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Abstract

Immune thrombocytopenia (ITP) is a disease process that
is characterized by anti-platelet autoantibody production
and enhanced platelet destruction. Mechanisms implicat-
ed in the pathogenesis of ITP include direct damage by
cytotoxicT cells, inadequate thrombopoiesis, phagocyto-
sis mediated by autoantibodies and/or complement, an
imbalance between effector and regulatory T cells, and
communication betweenT and B cells. The clinical cases
presented here describe patients with underlying auto-
immune conditions who presented with severe throm-
bocytopenia. Each patient received standard therapies
for ITP including glucocorticoids, intravenous immuno-
globulin (IVIG), rituximab, and thrombopoietin receptor
agonists with no response. Inadequate responses to all of
these therapies do occur, and we propose an alternative
mechanism of platelet rescue from peripheral destruc-
tion. These patients were deemed to have refractory ITP,
and we demonstrate that C1 esterase inhibitor (C1INH)
therapy was well tolerated and resulted in platelet count
improvement within hours after administration. These
findings support the relationship between autoantibody
production, complement activation, immune dysregula-
tion, and ultimately, platelet destruction in ITP.
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Introduction

Immune thrombocytopenia (ITP) is an acquired thrombocy-
topenia due to autoantibody-mediated destruction of platelets
and impaired platelet production.! The major autoantibodies
implicated in this disease process are directed against platelet
membrane glycoproteins, including GPIIb/Illa and GPIb/
IX. The presence of these antibodies has been shown to be
related to disease activity.”> Multiple therapies targeting anti-
body production, the reticuloendothelial system, and platelet
production are used to treat ITP, including glucocorticoids,

intravenous immunoglobulin (IVIG), rituximab, splenectomy,
RhO(D) immune globulin, and thrombopoietin receptor ago-
nists. The response to therapy is heterogeneous, supporting the
concept that multiple mechanisms are ultimately responsible
for thrombocytopenia. Most patients will be treated sequential-
ly with firstline, second-line, and third-line approaches until a
safe platelet count is achieved.*’

The mechanisms involved in autoantibody-mediated throm-
bocytopenia may involve Fe-mediated phagocytosis, C3b-medi-
ated phagocytosis, complement-induced lysis, impaired platelet
production, and T-cell cytotoxicity.*” A pathogenic loop model
for the ongoing production of anti-platelet autoantibodies in
ITP has been proposed.® In this model, opsonized platelets
are taken up by macrophages in the reticuloendothelial system
and present platelet glycoprotein-derived peptides to T cells,
which, upon recognition of these peptides, stimulate B cells
to make IgG anti-platelet antibodies that bind to circulating
platelets, and the cycle continues. It has been shown that ITP
patients have increased levels of circulating B cells producing
anti-GPIIb/IIla antibodies.’

The complement system is a cascade of proteins involved in
innate immune defense and homeostasis.'®!' In the presence
of autoantibodies against platelet antigens, complement is ac-
tivated via the classical pathway and deposited on the platelet
membrane.!? The presence of antibody and complement on the
platelet surface leads to phagocytic uptake in the reticuloen-
dothelial system of the liver and spleen. Additionally, direct
damage by C5b-9 (the membrane attack complex) formation
on platelet membranes is also thought to contribute to throm-
bocytopenia in ITP.?

C1 esterase inhibitor (C1INH) is a member of the serine pro-
tease inhibitor family and interacts with C1 esterase to block
activation of the classical pathway of complement."* The classical
indication for CI1INH is hereditary angioedema, and the thera-
peutic effect of C1INH has been shown in other states of inflam-
mation including, sepsis and ischemia-reperfusion.'>!®

Case reports have demonstrated that CIINH can prevent
C3-mediated lysis of paroxysmal nocturnal hemoglobinuria
(PNH) erythrocytes' and attenuate hemolysis in a patient with
direct antiglobulin test (DAT) C3d positive autoimmune hemo-
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Iytic anemia.”® A recent study by Peerschke et al,'” which included
55 patients with chronic ITP, demonstrated inhibition of the
classical pathway of complement in vitro with application of a
novel Cls inhibitor (TNT003). Based on these data, we hypoth-
esized 1) complement activation/deposition may play an import-
ant role in persistent thrombocytopenia in refractory ITP, and
2) blockade of the classical pathway with CIINH may lead to
prolonged platelet survival.

Cases

Case 1: A 62-year old woman with a history of Sjogren’s syn-
drome and systemic lupus erythematosus (SLE), presented with a
platelet count of O (reference range 150,000-450,000) and mild
gingival bleeding. Additional labs showed WBC 4000 (4500-
11,000), Hgb 9.4 ¢/dl (12-16 g/dl) (stable from 2 years prior),
creatinine 0.76 mg/dl (0.6-1.3 mg/dl), normal liver function
tests, LDH 209 U/L (90-190 U/L), and haptoglobin 213 mg/
dl (26-185 mg/dl). Laboratory results from 30 days prior to ad-
mission revealed a platelet count of 160,000. The diagnosis of
ITP was suspected, and treatment with methylprednisolone and
IVIG was initiated.

After 2 days of steroids and IVIG, the platelet count remained
below 10,000. Bone marrow biopsy was performed that showed
trilineage hematopoiesis, including mild megakaryocytic hyper-
plasia, focal patchy areas of fibrosis, but no evidence of increased
blasts. Rituximab was started on hospital day 6. The platelet
count did not show any improvement over the next few days
(2000-3000), so the dose of steroids was increased, and romi-
plostim (thrombopoietin receptor agonist) was administered on
hospital day 9. The patient continued to receive weekly ritux-
imab, steroids, and an additional dose of romiplostim without
significant improvement in the platelet count. She was noted to
transiently have a positive DAT C3 on hospital day 2. The C1 es-
terase inhibitor (Berinert) 20 units/kg was administered intrave-
nously on hospital day 23, and the platelet count increased from
2000 to 12,000 in 6 hours. The patient received two additional
doses of C1INH on hospital days 24 and 29. She was discharged
on hospital day 30 with a platelet count of 38,000. The platelet
count trended up to 105,000 by day 35 and 217,000 one month
later and remains normal 20 months post treatment, with no
additional intervention.

Case 2: A 47-year old woman with a history of Sjogren’s syn-
drome and Raynaud’s syndrome, presented with a one week
history of petechiae, ecchymoses, and a platelet count of 2000.
Other labs included WBC 3000, Hgb 12.3 g/dl, creatinine 0.45
mg/dl, LDH 260 U/L, and haptoglobin <8 mg/dl. The diagno-
sis of ITP was suspected and prednisone 1 mg/kg was started.
As the platelet count remained low (<3000), IVIG was begun
on hospital day 4 and was continued for 2 days (total dose 2 g/
kg). A rise in platelet count to 90000 was seen on hospital day 7;
however, it trended back down to <10,000 on day 11. Bone mar-
row biopsy was performed that showed normal trilineage hema-

topoiesis with scattered megakaryocytes. Rituximab was initiated
on hospital day 12 and was administered weekly for 4 doses. She
also received two doses of romiplostim (day 12 and 17), contin-
ued on steroids, and was discharged on hospital day 18 with a
platelet count of 51,000. Steroids were tapered off (by day after
discharge) and the platelet count had risen to 185,000 on day 29.

One week later (day 36 after initial presentation, 3 days after
last rituximab), the patient was re-admitted to the hospital with a
platelet count of 0. Prednisone 1 mg/kg was restarted, one dose
each of IVIG (1 g/kg) and romiplostim were given, and C1INH
20 units/kg was administered on day 37. The platelet count in-
creased from 4000 to 8000 at 8 hours post CIINH. The patient
received 2 additional doses of C1INH on day 38 and 39. She
was discharged on day 40 with a platelet count of 25,000, which
increased first to 122,000, then 469,000 1 week later.

Discussion

These cases clinically illustrate a potential thoughtprovoking
relationship between platelet destruction and autoantibody pro-
duction, complement, and the immune system in the pathogen-
esis of ITP. The exact mechanism of autoimmunity that triggers
ITP remains unclear, but has been shown to involve an imbal-
ance between effector and regulatory T cells.? Studies in animal
models have shown that mice deficient in Tregs exhibit elevated
levels of IgG antibodies capable of platelet binding, thus suggest-
ing crosstalk between Tregs and B cells producing IgG anti-plate-
let autoantibodies.?*? Additionally, dysfunction of B regulatory
cells (Bregs) in ITP appears to lead to cytokine production, differ-
entiation of Tregs, and reduced function of CD4+ T cells.?® This
interplay between T and B cells likely plays an integral role in the
development of ITP.

In a significant portion of ITP patients, platelet autoantibod-
ies have demonstrated the capability of activating the classical
pathway of complement. In vitro complement fixation assays
have shown that serum obtained from 50% of patients with ITP
is able to fix complement to the platelet surface.” The activa-
tion of complement in these cases tends to follow the classical
pathway, and autoantibodies to platelet surface antigens GPIIb/
Illa and/or GPIb/IX are major target antigens.>* We suspect
that complement fixation/activation plays an important role in
platelet destruction in ITP. Proposed mechanisms include C3b
deposition on the platelet surface leading to opsonization, direct
damage to platelet membrane by C5b-9, and/or a role for com-
plement in the imbalance in T-cell regulator/effector activity.

We suspect a potential biphasic response to C1INH therapy.
We hypothesize immediate inhibition of the classical pathway
and subsequent decrease of C3b deposition on platelet surface,
C3b-mediated phagocytosis, and/or C5b-9-mediated membrane
damage may be responsible for the acute rise in platelet count,
while a reset of T cell regulatory/effector function via comple-
ment blockade may account for the longevity of platelet count
increase and normalization seen in our patients. We also suspect
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FIGURE 1B.
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modulation of signaling between T and B cells, affecting ongoing
antibody production. The chronic disease course for some ITP
patients may be due to underlying infections, stress events, or
polymorphisms that contribute to persistent activation of com-
plement and the immune system.

Conclusion

In our patients, the commercially available C1INH, Berinert,
was well tolerated and platelet count improvement was noted
almost immediately after administration and has appeared to be
sustained. A better understanding of the underlying mechanisms
of platelet destruction in ITP may help to better define the dis-
ease and individualize therapy for patients who do not appro-
priately respond to standard therapies. Future studies evaluating
treatments that target inhibition of the complement pathway
may be an effective alternative or adjunctive therapy for refracto-
ry immune thrombocytopenia.
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