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SUMMARY

 

In recent years, a pathophysiological role for T cells in immune thrombocytopenia (ITP) has been estab-
lished. We applied cDNA size distribution analysis of the T cell receptor (TCR) 

 

b

 

-variable (VB) com-
plementarity-determining region 3 (CDR3) in order to investigate T cell repertoire diversity among
immune thrombocytopenia patients who had either responded or not responded to splenectomy, and
compared them to normal controls. ITP patients who had had a durable platelet response to splenec-
tomy showed a mean 2·8 

 

±

 

 2·1 abnormal CDR3 size patterns per patient, similar to healthy volunteers
(2·9 

 

±

 

 2·0 abnormal CDR3 size patterns). In contrast, patients unresponsive to splenectomy demon-
strated evidence of significantly more clonal T cell expansions than patients who had responded to sple-
nectomy or controls (11·3 

 

±

 

 3·3 abnormal CDR3 size patterns per patient; 

 

P

 

 

 

<

 

 0·001). Of the VB
subfamilies analysed, VB3 and VB15 correlated with response or non-response to splenectomy, each
demonstrating oligoclonality in non-responding patients (

 

P

 

 

 

<

 

 0·05). These findings suggest that removal
of the spleen may lead directly or indirectly to reductions in T cell clonal expansions in responders, or
that the extent of T cell clonality impacts responsiveness to splenectomy in patients with ITP.
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INTRODUCTION

 

Immune thrombocytopenia (ITP) is an acquired disorder in
which antiplatelet antibodies result in platelet destruction. Anti-
bodies against the platelet membrane glycoprotein (GP) recep-
tors IIb/IIIa and/or Ib/IX are identifiable in approximately three-
quarters of ITP patients; binding of autoantibody to platelets
leads to their clearance by the mononuclear phagocyte system [1–
4]. Although antiplatelet antibody production is B cell-mediated,
numerous studies have demonstrated a concomitant T cell activa-
tion in patients with ITP [5–7]. Compared with control T cells,
CD4

 

+

 

 T lymphocytes from patients with chronic ITP have been
shown to exhibit accelerated proliferation in response to tryptic
peptides of GPIIb and IIIa, enabling localization of putative
immunodominant epitopes to the amino-terminal portions of the

glycoprotein molecules [8,9]. The presence of reactive T cell pop-
ulations in ITP has been thought to reflect immune stimulation by
specific, as of yet unknown, antigens [10,11]. Inferential evidence
of a pathogenic role of T cells in ITP is also derived from the clin-
ical efficacy of agents that primarily block T cell proliferation and/
or signalling, such as cyclosporin-A, tacrolimus, mycophenolate
mofetil and anti-CD40 ligand [12,13], which is thought to react
primarily with activated CD4

 

+

 

 T cells and block stimulation of the
CD40 molecule on B cells [14].

Recently, molecular methodology has permitted size analysis
of cDNAs for the complementarity-determining region 3 [CDR3]
of the T cell receptor (TCR) 

 

b

 

-variable (VB) region genes, a tech-
nique which enables assessment of complex populations of T cells
for clonal restriction or dominance [15]. Using this approach, Shi-
momura 

 

et al

 

. were able to demonstrate clonal peripheral blood T
cell expansions in individuals with ITP 

 

versus

 

 normal controls
[11]; however, the relationship of T cell repertoire diversity in ITP
patients and response to treatment was not assessed. The present
study extends these findings to ITP patients who had undergone
splenectomy and either responded or did not respond, and
includes comparison to healthy volunteers.
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METHODS

 

Study population

 

A total of 20 subjects were studied, including 12 patients with a
diagnosis of ITP and eight age-matched normal controls; patient
characteristics are summarized in Table 1. All patients had a
platelet count of 

 

<

 

30 

 

¥

 

 10

 

9

 

/l at diagnosis, with no other explana-
tion for the thrombocytopenia than ITP. Individuals over 50 years
of age underwent bone marrow aspiration and biopsy to docu-
ment adequate or increased megakaryocytes and the absence of
pathological lymphoid aggregates or myelodysplasia if they did
not respond repeatedly to intravenous immune globulin (IVIg).
Six patients underwent splenectomy and responded to it. Five
patients achieved durable postsurgical platelet counts above
150 

 

¥

 

 10

 

9

 

/l off any ITP-specific therapy, while patient 3 exhibited
a partial response, with a durable postsplenectomy platelet count
of 60 

 

¥

 

 10

 

9

 

/l independent of any therapy. Patient 6, a complete
responder to splenectomy, was taking stable, low doses of pred-
nisone at the time of sample acquisition for an undifferentiated
connective tissue disease whose primary symptom was fatigue. Six
other patients had failed to respond to splenectomy, manifested
by lack of response or relapse after the procedure. For the pur-
pose of this analysis, the selection of these individuals was limited
to those who were on no therapy (patient 8), who were receiving
intermittent doses of IVIg (patients 7, 10, 11 and 12) or who were
taking stable doses of prednisone (patient 9, for treatment of con-
current autoimmune haemolytic anaemia; i.e. Evans syndrome).
When possible, samples for CDR3 size analysis were acquired at
the time of platelet nadir off or between therapies.

 

RNA isolation, complementary DNA synthesis and polymerase 
chain reaction (PCR)

 

Peripheral blood mononuclear cells (PBMCs) were isolated by
Ficoll-Hypaque sedimentation. Total RNA was extracted from
PBMCs using Trizol reagent (Life Technologies Inc., Bethesda,
MD, USA) and then subjected to reverse-transcription using the
Geneamp RNA PCR Core Kit (Applied Biosystems, Foster City,

CA, USA). Based on sequence homology, TCR VB genes are
grouped into subfamilies designated VB1-24 (excluding VB10 and
19, which are pseudogenes) [16]. cDNA was amplified through 35
cycles with primers specific to each of the 22 VB subfamilies, and
a fluorescent constant region primer [15].

 

CDR3 size distribution analysis

 

Details of the CDR3 size distribution assay have been reported
elsewhere [15]. Briefly, 1 

 

m

 

l of amplified cDNA product was mixed
with 12 

 

m

 

l 100% formamide (Sigma-Aldrich Inc., St Louis, MI,
USA) and 0·5 

 

m

 

l size standard (Genescan-500 ROX, Applied Bio-
systems, Foster City, CA, USA), heated at 95

 

∞

 

C for 2 min, chilled
on ice and applied to an ABI 310 sequencer equipped with soft-
ware capable of converting the fluorescent band intensity signal
to a CDR3 size pattern. CDR3 patterns are characterized by a
series of peaks that represent a collection of VB CDR3 transcripts
of a given length; adjacent peaks signify transcripts occurring at
three base-pair intervals. Because each T cell should have a
unique TCR VB CDR3 DNA signature, and because polyclonal-
ity is the expectation in the normal scenario, CDR3 size analysis
of PBMCs from healthy individuals should render a size pattern
characterized by CDR3 fragments of many different lengths, pro-
ducing a bell-shaped (Gaussian) curve. Dominant peaks are taken
to represent accumulation of one or more clones (oligoclonality)
within a specified VB subfamily. CDR3 size patterns were judged
to be abnormal if a Gaussian distribution was absent, due to
either a reduced (

 

<

 

5) peak number or the appearance of promi-
nent peaks [17]. Three independent investigators experienced in
the technique made this determination in a blinded fashion;
CDR3 size patterns were reported as normal or abnormal only
after consensus to the designation had been reached. The number
of VB subfamilies displaying an abnormal CDR3 size pattern was
determined for each subject.

 

Statistical analysis

 

Standard analysis of variance (

 

ANOVA

 

) was used to compare the
number of abnormal CDR3 size profiles in the three subject

 

Table 1.

 

Patient characteristics

Patient Age (years) Sex Platelets (

 

¥

 

10

 

9

 

/l)
Months since

diagnosis
Months since
splenectomy

Treatments 

Prior Current

Responders
1 61 F 198 24 22 Pr, IVIg None
2 31 F 383 201 177 Pr, IVIg None
3 47 M 64 142 23 Pr, IVIg, dan, anti-D, CSA, Vcr None
4 33 F 399 202 198 Pr, IVIg None
5 22 F 209 95 83 Pr, IVIg, MPr None
6 35 F 331 226 213 Pr, IVIg, anti-D None

Non-responders
7 29 F 13 56 44 Pr, IVIg IVIg
8 53 F 21 225 211 Pr, IVIg, Vcr None
9 43 F 7 187 178 Pr, IVIg, dan, CSA, Vcr Pr

10 38 F 6 10 7 Pr, IVIg, dan, anti-D, Vcr, cytox IVIg
11 34 F 13 52 48 Pr, IVIg, dan, anti-D, Vcr IVIg
12 54 F 5 58 55 Pr, IVIg, dan, anti-D, Vcr IVIg

Pr 

 

=

 

 prednisone; IVIg 

 

=

 

 intravenous immune globulin; dan 

 

=

 

 danazol; CSA 

 

=

 

 cyclosporine; Vcr 

 

=

 

 vincristine; cytox 

 

=

 

 oral cyclophosphamide; MPr 

 

=

 

methylprednisolone.
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groups (patients who failed splenectomy, patients who responded
to splenectomy and healthy volunteers), followed by the Games–
Howell 

 

post-hoc

 

 tests to assess intergroup differences. The
Kruskal–Wallis test for trend in contingency tables was used to
calculate nominal 

 

P

 

-values. To compare the proportions in the
three groups demonstrating oligoclonality in individual VB sub-
families, Bonferroni’s inequality (accounting for multiple
comparisons) was used to adjust 

 

P

 

-values. The Wilcoxon non-
parametric test or Kruskal–Wallis non-parametric 

 

ANOVA

 

 proce-
dure was used to assess whether the groups differed on various
baseline parameters (such as age, months postdiagnosis, months
postsplenectomy and time from diagnosis to splenectomy). All 

 

P

 

-
values are two-tailed.

 

RESULTS

 

There was no significant difference in median age among the
three subject groups (responders to splenectomy, non-respond-
ers to splenectomy and healthy volunteers). All patients, except
for one individual in the splenectomy-responder group, were
female. Patients who responded to splenectomy and those who
did not showed no significant difference in median months since
diagnosis, months since splenectomy or time from diagnosis to
splenectomy.

Representative CDR3 profiles from splenectomy-responder,
splenectomy non-responder and healthy individuals are shown in
Fig. 1. Responders to splenectomy showed 1, 2, 2, 2, 3 and 7
abnormal CDR3 size patterns per patient, compared to 7, 9, 10,
12, 15 and 15 abnormal CDR3 size patterns in non-responding
patients (Fig. 2). ITP patients who had undergone splenectomy
and responded showed a mean 2·8 

 

±

 

 2·1 abnormal CDR3 size pat-
terns per patient, a number identical to that of healthy volunteers

(2·9 

 

±

 

 2·0 oligoclonal CDR3 size profiles). In contrast, patients
who had failed splenectomy demonstrated 11·3 

 

±

 

 3·3 abnormal
CDR3 size patterns per patient, a difference that was highly sta-
tistically significant (

 

P

 

 

 

<

 

 0·001). Of the 22 VB subfamilies analy-
sed, VB3 and VB15 correlated with response or non-response to
splenectomy, with six of six and five of six splenectomy responders
showing normal VB3 and VB15 size profiles, respectively, and five
of six splenectomy non-responders manifesting abnormal VB3
and VB15 size profiles (

 

P

 

 

 

<

 

 0·05) (Fig. 2).

 

DISCUSSION

 

Aberrant T cell repertoires assessed by the CDR3 size determi-
nation method have been demonstrated in a variety of disorders
characterized by immune dysregulation. These include rheuma-
toid arthritis [18–20] mixed connective tissue disease [21], multi-
ple sclerosis [22,23] and others [17,24–26]. Use of this
methodology enables rapid determination of T cell repertoire
diversity without requiring the more labourious tasks of cloning
and sequencing and is a more sensitive method than flow cytom-
etry for the detection of restricted TCR expression [15]. Few stud-
ies have shown a correlation between T cell repertoire diversity
and responsiveness to therapy, but aplastic anaemia patients who
achieved unmaintained remission after immunosuppressive treat-
ment exhibited normalization of a previously abnormal T cell rep-
ertoire [17].

Interestingly, we found that the T cell repertoires of patients
who failed to respond to splenectomy showed significantly more
evidence of T lymphocyte clonal expansions than did those who
responded to splenectomy. This expansion is not merely a result of
splenectomy 

 

per se

 

; responders to splenectomy showed no greater
number of abnormal CDR3 size profiles per patient than did

 

Fig. 1.

 

Representative CDR3 size profiles from (a) a normal individual, (b) a patient who responded to splenectomy and (c) a patient who
did not respond to splenectomy. Fluorescence intensity of CDR3 fragments is recorded on the 

 

y

 

 axis 

 

versus

 

 molecular weight on the 

 

x

 

 axis.
In the normal scenario, CDR3 size profiles should exhibit a bell shape (for example, panel (a), V

 

b

 

4, V

 

b

 

17), indicating a balanced (Gaussian)
distribution of variously sized cDNA fragments, and thus polyclonality. A reduced peak number (panel (b), V

 

b

 

21) or dominant peaks
(panel (c), V

 

b

 

5) disrupt the Gaussian shape and signify oligoclonality within a given V

 

b

 

 subfamily.

Vb1 Vb 2 Vb 3 Vb 4 Vb 5 Vb 6 Vb 7 Vb 8 Vb 9 Vb 11 Vb 12 Vb 13 Vb 14 Vb 15 Vb 16 Vb 17 Vb 18 Vb 20 Vb 21 Vb 22 Vb 23 Vb 24

(a) Normal subject #8

Vb1 Vb 2 Vb 3 Vb 4 Vb 5 Vb 6 Vb 7 Vb 8 Vb 9 Vb 11 Vb 12 Vb 13 Vb 14 Vb 15 Vb 16 Vb 17 Vb 18 Vb 20 Vb 21 Vb 22 Vb 23 Vb 24

(b) ITP patient #2 (splenectomy responder)

Vb1 Vb 2 Vb 3 Vb 4 Vb 5 Vb 6 Vb 7 Vb 8 Vb 9 Vb 11 Vb 12 Vb 13 Vb 14 Vb 15 Vb 16 Vb 17 Vb 18 Vb 20 Vb 21 Vb 22 Vb 23 Vb 24

(c) ITP patient #7 (splenectomy non-responder)
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healthy volunteers, who are understood to manifest evidence of
low-level T cell clonal expansion in the normal scenario [27]. The
degree of baseline T cell oligoclonality in our normal control
group was, in fact, comparable to that noted in healthy subjects by
other investigators [21]. One might consider whether the thera-
pies (intravenous immune globulin and prednisone) that some
non-responding patients were receiving could have accounted for
the difference. Only one patient (a splenectomy non-responder),
however, was taking prednisone in substantial doses at the time of
CDR3 size determination. Intravenous immune globulin is cer-
tainly immunomodulatory, but it is unclear how such a treatment
could facilitate the expansion of T lymphocytes.

In ITP, the spleen serves as an organ for clearance of sensi-
tized platelets [4] and may be a primary site for production of
antiplatelet antibodies [28,29]. Nevertheless, only two-thirds of
patients with ITP will respond durably to the procedure [30]. An
attractive hypothesis for the lack of response in some patients is
that a population of pathogenic T cells, which has either accumu-
lated in the periphery or spread to it after initial expansion in the
spleen, continues to drive antibody production postsplenectomy.
In contrast, when expansion of T lymphocyte clones occurs to a
lesser extent or is confined to the spleen, splenectomy may be suf-
ficiently immunomodulatory to produce a clinical remission. This
premise supposes, in effect, that the extent of T cell oligoclonality
at baseline varies among ITP patients, and that this difference
impacts the likelihood of response to splenectomy. In a prelimi-
nary effort to address this issue, we have now analysed the pre-

and postsplenectomy CDR3 profiles of two additional patients
with ITP, and observed a surprising lack of accumulation of oli-
goclonal T cells in the peripheral blood at all time-points (data not
shown). Of even greater interest, both patients responded to sple-
nectomy, suggesting that a persistence of an initially diverse T cell
repertoire influenced the likelihood of a response.

The true prevalence of clonal T cell derangements among ITP
patients who have not yet undergone splenectomy is not known.
Five of seven patients with ITP studied by Shimomora 

 

et al

 

. had
not had splenectomy, and all five manifested oligoclonal accumu-
lations of T cells [11]. Taken with our results, these data could sug-
gest that removal of the spleen (which contains a large reservoir
of lymphocytes, including T cells) may affect peripheral blood T
cell repertoires in some patients, and if return to a normal reper-
toire is achieved a clinical response might be observed. Changes
in peripheral blood lymphocyte populations after splenectomy
have been documented in patients whose spleens were removed
following trauma in whom lymphocyte phenotyping has revealed,
for example, a sustained reduction in CD4

 

+

 

 effector cells [31].
Extrapolation of findings such as these to patients who require
splenectomy due to autoimmunity may not be possible. However,
Ware 

 

et al

 

. [32] demonstrated regression of an accumulation of
gamma-delta T cells in a paediatric patient with chronic ITP fol-
lowing splenectomy, a change that was associated with normaliza-
tion of the platelet count. (Notably, however, a similar decline in
an over-representation of gamma-delta T cells was observed in
another child from the same series whose ITP resolved spontane-

 

Fig. 2.

 

Summary of CDR3 size patterns in healthy controls (individuals 1–8) and ITP patients who had either responded (patients 1–6) or
not responded (patients 7–12) to splenectomy. Open squares (

 

�

 

) indicate a normal CDR3 size profile, while closed squares (

 

�

 

) indicate
an abnormal CDR3 size profile. Shaded areas highlight subfamilies V

 

b

 

3 and V

 

b

 

15, in which CDR3 size pattern characteristics correlated
with responsiveness to splenectomy in ITP patients. The mean number of abnormal CRD3 size patterns per group is given below the
columns representative of each cohort.

Control

Number abnormal 2·9 ± 2·0 2·8 ± 2·1 11·3 ± 3·3

Responder Non-responder

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 10 11 12
Vb 1
Vb 2
Vb 3
Vb 4
Vb 5
Vb 6
Vb 7
Vb 8
Vb 9

Vb 11
Vb 12
Vb 13
Vb 14
Vb 15
Vb 16
Vb 17
Vb 18
Vb 20
Vb 21
Vb 22
Vb 23
Vb 24
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ously.) Whether these results indicate that clearance of patho-
genic T cell populations (by surgical removal or other, but as yet
undefined, spontaneous processes) is a necessary precursor for
resolution of disease, or that normalization in T cell expansions
serves merely as a marker for termination of autoimmunity, has
not been elucidated.

Finally, it is not known if T cell repertoire expansions as mea-
sured by CDR3 size analysis using peripheral blood lymphocytes
are reflective of expansions that may occur in the spleen, or if syn-
chronous accumulations occurring in these (or other locations)
are likely to be similar or distinct. Studies designed to assess a
potential pathogenic involvement of T cell clones in other disor-
ders of immune dysregulation have led to the interesting obser-
vation that oligoclonal T cell populations may be more or less
confined to an anatomical site of disease. For instance, studies of
T cell repertoires in patients with melanoma, graft-

 

versus

 

-host
disease and rheumatoid arthritis have demonstrated that lympho-
cytes from the affected tissue (e.g. skin or synovium) may exhibit
evidence of oligoclonality that is either attenuated or absent when
lymphocytes from the peripheral blood are examined [15,18,33].
Whether theoretical splenic clones could spread throughout the
body in ITP patients and persist after splenectomy, or if two or
more anatomically separate clonal populations co-exist prior to
removal of the spleen, is unknown.

Our study is the first to show an association between response
to therapy and T cell repertoire characteristics as assessed by the
CDR3 size determination method in patients with ITP. Lacking
presplenectomy data, and with appropriate caution that recalls
the failure of other initially promising measures to predict respon-
siveness to splenectomy in ITP patients [34], a causal relationship
cannot be assumed. Long-term studies that assess T cell reper-
toire diversity and span the pre- and postsplenectomy periods are
required to define further the role of oligoclonal T cell expansions
in ITP and their potential usefulness in predicting clinical
outcomes.
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