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To the Editor
Rituximab is a chimeric mouse-human IgG1 monoclonal antibody that targets CD20, a
transmembrane protein expressed on B cells. It has demonstrated success in two prospective
case series in pemphigus (1;2), a potentially fatal blistering disease caused by autoantibodies
to desmoglein skin adhesion proteins. The production of human anti-chimeric antibodies
(HACA) to the murine fragments of rituximab has previously been described in pemphigus
and other autoimmune disease patients (3–7), although a direct functional effect of these
HACA has not been reported. Here we describe a pemphigus patient treated with rituximab
who developed inhibitory IgG HACA associated with infusion reactions and lack of
therapeutic response (i.e. complete or partial remission of disease) (8).

The index patient is an African-American woman who developed severe mucosal
pemphigus vulgaris in 1987 at the age of 21. She failed prior therapy with prednisone, gold,
cyclosporine, cyclophosphamide, azathioprine, and mycophenolate mofetil. On evaluation
she had severe painful erosions on the gingiva, palate, buccal mucosa, tongue, and posterior
pharynx. Due to refractory severe disease, she received her first course of rituximab (375
mg/m2 weekly x 4) in January 2007. Her disease improved but did not remit, with persistent
mild gingival erosions. She began a second course of rituximab using the rheumatoid
arthritis regimen, receiving a 1000 mg dose in July 2009. She failed to receive the second
dose because of hospitalization for syncope. Workup revealed iron-deficiency anemia, and
the patient gradually improved with oral iron supplementation. She returned in March 2010
with widespread erosions on the buccal mucosa and gingiva, at which time rituximab was
re-initiated. The patient experienced an infusion reaction 2.5 hours into the second infusion
(cumulative dose 450 mg), with itching of the hands and feet, followed by tongue and throat
swelling. Vital signs and pulse oximetry were normal. Symptoms abated after treatment with
intravenous hydrocortisone and diphenhydramine. 75 minutes after restarting the infusion
(cumulative dose 900 mg), the patient experienced chest tightness, flushing, and diaphoresis.
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Pulse was 107; other vital signs and pulse oximetry were normal. Electrocardiogram
demonstrated sinus tachycardia with T-wave inversion in anterior leads. The infusion was
stopped, and her symptoms resolved without treatment within 30 minutes.

The patient’s disease improved slightly after the course, with resolution of buccal mucosal
erosions but persistence of severe gingival erosions. She was retreated with rituximab in
December 2010 but did not demonstrate a therapeutic response. 30 minutes into the second
infusion (cumulative dose 250 mg), she reported flushing and throat swelling; vital signs and
pulse oximetry were normal. She was treated with intravenous hydrocortisone, and the
infusion was restarted at a slower rate. 90 minutes later (cumulative dose 550 mg), she
experienced itching of the hands and feet that responded to treatment with hydrocortisone,
diphenhydramine, and ranitidine, allowing for completion of the infusion.

Given the patient’s course (summarized in Table 1), we hypothesized that the patient may
have HACA. Using institutional review board approved protocols, the patient’s serum
samples were obtained retrospectively from the clinical laboratory that had performed
ELISA to measure desmoglein 3 autoantibody levels (Table 1). One sample was not
available. We first used crisscross serial dilution analysis to optimize a competitive
sandwich ELISA to quantitate serum HACA. Unlabeled rituximab (5 μg/mL) was coated on
ELISA plates. HRP-labeled rituximab (62.5 ng/mL) and serial dilutions of rat anti-rituximab
monoclonal antibody (as a surrogate standard, AbD Serotec) were incubated on rituximab-
coated plates simultaneously, followed by development with tetramethylbenzidine substrate.
Concurrently, dilutions of patient sera were tested to quantitate serum HACA based on the
standard curve. The patient’s serum demonstrated 109 ng/mL HACA in July 2010 and 6748
ng/mL HACA in February 2011 (Table 1). No reaction was observed when human myeloma
IgG1 was used as the coating antigen.

To determine the isotype of rituximab HACA and rule out rheumatoid factor
(immunoglobulins against IgG Fc), we tested an indirect ELISA using Fab’ fragments of
rituximab (5 μg/mL) as the coating antigen on ELISA plates. 49 normal human sera, diluted
1:25 and detected with HRP-labeled anti-human IgG Fc, were used to establish a cut-off
value at 3 standard deviations above the mean optical density value. The patient’s serum was
positive when detected with anti-human IgG; no reaction was observed when detected with
anti-human IgE or secondary antibody alone.

We next determined whether HACA could prevent the binding of rituximab to B cells.
Peripheral blood mononuclear cells (PBMCs), obtained by Ficoll gradient centrifugation of
whole blood from healthy donors, were incubated for one hour at 4°C with biotinylated
rituximab (1 μg/mL) that had been pre-incubated with rat anti-rituximab (2 μg/mL), HACA-
negative patient serum prior to rituximab therapy (diluted 1:20), or HACA-positive patient
serum after rituximab therapy (diluted 1:20), followed by staining with FITC-streptavidin
plus Alexa Fluor 647 mouse anti-human CD19 to identify B cells. A FACSCalibur flow
cytometer with CellQuest software was used for data acquisition, and FlowJo software was
used for data analysis. Incubation of PBMCs with biotinylated rituximab but not biotinylated
human IgG1 isotype control showed congruent labeling of the rituximab (CD20+) and
CD19+ B cell population (Figure 1B,C). Pre-incubation of rituximab with rat anti-rituximab
blocked rituximab binding to B cells (Figure 1D). Pre-incubation of rituximab with the
HACA-high positive patient serum, but not HACA-negative patient serum, similarly
abolished rituximab labeling of B cells (Figure 1E,F). No significant inhibition of rituximab
labeling was observed with the HACA-low positive patient serum.

Previous studies of rituximab in autoimmune disease patients have described a correlation
between HACA and incomplete B cell depletion in systemic lupus erythematosus (3;4),
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serum sickness-like reactions in Sjogren’s syndrome and immune thrombocytopenic purpura
(5;6), and partial clinical response in pemphigus (7). To our knowledge this is the first
demonstration of a direct pathologic role for rituximab HACA in blocking the binding of
rituximab to B cells. The appearance of HACA coincided with the development of infusion
reactions and a lack of therapeutic response. B cell counts were not available for this patient,
as monitoring of B cell depletion is not routinely performed in pemphigus patients after
rituximab therapy. It is possible that incomplete B cell depletion due to an incomplete
rituximab course in 2009 could have contributed to the development of HACA. Prior studies
have also associated clinical response to rituximab with Fc-gamma receptor polymorphisms
(9). The Fc-gamma receptor genotypes of this patient are unknown; therefore we cannot rule
out additional factors that may have contributed to HACA development. Interestingly, the
patient only experienced infusion reactions during the second administration of drug in each
of her third and fourth courses, suggesting that perhaps the first infusion may have boosted
HACA production.

In conclusion, we report the development of inhibitory IgG HACA in a pemphigus patient
who did not achieve disease remission after rituximab therapy. Currently there are no
commercially available assays to measure rituximab HACA. Future studies should
prospectively monitor B cell depletion and HACA levels in autoimmune disease patients
treated with rituximab to better define who may develop HACA and the functional
consequences of HACA development.
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Figure 1. HACA-positive PV serum blocks the binding of RTX to B cells
Flow cytometry analysis of PBMCs incubated with biotinylated human IgG1 isotype control
(B), biotinylated rituximab (biotin-RTX) (C), biotin-RTX + rat anti-RTX (D), biotin-RTX +
HACA-negative PV serum prior to RTX therapy (E), and biotin-RTX + HACA-positive PV
serum after RTX therapy (F). Samples were unstained (A), or stained with FITC-
streptavidin and Alexa Fluor (AF) 647 anti-human CD19.
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