYL A. WEISSBACH,
JOHN L. NILES, and PETER A. MERKEL

Objective. Case reports have suggested that mi-
nocycline, sulfasalazine, and penicillamine are associ-
ated with antineutrophil cytoplasmic antibody (ANCA)–
positive vasculitis. This study evaluated ANCA
seroconversion due to these agents in serum samples
prospectively collected in randomized, double-blind,
controlled trials.

Methods. The sources of study sera were 3 clinical
trials: 1) a 48-week trial of minocycline for early rheu-
matoid arthritis, with 64 patients receiving minocycline
compared with 68 receiving placebo; 2) a 37-week trial of
sulfasalazine for rheumatoid arthritis, with 51 receiving
sulfasalazine compared with 38 receiving placebo; and
3) a 104-week trial of penicillamine for early systemic
sclerosis, with 15 undergoing high-dose penicillamine
treatment versus 12 receiving low-dose penicillamine.
ANCA were measured in the baseline and study-end
serum samples by indirect immunofluorescence (IIF)
for perinuclear ANCA (pANCA) and cytoplasmic ANCA
(cANCA) patterns, and by antigen-specific enzyme-
linked immunosorbent assay (ELISA) for antibodies to
myeloperoxidase (anti-MPO) and proteinase 3 (anti-
PR3). Laboratory personnel were blinded to the group
identity of the samples. ANCA results were interpreted
using an ANCA scoring system that combines the re-
sults of IIF and ELISA testing.

Results. No patient in any of the active study drug
groups demonstrated ANCA seroconversion according

to the final interpretation of the combined IIF and
ELISA results. Twelve of the 248 patients (5%) were
positive for anti-MPO with pANCA at baseline. No
subject was positive for anti-PR3 with cANCA. There
were no findings suggestive of vasculitis in any of these
patients.

Conclusion. From our study results, there was no
suggestion of ANCA seroconversion induced by minocy-
cline, sulfasalazine, or penicillamine. However, these
findings do not rule out the possibility of rare, sporadic
cases of either ANCA seroconversion or true drug-
induced vasculitis with these drugs.

The triggers that induce antineutrophil cyto-
plasmic antibody (ANCA)–positive vasculitis (APV) are
largely unknown. However, there have been a number of
cases reported of APV associated with prior use of
certain medications. The 2 drugs that have been most
often implicated in the induction of APV are hydral-
azine and propylthiouracil (1–5). In addition, there have
been cases linked to other drugs, including minocycline,
sulfasalazine, and penicillamine (2,6–16). Drug-
associated APV can result in the same life-threatening
vasculitic features as observed in idiopathic cases (1).
Given the clinical severity of APV, even low rates of
drug-induced disease would have important medical
implications.

Seroconversion from ANCA negativity to ANCA
positivity may occur even in the absence of clinical
vasculitis in patients who are exposed to certain drugs.
This process would be similar to that seen with antinu-
clear antibody seroconversion and would suggest a par-
allel between the pathogenetic steps of drug-associated
lupus and vasculitis. ANCA seroconversion by drugs in
the absence of clinical vasculitis would, if a real phenom-
enon, be a cause of false-positive ANCA findings (i.e.,
nonvasculitis condition with drug-induced ANCA posi-
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tivity). Nevertheless, ANCA seroconversion might pro-
vide an important means of identifying patients at risk
for developing drug-induced APV. No published report
has addressed this important issue in a systematic way.

To evaluate ANCA seroconversion in patients
exposed to minocycline, sulfasalazine, or penicillamine,
we performed blinded ANCA testing of prospectively
collected, paired pre- and postexposure serum samples
from patients who were enrolled in therapeutic clinical
trials for rheumatic diseases.

PATIENTS AND METHODS

Clinical trials and study groups. Three double-blind,
randomized trials provided prospectively collected sera for
ANCA testing in our study: the Minocycline in Rheumatoid
Arthritis (MIRA) trial (17), the Cooperative Systematic Stud-
ies of the Rheumatic Diseases (CSSRD) comparative study of
sulfasalazine, injectable gold, and placebo (18), and a trial of
penicillamine for early systemic sclerosis (scleroderma trial)
(Table 1) (19). In the MIRA trial, patients with early rheuma-
toid arthritis (RA) received 200 mg of minocycline or placebo
daily for 48 weeks. We used sera from both MIRA groups for
this study. In the CSSRD trial, patients with RA received 2,000
mg of sulfasalazine, placebo, or gold sodium thiomalate daily
for 37 weeks. Sera from the first 2 groups were used for this
study. In the penicillamine trial, patients with early systemic
sclerosis received penicillamine at 750–1,000 mg (high dose) or
62.5 mg (low dose) daily for 2 years. We used the sera from
both of these groups.

Only sera that were paired, i.e., both a baseline (0

weeks) and a trial-end serum sample were available, were
tested for ANCA. Thus, 132 paired MIRA sera (from 64
patients receiving minocycline and 68 placebo), 89 paired
CSSRD sera (from 51 patients receiving sulfasalazine and 38
placebo), and 27 paired scleroderma trial sera (from 15
patients receiving high-dose penicillamine and 12 low-dose
penicillamine) were tested. The total number of study subjects
was 248 and total number of paired sera was 496 (Table 1).

Control groups and blinding. To ensure the quality of
ANCA testing in our laboratory, various groups of control sera
were also tested: samples from 15 patients with vasculitis that
tested positive for antimyeloperoxidase antibodies (anti-MPO)
and perinuclear ANCA (pANCA), samples from 15 patients
with vasculitis that tested positive for anti–proteinase 3 (anti-
PR3) and cytoplasmic ANCA (cANCA), and samples from 30
normal blood donors. All study sera were assigned new,
randomized identification numbers. To keep laboratory per-
sonnel blinded to the study group identity, samples were
realiquoted into identical tubes labeled only with study iden-
tification numbers. The group identification of the sera was
kept masked until all of the ANCA assay results were collected
for the final interpretation and the analysis was ready to begin.

ANCA assays by indirect immunofluorescence (IIF).
IIF tests were done with the use of ethanol-fixed neutrophils as
described elsewhere (20). The results of staining were classi-
fied as having 1 of 4 patterns: cANCA, pANCA, atypical
(neither cytoplasmic nor perinuclear), or negative. Given the
subjective nature of scoring of the results of IIF for ANCA, we
utilized a comprehensive interpretation system as described in
our previous work (20). Briefly, the interpretation was decided
by agreement of initial independent readings by 2 investigators
(MCS and JLN) or by resolution of their discrepancy by taking
the majority as final after obtaining a third investigator’s
(CAW) reading. IIF staining was repeatedly performed to
resolve discrepant readings. IIF and enzyme-linked immu-
nosorbent assay (ELISA) results were determined indepen-
dently.

ANCA assay by ELISA. Each sample was tested by
direct antigen-specific ELISAs that used highly purified anti-
gens to detect anti-MPO and anti-PR3 antibodies, as well as a
sandwich anti-PR3 ELISA. These ANCA assays have been
extensively characterized in prior reports from our laboratory
(20–23).

Final interpretation by combining IIF and ELISA
ANCA results. A final interpretation of ANCA testing was
determined by combining the IIF and ELISA results. Samples
were considered ANCA-positive when positive for both anti-
PR3 and cANCA or when positive for anti-MPO and pANCA
or atypical ANCA. Therefore, samples with IIF positivity
without respective ELISA positivity or those with ELISA
positivity without respective IIF positivity were interpreted as
negative in our final interpretation. This is consistent with our
previously published methods (20).

Statistical analysis. Comparisons between groups
were analyzed by Fisher’s exact test for categorical variables.
All tests used a 2-tailed significance level of 0.05. We derived
95% confidence intervals (95% CI) using exact methods for
proportions. Analysis was performed using the Stata software
package (Stata Corporation, College Station, TX).

Table 1. Source of study subjects and summary of drug exposures*

Source trial,
treatment arm

(dosage)

Duration of drug
exposure,

mean 6 SD
weeks (range)

Number of
subjects

(n 5 248)†

MIRA RA trial
Minocycline (200 mg/day) 51 6 7.1 (10–72) 64
Placebo 50 6 6.7 (6–56) 68

CSSRD RA trial
Sulfasalazine (2,000 mg/day) 31 6 11 (4–39) 51
Placebo 30 6 12 (2–49) 38

Scleroderma trial
High-dose penicillamine

(750–1,000 mg/day)
58 6 4 (51–69) 15

Low-dose penicillamine
(62.5 mg/day)

61 6 13 (50–100) 12

* MIRA 5 Minocycline in Rheumatoid Arthritis; RA 5 rheumatoid
arthritis; CSSRD 5 Cooperative Systematic Studies of the Rheumatic
Diseases.
† Total number of paired sera 5 496.
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RESULTS

Results of ANCA testing among all study groups
are summarized in Table 2.

ANCA seroconversion by final combined inter-
pretation. No patient in any of the active study drug
groups demonstrated ANCA seroconversion according
to the final combined interpretation. Serum from 1
patient receiving placebo in the minocycline trial con-
verted from ANCA negative to ANCA positive, with a
very low titer of anti-MPO and an atypical IIF ANCA
pattern. Twelve other patients were positive for ANCA
at baseline (by final combined interpretation), but 5 of
these were found to be anti-MPO negative at their
end-study time point. All 13 anti-MPO–positive patients
were positive for pANCA or showed an atypical ANCA
IIF pattern, with 2 of the patient serum samples chang-
ing their IIF pattern from atypical to pANCA and 2
changing from pANCA to atypical. No study patient was
positive for combined anti-PR3/cANCA at any time.

ANCA seroconversion by IIF alone. When the
results of ANCA testing by immunofluorescence were

analyzed separately from the ELISA data, seroconver-
sions were found only in those samples with atypical
ANCA. Nineteen of the 248 serum samples (8%) sero-
converted for atypical ANCA (3 receiving sulfasalazine,
2 high-dose penicillamine, 7 minocycline, 1 placebo in
the CSSRD trial, 6 placebo in the MIRA trial). No
patient in any group showed a seroconversion for the
pANCA or cANCA patterns by IIF alone.

ANCA seroconversion by ELISA alone. None of
the patient sera seroconverted for anti-MPO in the
absence of IIF positivity. One patient was anti-PR3
negative at baseline, but positive for anti-PR3 by sand-
wich ELISA alone at followup, representing a serocon-
version by ELISA only. One patient was positive for
anti-PR3 by anti-PR3 direct ELISA alone at baseline,
but negative at followup. Three additional patients were
anti-PR3 positive by anti-PR3 sandwich ELISA alone at
baseline, but negative at followup.

Disease classification of ANCA-positive patients
at baseline. RA trials. Among the patients in the 2 RA
source trials, 6 patients with early RA in the minocycline

Table 2. ANCA test results*

Study group,
time point n

ANCA method

Indirect immunofluorescence ELISA Final interpretation

cANCA pANCA
Atypical
ANCA

Direct
anti-PR3

Sandwich
anti-PR3

Anti-MPO
ELISA

Anti-
PR3

Anti-
MPO

MIRA RA trial
Minocycline

Start 64 0 (0) 2 (3.1) 26 (40.6) 0 (0) 0 (0) 3 (4.7) 0 (0) 3 (4.7)
End 64 0 (0) 0 (0) 25 (39.1) 0 (0) 0 (0) 2 (3.1) 0 (0) 2 (3.1)

Placebo
Start 68 0 (0) 1 (1.5) 35 (51.5) 0 (0) 1 (1.5) 3 (4.4) 0 (0) 3 (4.4)
End 68 0 (0) 1 (1.5) 29 (42.6) 0 (0) 1 (1.5) 2 (2.9) 0 (0) 2 (2.9)

CSSRD RA trial
Sulfasalazine

Start 51 0 (0) 2 (3.9) 23 (45.1) 0 (0) 1 (2.0) 4 (7.8) 0 (0) 4 (7.8)
End 51 0 (0) 3 (5.9) 19 (37.3) 0 (0) 0 (0) 3 (5.9) 0 (0) 3 (5.9)

Placebo
Start 38 0 (0) 3 (7.9) 18 (47.4) 0 (0) 1 (2.6) 1 (2.6) 0 (0) 1 (2.6)
End 38 0 (0) 2 (5.3) 19 (50.0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Scleroderma trial
High-dose penicillamine

Start 15 0 (0) 0 (0) 1 (6.7) 1 (6.7) 0 (0) 1 (6.7) 0 (0) 1 (6.7)
End 15 0 (0) 1 (6.7) 2 (13.3) 0 (0) 0 (0) 1 (6.7) 0 (0) 1 (6.7)

Low-dose penicillamine
Start 12 0 (0) 0 (0) 1 (8.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
End 12 0 (0) 0 (0) 1 (8.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Control groups
Normal blood donors 30 0 (0) 0 (0) 2 (6.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Anti-MPO1 vasculitis 15 0 (0) 11 (73.3) 3 (20.0) 0 (0) 0 (0) 14 (93.3) 0 (0) 14 (93.3)
Anti-PR31 vasculitis 15 14 (93.3) 0 (0) 1 (6.7) 13 (86.7) 15 (100) 0 (0) 15 (100) 0 (0)

* Note that conversion from negative to positive or positive to negative could occur over the course of the study for each ANCA test. Values are
the number (%) of antineutrophil cytoplasmic antibody (ANCA)–positive patients. ELISA 5 enzyme-linked immunosorbent assay; cANCA 5
cytoplasmic ANCA; pANCA 5 perinuclear ANCA; anti-MPO 5 antimyeloperoxidase antibodies; anti-PR3 5 anti–proteinase 3 antibodies (see
Table 1 for other definitions).
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study were positive for ANCA at baseline (3 in the
minocycline group and 3 in the placebo group), while 5
patients with RA in the CSSRD trial were positive for
ANCA at baseline (4 in the sulfasalazine group and 1 in
the placebo group). Of these 11 RA patients with ANCA
positivity at baseline, 7 had a borderline positive anti-
MPO ELISA titer and were positive for perinuclear or
atypical IIF at baseline. The remaining 4 had high
anti-MPO titers with perinuclear or atypical IIF patterns
at baseline. There were no clinical findings suggestive of
vasculitis beyond the features of RA (meeting the study
entry criteria of source trials) in any of these patients.
This false-positive ANCA testing rate (for the diagnosis
of vasculitis) among patients with RA (5.4%) was not
significantly different from our previous results (20).

Scleroderma trial. One patient in the high-dose
penicillamine group was ANCA positive at baseline.
This was the only patient in the study with a high titer of
ANCA. This patient had diffuse scleroderma with lung
and gastrointestinal involvement. He tolerated 1,000 mg
of penicillamine throughout the trial. The anti-MPO
ELISA titer rose from 78 to 2,061 units (normal ,2.8
ELISA units) after 14 months. No findings suggestive of
vasculitis were observed, even after 4 years of clinical
followup. The finding that only 1 of 27 patients with
scleroderma (3.7%) was positive for anti-MPO with
pANCA represented a rate that was also not signifi-
cantly different from our prior data (20).

Control groups. Of the 60 control sera (15 with
anti-PR3/cANCA, 15 with anti-MPO/pANCA, and 30
normal blood donors), 59 sera were correctly classified.
One sample from an anti-MPO/pANCA–positive pa-
tient was interpreted as ANCA negative by our com-
bined scoring method (false negative), whereas the other
14 samples were positive for anti-MPO/pANCA or
atypical ANCA. All anti-PR3/cANCA–positive samples
were confirmed positive, and all blood donor samples
were ANCA negative.

DISCUSSION

The current study evaluated potential ANCA
seroconversion by minocycline, sulfasalazine, and peni-
cillamine in prospectively collected sera from 3 major
clinical trials on rheumatic disorders. The results do not
support ANCA seroconversion induced by these 3 drugs.

Our ability to demonstrate drug-induced ANCA
seroconversion might have been affected by a number of
factors: 1) the dosages of the study medications, 2) the
duration of drug exposures, and 3) the potential fre-
quency of ANCA seroconversion. The dosages of med-

ications used in source trials were similar to those used
in previously published cases that implicated these drugs
as a cause of ANCA-positive vasculitis (6–11). The
duration of drug exposure was close to that reported in
the previously published cases associated with minocy-
cline (12 months versus 12–36 months) (6). However,
the duration was shorter than in the reported cases
associated with sulfasalazine (7 months versus 18–40
months) (7,8) or penicillamine (14 months versus 17–70
months) (9–11).

The lower bounds of the frequency of potential
seroconversion were limited in this study by the number
of paired sera available. Thus, this study does not rule
out ANCA seroconversion rates ,1.6% for minocycline
(95% CI 0–5.8%), ,1.7% for sulfasalazine (95% CI
0–7.2%), or ,3.7% for penicillamine (95% CI
0–13.7%). In order to further investigate the possibility
of rare ANCA seroconversion and drug-associated
APV, case–control studies may be more feasible than
prospective cohort studies; these would require large
sample sizes with long periods of followup to demon-
strate potential positive results.

There are several strengths in our study. By
testing ANCA in pre- and postexposure serum samples,
we were able to eliminate the potential false impression
of ANCA seroconversion that might be presumed by
administering the drugs to patients who were already
positive for ANCA at baseline. Among the reported
cases implicating minocycline, sulfasalazine, or penicil-
lamine in inducing ANCA-associated syndromes (6–11),
we are aware of only 1 case of APV associated with
penicillamine in which a negative anti-MPO ANCA
status was documented prior to drug initiation (9). Thus,
it remains possible that the remaining cases described in
the literature (6–11) could have had positive ANCA
titers before the respective drug therapy was started, as
demonstrated in our current study. In addition, the
blinding of laboratory personnel to sample group assign-
ment helped eliminate the potential bias involved in the
subjective nature of the interpretation of immunofluo-
rescence results (20). Another strength of our study is
the extensive clinical and research experience of our
ANCA testing laboratory (20,21).

Our combined ANCA testing system that utilizes
both ELISAs and IIF is highly specific (20,21) and
minimizes the potential false impression of ANCA sero-
conversion that could result from testing sera by IIF
alone. Although we differentiate atypical from perinu-
clear patterns, IIF readings are subjective, and other labo-
ratories may not read the slides the same way nor they
may not have the samples read by at least 2 qualified
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personnel. The apparent rate of seroconversion among
study subjects exposed to the test drugs would have been
as high as 5% if determined by IIF alone, rather than the
0% found with the more comprehensive combined IIF
and ELISA scoring method used.

In conclusion, our study results do not support
ANCA seroconversion by minocycline, sulfasalazine, or
penicillamine, which raises a possibility that previous
reports of retrospective cases could have been prema-
ture in claiming the causality between these drugs and
ANCA. However, these data do not rule out the possi-
bility of rare, sporadic cases of either ANCA serocon-
version or true drug-induced vasculitis with these drugs.

ACKNOWLEDGMENTS

The authors thank Dr. Barbara Tilley, her coinvestiga-
tors, and the National Institutes of Health for help in obtaining
the MIRA trial sera, Mr. Kevin Nechodom, Dr. Richard
Polisson, and Dr. James Williams and their coinvestigators for
providing access to the CSSRD sera, Ms Deborah McClusky,
Dr. James Seibold, and Dr. Philip Clements and their coinves-
tigators for providing the samples from the scleroderma pen-
icillamine trial, the Massachusetts General Hospital blood
bank personnel and donors for providing control sera, and Ms
Angela Pizzo for her excellent study coordination.

REFERENCES

1. Choi HK, Merkel PA, Walker AM, Niles JL. Drug-associated
antineutrophil cytoplasmic antibody–positive vasculitis: prevalence
among patients with high titers of antimyeloperoxidase antibodies.
Arthritis Rheum 2000;43:405–13.

2. Merkel PA. Drugs associated with vasculitis. Curr Opin Rheuma-
tol 1998;10:45–50.

3. Short AK, Lockwood CM. Antigen specificity in hydralazine
associated ANCA positive systemic vasculitis. QJM 1995;88:775–
83.

4. Choi HK, Merkel PA, Cohen Tervaert JW, Black RM, McCluskey
RT, Niles JL. Alternating antineutrophil cytoplasmic antibody
specificity: drug-induced vasculitis in a patient with Wegener’s
granulomatosis. Arthritis Rheum 1999;42:384–8.

5. Dolman KM, Gans RO, Vervaat TJ, Zevenbergen G, Maingay D,
Nikkels RE, et al. Vasculitis and antineutrophil cytoplasmic auto-
antibodies associated with propylthiouracil therapy. Lancet 1993;
342:651–2.

6. Elkayam O, Yaron M, Caspi D. Minocycline induced arthritis
associated with fever, livedo reticularis, and pANCA. Ann Rheum
Dis 1996;55:769–71.

7. Caulier M, Dromer C, Andrieu V, Le Guennec P, Fournie B.

Sulfasalazine induced lupus in rheumatoid arthritis. J Rheumatol
1994;21:750–1.

8. Salerno SM, Ormseth EJ, Roth BJ, Meyer CA, Christensen ED,
Dillard TA. Sulfasalazine pulmonary toxicity in ulcerative colitis
mimicking clinical features of Wegener’s granulomatosis. Chest
1996;110:556–9.

9. Locke IC, Worrall JG, Leaker B, Black CM, Cambridge G.
Autoantibodies to myeloperoxidase in systemic sclerosis. J Rheu-
matol 1997;24:86–9.

10. Mathieson PW, Peat DS, Short A, Watts RA. Coexistent mem-
branous nephropathy and ANCA-positive crescentic glomerulone-
phritis in association with penicillamine. Nephrol Dial Transplant
1996;11:863–6.

11. Gaskin G, Thompson EM, Pusey CD. Goodpasture-like syndrome
associated with anti-myeloperoxidase antibodies following penicil-
lamine treatment. Nephrol Dial Transplant 1995;10:1925–8.

12. Choi HK, Merkel PA, Niles JL. ANCA-positive vasculitis associ-
ated with allopurinol therapy. Clin Exp Rheumatol 1998;16:743–4.

13. Kawachi Y, Nukaga H, Hoshino M, Iwata M, Otsuka F. ANCA-
associated vasculitis and lupus-like syndrome caused by methima-
zole. Clin Exp Dermatol 1995;20:345–7.

14. Jaunkalns R, Shear NH, Sokoluk B, Gardner D, Claas F, Uetrecht
JP. Antimyeloperoxidase antibodies and adverse reactions to
clozapine. Lancet 1992;339:1611–2.

15. Parry RG, Gordon P, Mason JC, Marley NJ. Phenytoin-associated
vasculitis and ANCA positivity: a case report. Nephrol Dial
Transplant 1996;11:357–9.

16. Shih DJ, Korbet SM, Rydel JJ, Schwartz MM. Renal vasculitis
associated with ciprofloxacin. Am J Kidney Dis 1995;26:516–9.

17. Tilley BC, Alarcon GS, Heyse SP, Trentham DE, Neuner R,
Kaplan DA, et al. Minocycline in rheumatoid arthritis: a 48-week,
double-blind, placebo-controlled trial. MIRA Trial Group. Ann
Intern Med 1995;122:81–9.

18. Williams HJ, Ward JR, Dahl SL, Clegg DO, Willkens RF, Oglesby
T, et al. A controlled trial comparing sulfasalazine, gold sodium
thiomalate, and placebo in rheumatoid arthritis. Arthritis Rheum
1988;31:702–13.

19. Clements PJ, Furst DE, Wong W-K, Mayes M, White B, Wigley F,
et al. High-dose versus low-dose D-penicillamine in early diffuse
systemic sclerosis: analysis of a two-year, double-blind, random-
ized, controlled clinical trial. Arthritis Rheum 1999;42:1194–203.

20. Merkel PA, Polisson RP, Chang Y, Skates SJ, Niles JL. Prevalence
of antineutrophil cytoplasmic antibodies in a large inception
cohort of patients with connective tissue disease. Ann Intern Med
1997;126:866–73.

21. Niles JL, Pan GL, Collins AB, Shannon T, Skates S, Fienberg R,
et al. Antigen-specific radioimmunoassays for anti-neutrophil cyto-
plasmic antibodies in the diagnosis of rapidly progressive glomer-
ulonephritis. J Am Soc Nephrol 1991;2:27–36.

22. Fienberg R, Mark EJ, Goodman M, McCluskey RT, Niles JL.
Correlation of antineutrophil cytoplasmic antibodies with the
extrarenal histopathology of Wegener’s (pathergic) granulomato-
sis and related forms of vasculitis. Hum Pathol 1993;24:160–8.

23. Hellmark T, Niles JL, Collins AB, McCluskey RT, Brunmark C.
Comparison of anti-GBM antibodies in sera with or without
ANCA. J Am Soc Nephrol 1997;8:376–85.

2492 CHOI ET AL


