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Abstract

Introduction—About 20% of subjects with common variable immune deficiency (CVID) develop
an autoimmune complication, most often immune thrombocytopenia or hemolytic anemia. While
the pathogenesis of autoreactivity is unknown for CVID subjects in general, and to a greater extent
in those with autoimmunity, there is a loss of switched memory B cells.

Discussion—About 7-8% of CVID subjects have mutations in the transmembrane activator and
calcium-modulating cyclophilin ligand interactor (TACI), a significant association with this immune
defect, although the same mutations may be found in normal relatives and rarely in healthy blood
donors. In addition to generalized B cell dysfunction, defective elimination of autoimmune B cells
has been demonstrated.
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Autoimmunity in CVID

About 20% of patients with common variable immune deficiency (CVID) have autoimmune
complications which are both poorly understood and, in many cases, difficult to manage on
the clinical level [1]. The pathogenesis of autoimmunity in CVID has always been unclear; it
remains one of the more remarkable facets of this immune defect that autoantibodies may be
produced against internal tissues, whereas at the same time, few, if any, 1gG antibodies can be
detected in the serum after vaccination with common vaccines such as pneumococcal antigens,
tetanus, or diphtheria toxoids.

In a group of 248 US subjects, autoimmunity was documented for 59 subjects who had a total
of 65 conditions (22%) [2]. In a multicenter prospective European study of a cohort of 224
Italian patients with CVID, 39 had autoimmunity at the time of diagnosis of CVID and 58 had
autoimmunity during the follow-up period of 11 years [3]. Whereas many forms of
autoimmunity have been noted, including rheumatoid arthritis, juvenile rheumatoid arthritis,
pernicious anemia, thyroiditis, alopecia, primary biliary cirrhosis, vitiligo systemic lupus
erythematosus, all series agree that of the autoimmune conditions, the commonest are
antibodies to hematologic tissues, especially immune thrombocytopenia purpura and
autoimmune hemolytic anemia (AIHA) (or both, Evans syndrome) [2,4,5]. Autoimmune
neutropenia is less commonly found. The age at diagnosis of autoimmunity is quite variable
and may precede or follow the diagnosis of immune deficiency (Table I) [4,6]. In all series of
CVID subjects, a notable factor is that isolated autoimmunity may be the presenting ailment
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with no evidence of other complications such as infections, so characteristic of immune
deficiency.

Granulomatous Disease, Autoimmunity, and Memory B Cell Phenotype

Whereas there are many questions about the pathogenesis of autoimmunity, one of the
emerging hallmarks of this complication is the general depletion of switched memory B cells
in those in whom this complication develops. Brouet et al. [7] were the first to recognize the
potential lack of B cells bearing CD27 in CVID, and this was amplified by Agematsu and Ochs
[8]. Subsequently, the lack of switched memory B cells (B cells of the CD27%, IgM-IgD—
phenotype) were characteristic of a large proportion of subjects with CVID, and that there
relative lack of these cells could be used to divide patients into two clinically and
immunologically different groups [3,9,10]. The lack of switched memory B cells was also
found related to a lack of antibody production to pneumococcal vaccine, and interestingly, in
these and other studies, also to the presence of autoimmune disease [11,12]. These data imply
that the general immaturity of B cells, as highlighted by the lack of capacity for isotype
switching in this segment of the CVID population, is a key element behind the retention of
autoimmune clones.

Another closely related observation is that autoimmunity in CVID is likely to occur in subjects
in whom granulomatous infiltrations in the lungs, nodes, or other organs have been
documented. Although the actual incidence is unknown, as tissues are not biopsied unless an
obvious clinical necessity exists, granuloma have been documented in about 7.5% to 10% of
subjects with CVID [5,13,14]. Fasano et al. [13] showed that 7 of 30 patients (23%) with
granulomatous disease had autoimmunity: 5 had hemolytic anemia, 1 had pernicious anemia,
and 1 had primary biliary cirrhosis. Mechanic et al. [14] also showed that 9 of 17 CVID patients
(53%) with granulomas had autoimmunity: 5 had ITP, 3 had AIHA, 1 had RA, and 1 had
primary biliary cirrhosis. Perhaps because of the close relationship between these clinical
outcomes, it might not be surprising that CVID subjects with granulomata are likely to have
very few switched memory B cells [9-11].

Autoimmunity and Mutations in TACI

Mutations in the gene encoding the transmembrane activator and calcium-modulating
cyclophilin ligand interactor (TACI) have been identified in 7-10% of CVID subjects [15,
16]. TACI is expressed on mature B cells and activation leads to T cell-dependent and -
independent responses and isotype switch; however, TACI signaling also exerts an inhibitory
effect as knockout mice have B cell hyperplasia, increased immune globulin (Ig) production,
autoimmunity, splenomegaly, and B cell lymphomas. However, mutations in TACI are found
both in normal volunteers [17,18] and nonimmune-deficient family members of CVID patients,
thus the association of TACI with immune deficiency is not currently well understood.
However, CVID subjects with mutations in TACI display more autoimmunity than subjects
without this molecular finding. For example, of 199 subjects with CVID, 14 had TACI
mutations, 7.0%; all were heterozygous and 3 were compound heterozygotes [19]. Six (46%)
of the subjects with mutations had significant splenomegaly and one or more episodes of
immune thrombocytopenia (ITP); four had undergone splenectomy (31%). Other autoimmune/
inflammatory conditions included AIHA, granulomatous disease, juvenile rheumatoid
arthritis, uveitis, and psoriasis. For 163 CVID subjects in the same group without mutations in
TACI, 20 had a history of ITP, 17 had splenomegaly, 8 had splenectomy, and 6 had AIHA.
Comparing CVID subjects with and without mutations, these differences were significant: ITP,
p=0.012; splenomegaly, p=0.012; and splenectomy, p=0.001 [19]. Whereas autoimmunity and
granulomatous disease share a similar peripheral B cell phenotype (a relative lack of switched
memory B cells), the memory B cell phenotype in subjects with TACI mutations is quite
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heterogeneous, ranging from subjects with very few circulating B cells to subjects with an
almost normal peripheral B cell phenotype.

Pathogenesis of Autoimmunity

Previous work has shown that a lack of B cell receptor signaling results in aborted B cell
development, leading to X-linked or autosomal forms of agammaglobulinemia [20]. However,
the few remaining B cells in these subjects can be analyzed by single-cell clonal analysis; the
Vh regions of these cells are commonly autoreactive; 62% and 56% of clones of single cells
of two XLA subjects compared to 31% for clones of controls had Vh regions with self-
reactivity. Other self-reactive antibodies (DNA, insulin) were found for 50% and 37.8% of
XLA clones of these individuals, as opposed to 8.2% of control clones. Not only does impaired
signaling via the B cell receptor result in the capacity for autoimmunity; subjects with XL-
hyper-IgM also had increased numbers of self-reactive clones in circulating mature naive B
cells and clones expressing a positive ANA. A similar but somewhat different phenotype was
found for a child with bare lymphocyte syndrome, as the naive B cell population contained
increased ANA positive clones but not polyreactive clones [21]. Thus, removal of autoimmune
B cells involves not only sufficient and normal B cell receptor signaling, but also T cell
colligation events involving CD40L, CD40, and MHC. These and additional factors may also
be important when considering the elimination of autoimmune clones in CVID; ineffective B
cell receptor signaling or other abnormal ligand interactions may abrogate the removal of
autoimmune B cells. B cell immaturity is present, and CD40L expression is known to be
reduced in CVID [22]. For some systemic autoimmune diseases, excess levels of serum BAFF
or April are viewed as leading to or accelerating ongoing autoimmunity. Although the reasons
are unclear, we have found that the serum of subjects with or without autoimmunity have high
levels of both BAFF and APRIL [23], suggesting that any autoimmune clones that are present
in this immune deficiency are permitted a potential growth advantage.

Treatment of Autoimmunity

In most cases, the treatment of autoimmunity in CVID is the same as for immune competent
subjects [4,6] with the caveat that when immune suppression is used, lower doses and shorter
periods of treatment are advisable, as opportunistic and or fatal complication infections become
more likely with prolonged or excessive treatment (Table I). For ITP and AIHA, increased
doses of immune globulin may be helpful. In fact, intravenous immune globulin used in
standard doses may be prophylactic against these two complications, as in a study of 326
subjects, for the 35 subjects who had had either ITP or AIHA, 19 (54%) had the first episode
of thrombocytopenia or hemolytic anemia before the diagnosis of CVID, 11 others (32%) were
diagnosed concurrently. As only 5 (14%) developed one or both of these complications after
the diagnosis of CVID and institution of maintenance 1V1g, most episodes occurred for subjects
not yet on this therapy (p<0.0001) [4]. The use of rituxan, an anti-CD20 monoclonal antibody,
has more recently been used with success to treat ITP and AIHA in nonimmune-deficient
subjects [24,25] and ITP in CVID [26] and will most likely prove a very useful therapy for
more refractory episodes.
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