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Immune-mediated destruatioof hematopoiesis in idio- targets for the immune attack in bone marrow failure
pathic AA has been inferreffom the successes of im- syndromes [7]. While in single lineage cytopenias, com-
munosuppressive therapies [1]. Based on similar pathaonitted progenitor cells are likely to be targetsg( ery-
physiologic features, immunosuppression has been alsloroid precursors in pure red cell aplasia), in AA and
applied as a treatment modality in MDS [2] and hasome forms of MDS; hematopoietic inhibition also
proven effective in a significant portion of patients, sugincludes multipotent progenitor cells. We have demon-
gesting that similar pathophysiologic mechanisms magtrated a profound hematopoietic depletion of CD34+
operate in these disease€ommon pathophysiology is cells [28] and of long-ten colony forming cells
also inferred by the clioal overlap between these dis- (LTCIC), the most immature hematopoietic cells that can
eases; MDS often evolves from AA, and hypoplastibe measured in vitro [27-29]. CD34+ cell populations
MDS shows many clinical sitarities to AA [3,4]. In from AA and MDS show in@ased expression of Fas
analogy to typical AA, MDS cases responsive to im{30,31] and contains a very high proportion of apoptotic
munosuppression are mostly hgptlular, associated with cells [32]. Although the target antigens are likely to be
the presence of paroxysmatocturnal hemoglobinuria expressed on early hematopoietic cells, the direct de-
(PNH) clone and a high frequency of HLA-DR2 [5,6]. monstration of progenitor-directed cytotoxicity has been

Because of the low numbers of blood and bone maxery difficult due to the technical problems including
row (BM) cells, immune-mediated BM failure syndromeslow number of progenitor cell{serving as targets or
are intrinsically difficult diseases to study in the laborainducers in the functional assays) and availability of
tory. Nevertheless, experimental evidence data supportfi A-matched controls. Similarly, despite many attempts,
an immunologic mechanism iacquired BM failure (for characterization of the #gens that may drive the
review see [7]). A role for cytotoxic T cells (CTL) in immune response in bone marrow failure syndromes has
AA was first suggested by co-culture and depletiorbeen difficult. Theoretically, the inciting antigen may be
experiments, in which inhibition of hematopoietic colonya foreign protein that either induces a breach of
formation was associated with this lymphocyte populatolerance or shows cross reactivity with certain normal
tion [8,9] and provided thdaboratory evidence for an hematopoietic antigens. lmaddition, cross-reactive anti-
autoimmune BM-directed peess. Increased numbers ofgens could be also generated by chemical modification,
activated CTL [10] as detexd by the expression of conjugation with drugs or be products of an hypothetical
HLA-DR [10] and CD25 [11], an inverted CD4/CD8 mutated gene [7]. In the press of the antigenic spread
ratio [12] have been found in blood and marrow o0f{33], additional more common epitopes or even new
patients with AA [13]. Later,skewing of the variable antigens may be recognizednd recruit T cells with
chain (VB)-repertoire of # T cell receptor (TCR) were related specificities; consequently, the antigenic spectrum
found (see blow), consistent with expansion of autoean differ early and late in the disease.
immune T cell clones [14-19]. Similar findings have also
been reported for some forms of MDS [20]. T lympho-2. T Cell Repertoire and Pathogenic T Cell
cytes from AA and MDS patients overproduced inter-Clones
feronsfi (IFN-¥) and tumor necrosis factdr- (TNF-d)
consistent with a shift in the Th1/Th2 balance [21-24]2.1. Effector Cells in Bone Marrow Failure
Marrow localization of pathophysiologic T cells has beerSyndromes
modeled in vitro [25,26] andbserved in vivo [10,27].

Although all these results support a view of AA and Several methods have been used to better characterize
perhaps some forms of MD&s the culmination of a pathologic lymphocytes in AA. Specific T cells express
cytotoxic lymphocyte (Tc, CTL)-mediated, highly speci-activation markers such as HLA-DR, CD25, and CD69
fic attack on blood formingells, most of the laboratory and secretes IFNt during active disease. Due to anti-
evidence is indirect as eh antigens driving the auto- gen-specific T cell receptoriggering and co-stimulatory
immune process remain unknown. The current laboratorsignals, effector cells diffentiate from a proliferating
tests have shown only a poor correlation with diseaseaive or memory cell pool. This process is associated
activity and none has beenegictive of the effective- with CD45 isotype switching and loss of CD28
ness of therapy. In addition, their interpretation is hamf2,34,35]. CTL of effector phenotype show high expres-
pered by the heterogeneous nature of marrow failureion of CD45RA, CD11b, and CD57, and acquire
syndromes and many external factors not related to theytotoxic granules containinggranzyme B and perforin
primary pathophysiologic process. Clearly, recognition 0f36,37]. CD8+ CD28- and CD8+CD28-CD57+ cells
the target (auto) antigens is a major obstacle in thexert strong cytotoxicity [38-41] but their proliferative
differential diagnosis of these diseases and may proymotential is poor [36]. It is likely that T cells mediating
essential for the understanding of their pathophysiologhiematopoietic suppression are contained within the

and design of novel rational therapeutic strategies. mature effector cell population. Our results suggest that
both activation and effest surface markers can be

1.2. Hematopoietic Targets and Clues to the combined with TCR analysis to distinguish disease-

Pathophysiology specific autoimmune clonefrom normal T cell reper-

toire or secondary responses.g( alloimmunization,
Hematopoietic progenitor and stem cells are cellulainfections) [21].
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techniques,e.g., using microarray technology.
2.2. Molecular Analysis Of T Cell Receptor Unigue sequences of specific TCR VB CDR3 regions
(“signature clonotype”) can be used as molecular mar-

Analysis of TCR has been utilized in the study ofkers for autoimmune or viral disease and help to
classical autoimmune disess TCR is a heterodimer classify the syndromes based on antigens involved in
comprising of d(A) and [@B) chains; both encoded by the pathophysiologic process. Specifically applied to
rearranged V (D) J segments and a constant region (fanmune-mediated marrow failure, fine analysis of VB
review see [42,43]). Thigearrangement between V, D CDR3 and clonotype utilizath (immunoscope) may serve
and J-regions accounts for the heterogeneity and the fine distinguish specific subsets of marrow failure and for
specificity of antigen recognition and is mostly carriedthe identification of common offending antigens.
by VB CDR3 domain. CDR3 of the TCR VB chain is
a non-germ line-encoded hypervariable region directl®.3. Analysis Of T Cell Receptor in Autoimmune
related to T cell recognition of peptides in the approDiseases and Its Application to Immune-Mediated
priate HLA context. Duringrecombination, transferases Bone Marrow Failure
add or remove nucleotides at various VB-DB or DB-JB
junctions, leading to 6-8 ano acid differences between Analysis of TCR repertoire including polymorphisms
CDR3 within each BV chainthus creating unique sig- within the VB CDR3 of the TCR has been utilized for
nature sequences. This process accounts for the virtuatlye study of immune mechanisms in autoimmune
unlimited antigen-driven expaion of specific clones. diseases and viral infectie [43,44]. In the mouse,
Clonal or oligoclonal expansion will result in skewing CDR3 spectratyping showedhat the normal T -cell
of the otherwise normal Gaussian size distribution ofesponse to an antigenic protein is to be relatively
recombined CDR3 amplification products (CDR3 skew-estricted to one or few (RB size peaks, corresponding
ing [43-45]) that is amendd to molecular analysis to few dominant T cell clones [60]. Skewing of the T
using size sequence analysis of CDR3 amplification PCRell VB spectrum has also been described for many
products, called CDR3 spectratyping. As CDR3 regioranimal models of immunologically mediated organ des-
appears to be responsible for the recognition of the pepruction such as encephalitis [61,62] and thyroiditis [63].
tide presented in the context of HLA, while CDR1 andin humans, expansion of specific CDR3 VB TCR clones
2 regions exhibit affinity to a specific HLA type pos- has been found in multiple sclerosis [64], type |
sibly, similar CDR3 sequees recognizing a specific diabetes mellitus [65], rheumatoid arthritis [66-68], pri-
antigen can be found in individuals with different HLA mary biliary cirrhosis [69], psiasis [70,71], or during
types [46]. Increased frequenayf individual clones can graft-versus-host disease [44,60,72-74].
be also detected by cloningf CDR3 amplification
products and sequencing of individual clones: undep.4. VB CDR3 Spectratyping
normal circumstances due to the great variability of
CDR3 region within each VBfamily, most of the TCR VB repertoire analysis has also been performed
cloned sequences will be unique. However, expansion @ AA, PNH and MDS patients [13-15,18-20,53,75-77].
a specific T cell will result in a higher probability of In some studies in AA, a broadly normal VB distri-
their amplification and cloning and consequently, manyution pattern with over-expression of a few VB types
cloned CDR3 regions will contain identical sequencesindicative of selective CDR3 usage was observed, but
The frequency of identicaCDR3 sequences correspondsskewing was not limited tospecific VB families. As
to the degree of clonal over-expansion. High frequenciesxpected, when J-regions were analyzed monoclonality
of CMV-specific T cells have been observed e.g. invas excluded [14]. In other reports, increased skewing
CMV and EBV infections [47-49]; different methods was detected. For examplé& the refractory cyclospo-
have demonstrated that virus-specific T clones carine-dependent AA cases (sharing HLA-DRBS501)
represent a significant pasti of the entire CD8 reper- [15], a significantly skewed CDR3 size pattern was
toire [50-52]. If substantial,clonal expansion may also found. In 5 of those patients, VB15 CDR3 sequencing
result in the over-representation of specific TCR withinshowed dominant clones. Based on VB identity, indivi-
a particular VB family (TCR VB skewing) [53]. For dual helper [76] and cytotec [77] T cell clones have
example, in the large gramul lymphocytosis (LGL), a been generated and functionaltharacterized as specific
condition frequently associated in with the bone marrovior the hematopoietic target cells. Using CDR3 spectra-
failure [54,55], exteme clonal expansion can lead to thetyping, we have determined the degree of diversity in
increase in the size of emirVB family. It is likely the T cell response and studied characteristic changes in
that LGL clones exert TCR specificities recognizingthe TCR spectrum in total lymphocytes at initial pre-
hematopoietic targets as PRCA or multilineage cytopenisentation and after immunosuppressive therapy [17].
associated with LGL [56,57]Increase in the size of the Age-matched normal individis and multi-transfused
entire VB family is detectable by flow cytometry [58] patients with non-immune mediated hematologic diseases
or by reverse hybridization techniques [5®]g., using served as controls and namvalues have been est-
microarray technolgy (see, prelimingr results). Increase ablished for a large number diealthy individuals. In
in the size of the entire VB family is detectable bynew AA, the average fregacy of VB CDR3 size
flow cytometry [58] or by reverse hybridization [59] distribution deviation, indicative of oligoclonal T cell



sttt G AL T R b

proliferation within a given VB family, was significantly defined by their percent increase over the mean +2 SD
increased (44+33% vs. 9+9%P=.0001). AA patients of controls. On averagewe found expansion in 10%
with HLA-DR2 and those with expanded PNH clones(out of 22 examined) VB families per patient. As
appeared to have more skew®® repertoires. Analysis during the active disease process, specific T cells are
of the individual VB subfamilies showed specific andmore likely to be found within the effector cell po-
seemingly non-random skewing of particular TCR VBpulation, we also examined VB family distribution
regions, including oligoclonal pattern for the VB6,15,among the effector cells phenotypically defined by the
16,21,24 subfamilies in oveb0% of all AA patients down-modulation of CD28 (for CD4+ and CD8+ cells)
and in VB6,15,16, and 24 in up to 70% of AA patientsand expression of CD57 (foaCD8+ lymphocytes). When
with HLA-DR*1505. When VB repertoire was re- contribution of the individual VB families to the
analyzed using the same method 3 and 6 months afteffector cell pool was examed, a more evident VB
immunosuppressive treatmerthe degree of VB skewing distribution skewing was present: in individual patients,
remained similar after administration antithymocyte glosome VB families accounted for over 50% of total
bulin but the overall pattern changed. Patients (N=3gffectors (not shown). No preferential expansion of a
treated with high-dose cymphosphamide showed a much particular VB family was observed neither in relation
higher extent of oligoclonality within all VB families at with HLA-A, B or C for CD8 nor HLA-DR for CD4
3 and 6 month after initial therapy, consistent with the/B expansions. Twelve patients were examined prior
profound and long-lasting contraction of the T cell re-and post immunosuppressive therapy with a relative
pertoire. These studies suggested that VB CDR3 spedecrease in the degree @bnormal expansion in all
tratyping could be systematically applied to study the@esponding patients, suggesting that some of the VB
TCR repertoire. However, the inability to identify speci-expansions may correspond to the proliferation of speci-
fic and consistent CDR3 skewing patterns and the higfic autoimmune cells. Of note is that as an alternative
degree of skewing within multiple VB families have approach to the flow cyioetric measurement of the
implied that this technique alone as applied to the totalontribution of the individual VB families to the total T
T cell population is not sufficient to recognize auto-cell repertoire, a VB-specific miroarray can be used.
immune T cell clones. Consequently, a more intricatdhe VB microarray allows the determination of a
analysis is needed. E.g., VBDR3 skewing should be relative contribution of reach VB family to the total
analyzed separately in @ and CD8 cells and oligo- TCR repertoire.
clonality due to T cells depletion should be excluded.
Other techniques have to be used and possibly cor@:6. Search for Disease-Specific Clonotypes
bined to facilitate selection of T cell clones, which are
associated with the immuneliated bone marrow failure. Further studies were performed to devise more precise
strategies of recognition for bone marrow failure-specific
2.5. TCR VB Typing signature clonotypes. We hypothesized that disease-
specific clonotypes are likelyo be contained within VB
Due to the different restriction of CD8 (HLA class I) families that are both oligoclonally distributed and
and CD4 (HLA Class Il) responses, CD4 and CD&wumerically expanded. We have previously shown that
populations may show different VB utilization patterns,numerical contraction of an individual VB family may
which when analyzed together may limit the ability toresult in oligoclonal spectratyping pattern. Consequently,
recognize disease-specific clgas in clonal distribution. for cloning of clonotypic CDR3 sequences reflecting
As TCR CDR3 skewing may be a function of theimmune response in BM failure states, we selected only
relative size of a particular VB family, to restrict thethose individual VB subfamilies, which showed numeri-
search to truly expanded (and potentially specific) T celtal expansion by flow cytometry or VB microarray. The
clones, we have postulated that clonal expansion caontribution to the total lymphocyte pool was measured
also lead to an increasedontribution of entire VB either by flow cytometric VB-spectratyping or gene
family to the total TCR repertoire. Identification of chip-based VB spectratypingviolecular analysis of VB
over-expanded VB families can facilitate the selection oCDR3 size distribution pattern (CDR3 spectratyping) in
VB families for further analysis on molecular level. expanded CD4 VB subfamilies demonstrated a polyclo-
Therefore, in the next sedbf experiments, using anti- nal size CDR3 distribution, while within over-repre-
bodies specific for individual VB families (combined sented CD8 VB types, a marked skewing was noted
with CD8 or CD4 staining of CD3 lymphocytes), we consistent with a non-random expansion of specific T
have established the contritan of each VB family to cell clones. CDR3 amplification products from expanded
the total lymphocyte pool [53]. Two parameters can b&B families were subcloned intoE. coli and the
tested using flow cytometric analysis of VB families: frequency of individual sequences determined in 20
the extent of expansion of an individual VB family andrandomly selected clones. In normal individuals (N=6)
the overall degree of VB skewing. In contrast to conwith a normal size distriiion of the CDR3 VB ampli-
trols (N=9), in whom, for both CD4+ and CD8+ cells,fication product, 20 clones, obtained and per VB family,
the variability within VB distribution was low, in AA showed that identical sequms can be encountered at
(N=23) and PNH (N=10), #re was a seemingly ran- relatively low rate: on average, we have found that
dom over-representation of different VB families asidentical sequences can leund in 163% of CDRS3
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clones. In contrast, in one patient, we found that 12 oflone with high kiling rates at low E: T ratios.
20 VB7 clones contained a uniqgue CDR3 sequencEowever, when normal CD34+ cells matched for DRB1
(VB7J2.1C1), highly suspicious of an immunodominant*15 or DR mismatched CD34eells (N2) were used as
clonotype. In another patient, in a highly expandedargets, no cytocidal activity was observed. In addition,
VB13 family we found that 15 of 20 clones containedthere was no lysis of HLA-matched immortalized lym-
a unique CDR3 sequence (VB12J1.1C2). However, exphoblastoid cells, suggestintpe absence of the antigen
panded VB families within CD4 cell populations wereon non-myeloid cells. Wheninhibitory effects on
rarely found to show an oligoclonal-skewing pattern ofhematopoietic progenitor cell growth in vitro were deter-
their CDR3 amplification products. mined, the selected clone rkeadly reducedthe numbers

We have concluded that oligoclonally distributed, andf autologous erythroid colonies (from BFU-E; from 120
numerically expanded VB families within CD8 cells+2 to 10+4) and myeloid colonies (from CFU-GM,
may be used for cloning of clonotypic CDR3 specificfrom 60+7 to 30+5, and CFU-G, 40+8 t010+7), but
sequences. In contrast, lack of oligoclonal patterns withaot those derived from normal CD34+ cells.
in the CD4 cell populations suggested that other Availability of a specific clonotypic sequence enabled
methods might be needed for the recognition of CD4is to determine whether molecularly similar clones
restricted clonotypes. Gen#lya our approach for select- bearing similar TCR were also present in other patients
ing VB families for cloning can be further refined towith DR+*1501, and whether the immunosuppressive
include a sorting step for activated cells or those witlireatment affected the eralence of the pathogenic
mature effector phenotype [21In these experiments, we clone. After amplification of BV5 cDNA from bone
were able to enrich for lymphocytes with inhibitory marrow of 5 AA patients, PCR products were subjected
activity using cells sorted based on their effector phendo Southern hybridization with a specific probe, which
type. It is likely that such an approach may increasencompassed the clonotyppecific sequence of N-D-N
the probability that T cell selected for cloning will region. The amplified products derived from 3 patients
contain disease-specific clonotypes. exhibited strong bands before treatment, but the density

A functional approach can also be chosen for thef the specific band dramatiba decreased thereafter. In
identification of CD4 clonotypes [19]. Based on thecontrast, in one AA patient and normal controls (N=9)
hypothesis that common clinical features may bao signal was obtained although BV5 amplification
indicative of similar pathophysiology and possibly, ofproducts were always obtained. In addition, prior to
antigens inducing immune attack on hematopoietiinstitution of therapy, the initial VB5 CDR3 size pat-
progenitor cells, we selected a group of AA patientserns of 4 of 5 patients studied were abnormal, showing
with unifying clinical characteristics: all showed severevery few or a single predominant peak, while with
acute pancytopenia and evidence for activation ofiematologic response, ¢h CDR3 BV5 size patterns
lymphocytes by flow cytometry and all patients selectechormalized. Both the results of Southern hybridization
for the analysis showed a small PNH clone and alhind the CDR3 size analysis indicated that oligoclonal
cases shared HLA-DRB15. These features have beenexpansion of a limited number of T cells might be a
associated with immune-responsiveness to immunosuplistinctive feature in some AA patients with DRBGBG.
pression [7,78]. Activated T cells, defined by the pre-To directly detect the specific BV5 sequence and to
sence of CD69, were analyzexhd sorted by flow cyto- determine its relative over-resentation within the TCR
metry from patient's marrowgultured, and immortalized repertoire, VB5 cDNAs from two AA patients and two
by infection with herpes virus saimirii; individual clones normal controls with DRB415 were amplified and
were established by limiting dilution. A total of 112 cloned, and the nucleotidsequence of 20 individual
CD4 and 32 CD8 T cell clones were obtained. A largelones determined. Fronthe deduced amino acid se-
number of CD4 T cell (class-Il dependent) clones wasuence of each clone, theost frequent amino acid
randomly selected for analysis of TCR VB gene usagdnucleotide) sequence of the N-D-N region of both of
26 of 32 CD4 T cell clones displayed VB5 TCR. Bypatients was identical to that of the original clonotype.
sequencing, an identicahucleotide sequence of the Before treatment, frequencyof clones bearing this
N-D-N region of VB5 was found in 20/26 of these specific sequence was high (16/20 in P1, 13 of 18 in
CD4 T cell clones. The high frequency of clonesP2) and markedly declineditw successful therapy (P1,
bearing identical CDR3 segnce indicated over-repre- 5/18 and 5/21 in P2). In contrast, we did not detect the
sentation of CD4 T cells with a specific TCR VB5 clonotypic sequence in any of the normal individuals
clonotype. CD4 cells of this clonotype showed expresmatched for DR indicating that it is either absent in or
sion of HLA-DR and phengpic characteristics indica- its frequency is very low <1 in 20.
tive of a mature memory/effector while the intracellular
cytokine expression pattern was consistent with a Th3. Conclusions
phenotype.

To determine the functional relevance of this T cell The key component to the understanding of the path-
clone, we performed cytotoxicity and hematopoieticophysiology of immune-mediated bone marrow failure is
inhibition experiments using colony assays. When pathe clarification of the nature of the antigen(s) driving
tients’ CD34+ cells were used as target cells, a largde pathologic immune response. However, identification
proportion of these cells were lysed by the selectedf these antigens has beedifficult, as it requires
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cloning of autoreactive T cells. Conversely, T cell clones

are

required for the functional screening of peptide

libraries, protein fractions, oexpression libraries derived

from the patient's marrow. Sfar all the attempts based 4

on cellular and serologic strategies have been unsuc-
cessful. It is likely, that the recognition of the immune
targets helps to understandetipathogenesis and clinical

associations of AA. For exate, abnormal cells in AA
and MDS may harbor the

inciting antigens but the

immune response lacks the selectivity. Clonal selection

pressure may be a result ofisttprocess or alternatively, 1s.

emergence of tolerance couldad to the establishment

of abnormal hematopoiesis. Clonal proliferation of LGL
could represent an extreme aexple of the response to

an immunodominant hematopoietic antigen.

20.

Reference

1.

2.

10.

11.

12.

13.

14.

15.

Young NS, Barrett AJ. The treatment of severe acquired aplas-
tic anemia.Blood. 1995;85:3367-3377.

Molldrem JJ, Caples M, Meoudis D, et al. Antithymocyte
globulin for patients with myelodysplastic syndromeBr J
Haematol. 1997;99:699-705.

. Miescher PA, Favre H, BeriP. Autoimmune myelodysplasias. 22.

Semin Hematol. 1991;28:322-330.

. Young NS, Barrett AJ. Immune modulation of myelodysplasia:
23.

rationale and therapy. In: BertheJM (Ed). “The myelodyspla-
stic syndromes: Pathobiology and clinical management.
Pathobiology and Clinical Management. In press.

. Maciejewski JP, Rivera C, Dunn D, Young NS. Clinical fea-24.

tures of the relationship between aplastic anemia and paro-
xysmal nocturnal hemoglobinuri®rit J Hematology. In press.
Saunthararajah Y, Nakamuf@, Nam J, et al. HLA-DR15
(DR2) is overrepresented
aplastic anemia, and predicts response to immunosupression
in MDS. Blood. In press.

. Young NS, Maciejewski J. The pathophysiology of acquired26.

aplastic anemiaN Engl J Med. 1997;336:1365-1372.

. Hoffman R, Zanjani ED, Lutton JD, Zalusky R, Wasserman

LR. Suppression of erythroid-colony formation by lymphocytes
from patients with aplastic anemidl Engl J Med. 1977;296:
10-13.

. Takaku F, Suda T, Mizoguchi H, et al. Effect of peripheral

blood mononuclear cells from aplastic anemia patients on the
granulocyte-macrophage and erythroid colony formation
samples from normal human bone marrow in vitro--a coopera-
tive work. Blood. 1980;55:937-943.

Maciejewski JP, Hibbs JR, nderson S, Katevas P, Young

NS. Bone marrow and peripheral blood lymphocyte phenotyp&9.

in patients with bone marrow failureexp Hematol. 1994;22:
1102-1110.

Zoumbos NC, Gascon P, Djeu JY, Trost SR, Young NS.
Circulating activated suppressor T lymphocytes in aplastic
anemia.N Engl J Med. 1985;312:257-265.

Zoumbos NC, Ferris WO, Hs8M, et al. Analysis of lym-
phocyte subsets in patients with aplastic anaefdia.J Hae-
matol. 1984;58:95-105.

Sloand E, Maciejewski JP, stiale J, Follman D, Young NS. 31.

Intracellular Interferon-y (IFNy) in circulating and marrow T
Cells deteted by flow cytometry and the response to immuno-
suppressive therapy in pattenwith aplastic anemiaBlood. In
press.

Manz CY, Dietrich PY, Schniger V, Nissen C, Wodnar-Fili-
powicz A. T-cell receptor beta chain variability in bone
marrow and peripheral blood
anemia.Blood Cells Mol Dis. 1997;23:110-122.

Zeng W, Nakao S, Takamatdd, et al. Characterization of

17.

19.

21.

imyelodysplastic syndrome and 25.

27.

in28.

30.

32.

in severe acquired aplasti@3.

T-cell repertoire of the bone marrow in immune-mediated
aplastic anemia: evidence for the involvement of antigen-dri-
ven T-cell response in cyclosfme-dependent aplastic anemia.
Blood. 1999;93:3008-3016.

Patterson AE, Korngold R. Irffion of select leukemia-reactive
TCR Vbeta+ T cells provides aft-versus-leukemia responses
with minimization of graft-verss-host disease following mu-
rine hematopoietic stem cell transplantatidiol Blood Mar-

row Transplant. 2001;7:187-196.

Goker H, Haznedaroglu IC, @i NJ. Acute graft-vs-host dis-
ease: pathobiology and managemeBkp Hematol. 2001;29:
259-277.

Kook H, Zeng W, Wilodarski M, et al. Changes in Vb-reper-
toire in aplastic aemia. Effects of multiple immunosuppres-
sive regimensBlood. 2001. Ref Type: Generic

Zeng W, Maciejewski JP, Chen G, Young NS. Limited he-
terogeneity of T cell receptor BV usage in aplastic aneria.
Clin Invest. 2001;108:765-773.

Epperson DE, Nakamura R, Saunthararajah Y, Melenhorst J,
Barrett AJ. Oligoclonal T cellexpansion in myelodysplastic
syndrome: evidence for an autoimmune procesauk Res.
2001;25:1075-1083.

Zoumbos NC, Gascon P, DjdlY, Young NS. Interferon is a
mediator of hematopoietic suppeion in aplastic anemia in
vitro and possibly in vivo.Proc Natl Acad Sci USA. 1985;
82:188-192.

Nistico A, Young NS. Gamma-Interferon gene expression in
the bone marrow of patientwith aplastic anemiaAnn Intern

Med. 1994;120:463-469.

Tsuda H, Yamasaki H. Type | and type Il T-cell profiles in
aplastic anemia and refractory anemfem J Hematol. 2000;
64:271-274.

Symeonidis A, Kourakli A, Kavas P, et al. Immune function
parameters at diagnosis in patis with myelodysplastic syn-
dromes: correlation with the FAB classification and prognosis.
Eur J Haematol. 1991;47:277-281.

Takashita E, Sugimoto K, Adacl, et al. Destruction of he-
matopoietic microenvironmenby cytotoxic T cells.Exp He-
matol. 1997;25:1034-1041.

Melenhorst JJ, van Krieken JH, Dreef E, et al. T cells selec-
tively infiltrate bone marrow aas with residual haemopoiesis
of patients with acquad aplastic anaemiaBr J Haematol.
1997;99:517-519.

Maciejewski JP, Anderson S, Katevas P, Young NS. Pheno-
typic and functional analysis of bone marrow progenitor cell
compartment in bone marrow failurBr J Haematol. 1994;87:
227-234.

Maciejewski JP, Selleri C, Sato T, Anderson S, Young NS. A
severe and consistent deficit in marrow and circulating pri-
mitive hematopoietic cells (loagrm culture-initiating cellsin
acquired aplastic anemi&lood. 1996;88:1983-1991.

Maciejewski JP, Kim S, Sloand, Selleri C, Young NS. Sus-
tained long-term hematologic recovery despite a marked quan-
titative defect in the stem cellompartment of patients with
aplastic anemia after mmunosuppressive ther@py.J Hema-

tol. 2000;65:123-131.

Philpott NJ, Scopes J, Marsh JC, Gordon-Smith EC, Gibson
FM. Increased apoptosis in aplastic anemia bone marrow
progenitor cells: possible frphysiologic significance.Exp
Hematol. 1995;23:1642-1648.

Maciejewski JP, Selleri C, ®a T, Anderson S, Young NS.
Increased expression of Fas antigen on bone marrow CD34+
cells of patients with aplastic anaemiBr J Haematol. 1995;
91:245-252.

Hamann D, Roos MT, van Lier RA. Faces and phases of
human CD8 T-cell developmentmmunol Today. 1999;20:177-
180.

Miller AD. Cell-surface recepts for retroviruses and impli-
cations for gene transfelRroc Natl Acad Sci USA. 1996;93:
11407-11413.



AR A i A R B

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Labalette M, Leteurtre E, Themelle C, et al. Peripheral hu-

man CD8(+)CD28(+)T lymphocytes give rise to CD28(-) pro-57.

geny, but IL-4 prevents loss of

Immunol. 1999;11:1327-1336.

CD28 expressiomt

Hamann D, Baars PA, Rep MH, et al. Phenotypic and func58.

tional separation of memory and effector human CD8+ T
cells. J Exp Med. 1997;186:1407-1418.

Azuma M, Cayabyab M, Phillips JH, Lanier LL. Requirements59.

for CD28-dependent T cell-mediated cytotoxicity. Immunol.
1993;150:2091-2101.
Peters PJ, Borst J, Oorschit et al. Cytotoxic T lymphocyte

granules are secretory lysosomes, containing both perforin arfiD.

granzymes.JJ Exp Med. 1991;173:1099-1109.

Effros RB. Loss of CD28 expression on T lymphocytes: a
marker of replicative senescencBev Comp Immunol. 1997,
21:471-478.

Weekes MP, Wills MR, Mynard K, et al. Large clonal expan-
sions of human virus-specifienemory cytotoxic T lympho-
cytes within the CD57+Immunology. 1999;98:443-449.

Kern F, Ode-Hakim S, Vogt K, et al. The enigma of CD57+.
Clin Exp Immunol. 1996;104:180-184.

Fagnoni FF, Vescovini R, Mazda M, et al. Expansion of cy-
totoxic CD8+. Immunology. 1996;88:501-507.

Garcia KC, Teyton L, Wilson IA. Structural basis of T cell
recognition. Annu Rev Immunol. 1999;17:369-397.

Moss PA, Rosenberg WM, Bell. The human T cell receptor
in health and diseasénnu Rev Immunol. 1992;10:71-96.

Gorski J, Yassai M, Zhu Xet al. Circulating T cell reper-
toire  complexity in normal individuals and bone marrow
recipients analyzed by CDR3ize spectratyping. Correlation
with immune statusJ Immunol. 1994;152:5109-5119.

Pannetier C, Even J, Kourilsky P. T-cell repertoire diversity65.

and clonal expansions in normal and clinical samplesnu-
nol Today. 1995;16:176-181.

Arden B. Conserved motifs in T-cell
CDR2: implications for ligandand CD8 co-receptor binding.
Curr Opin Immunol. 1998;10:74-81.

Weekes MP, Wills MR, Mynard K, et al. Large clonal expan-
sions of human virus-specifietnemory cytotoxic T lympho-
cytes within the CD57+Immunology. 1999;98:443-449.

Zaia JA, Sissons JG, RiddeB8, et al. Status of Cytome-
galovirus Prevention and Treatment in 20Gfmatology (Am
Soc Hematol Educ Program). 2000;339-355.

Kuzushima K, Hoshino Y, Fujii K, et al. Rapid determination
of Epstein-Barr virus-specificCD8(+) T-cell frequencies by
flow cytometry. Blood. 1999;94:3094-3100.

Gillespie GM, Wills MR, Appay V, et al. Functional hetero-
geneity and high frequencies of cytomegalovirus-specific CD
8(+) T lymphocytes in healthy seropositive donods.Virol.
2000;74:8140-8150.

Weekes MP, Carmichael AJ, Wills MR, Mynard K, Sissons
JG. Human CD28-CD8+ T cells contain greatly expanded
functional virus-specific memory CTL clones.J Immunol.
1999;162:7569-7577.

Singhal S, Shaw JC, Ainsworth et al. Direct visualization
and quantitation of cytomegalous-specific CB+ cytotoxic
T-lymphocytes in liver transplant patientsTransplantation.
2000;69:2251-2259.

Risitano AM, Kook H, Zeng Wet al. Significance of oligo-
clonal and polyclonal expansion within CD8 and CD4 lympho-
cytes in aplastic anemia and paroxysmal nocturnal hemoglo-
binuria measured by VB CDRS3pectratyping and flow ctyo-
metry. Blood. In press.

Lamy T, Loughran TP, Jr. Current concepts: large granular
lymphocyte leukemiaBlood Rev. 1999;13:230-240.

Young NS. Acquired Aplastic AnemidAnnals of Internal
Medicine. In press.

Saunthararajah Y, Molldrem JIRivera M, et al. Coincident
myelodysplastic syndrome and c&ll large granular lympho-
cytic disease: clinical andpathophysiological featuresBr J

61.

62.

63.

64.

receptor CDR1 and66.

67.

68.

69.

70.

71.

72.

73.

74.

Haematol. 2001;112:195-200.

Go RS, Li CY, Tefferi A, Phyliky RL. Acquired pure red cell
aplasia associated with lymphojferative disease of granular
T lymphocytes.Blood. 2001;98:483-485.

van den BR, Boor PP, van Lochem EG, et al. Flow cytomet-
ric analysis of the Vbeta reqieire in healthy controlsCyto-
metry. 2000;40:336-345.

Matsutani T, Yoshioka T, Taua Y, et al. Quantitative analy-
sis of the usage of human T-cell receptor alpha and beta
chain variable regions by rewe dot-blot hybridizationMeth-

ods Mol Biol. 2000;134:81-101.

Dietrich PY, Caignard A, LimA, et al. In vivo T-cell clonal
amplification at time of acet graft-versus-host diseasBlood.
1994,84:2815-2820.

Kim G, Tanuma NKojima T, et al. CIR3 size spectratyping
and sequencing of spectratype-derived TCR of spinal cord T
cells in autoimmune encephalomyeliti$. Immunol. 1998;160:
509-513.

Kang JA, Mohindru M, Kang BS, Park SH, Kim BS. Clonal
expansion of infiltrating T cedl in the spinal cords of SJL/J
mice infected with Theiler's virus.J Immunol. 2000;165:583-
590.

Nakashima M, Kong YM, Davies TF. The role of T cells ex-
pressing TcR V beta 13 in autoimmune thyroiditis induced by
transfer of mouse thyroglobulmetivated lymphocytes: identifi-
cation of two common CDR3 motifClin Immunol Immuno-
pathol. 1996;80:204-210.

Hong J, Zang YC, Tejada-Simon MV, et al. A common TCR
V-D-J sequence in V beta 13.1 T cells recognizing an
immunodominant peptide of myel basic protein in multiple
sclerosis.J Immunol. 1999;163:3530-3538.

Luppi P, Zanone MM, Hyoty Het al. Restricted TCR V beta
gene expression and enterovirus infection in type | diabetes: a
pilot study. Diabetologia. 2000;43:1484-1497.

Dulphy N, Peyrat MA, Tieng Vet al. Common intra-articular
T cell expansions in patients witheactive arthritis: identical
beta-chain junctional sequencesd cytotoxicity toward HLA-
B27. J Immunol. 1999;162:3830-3839.

Mima T, Ohshima S, Sasai M, et al. Dominant and shared T
cell receptor beta chain variable regions of T cells inducing
synovial hyperplasia inrheumatoid arthritis.Biochem Biophys

Res Commun. 1999;263:172-180.

Goodall JC, Bledsoe P, GastJS. Tracking antigen-specific
human T lymphocytes in rheumatoid arthritis by T cell recep-
tor analysis.Hum Immunol. 1999;60:798-805.

Inada H, Yoshizawa K, Ota Mgt al. T cell repertoire in the
liver of patients with primary biliary cirrhosisHum Immunol.
2000;61:675-683.

Prinz JC, Vollmer S, Boehncke WH, et al. Selection of con-
served TCR VDJ rearrangemenits chronic psoriatic plaques
indicates a common antigefn psoriasis vulgaris.Eur J
Immunol. 1999;29:3360-3368.

Bour H, Puisieux I, Even J, el. T-cell repedire analysis in
chronic plaque psoriasis suggesan antigen-specific immune
response Hum Immunol. 1999;60:665-676.

Epperson DE, Margolis DA, McOlash L, Janczak T, Barrett
AJ. In vitro T-cell receptor V beta repertoire analysis may
identify which T-cell V beta failies mediate graft-versus-
leukaemia and graft-versus-thiosesponses after human leuco-
cyte antigen-matched siblingtem cell trasplantation. Br J
Haematol. 2001;114:57-62.

Kondo Y, Shiobara S, Nakao S. Identification of T-cell clones
showing expansion associated wignaft-vs-leukemia effect on
chronic myelogenous leukemia in vivo and in Vvitr&xp
Hematol. 2001;29:471-476.

Orsini E, Alyea EP, Schlossmdr, et al. Changes in T cell
receptor repertoire associatedith graft-versus-tumor effect
and graft-versus-host disease intigats with relpsed multiple
myeloma after donor lymphocyte infusioBone Marrow Trans-
plant. 2000;25:623-632.



sttt G AL T R b

75.

76.

Karadimitris A, ManavalanJS, Thaler HT, et al. Abnormal 77.
T-cell repertoire is consistenwith immune process underlying

the pathogenesis of paroxysmatocturnal hemoglobinuria.
Blood. 2000;96:2613-2620.

Nakao S, Takamatsu H, Yachie A, et al. Establishment of #8.
CD4+ T cell clone recognigg autologous hematopoietic
progenitor cells from a patient with immune-mediated aplastic
anemia.Exp Hematol. 1995;23:433-438.

Nakao S, Takami A, Takamatsu H, et al. Isolation of a T-cell
clone showing HLA-DRB1*0405-mg#ricted cytotoxicity for
hematopoietic cellsin a patient with aplastic anemid&lood.
1997;89:3691-3699.

Maciejewski JP, Follmann DiNakamura R, et al. Increased
frequency of HLA-DR2 in patide with paroxysmal nocturnal
hemoglobinuria and the PN&filastic aneima syndrome.Blood.

2001;98:3513-3519.



