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Expression pattern of T-cell-associated chemokine receptors and their chemokines

correlates with specific subtypes of T-cell non-Hodgkin lymphoma

Dan Jones, Carl O’'Hara, Madeleine D. Kraus, Antonio R. Perez—Atayde, Aliakbar Shahsafaei, Lijun Wu, and David M. Dorfman

Chemokine receptors mediate the migra-
tion of lymphocytes through the binding
of soluble ligands, and their expression is
differentially regulated in lymphocyte sub-
sets. The pattern of chemokine receptor
expression in T-cell non-Hodgkin lym-
phoma has not been previously studied.
Using a panel of mouse monoclonal
antibodies, we studied the immunohisto-
chemical expression of the Thl-associ-
ated chemokine receptor CXCR3 in 141
patients with T-cell lymphoma, and we
studied the receptors CCR4 and CCR5
and some of their ligands in a subset of
these tumors. Expression of CXCR3 was
typical of the smaller T cells in angioimmu-

noblastic lymphoma (15 of 18 patients),
angiocentric lymphoma (3 of 3 patients),
histiocyte-rich tumors (4 of 5 patients),
and unspecified T-cell lymphomas (17 of
39 patients). CXCR3 expression was seen
in only 1 of 15 patients with anaplastic
lymphoma kinase (ALK)-positive anaplas-
tic large-cell lymphoma. In contrast, all
ALK-positive tumors showed diffuse reac-
tivity for the Th2-associated receptor
CCR4 (5 of 5 patients). CCR4 expression
was also a consistent feature of the large-
cell transformation of mycosis fungoides.
CCR5 expression showed no  consistent
association with any T-cell tumor type.
The chemokines Mig (CXCR3 ligand),

TARC (CCR4 ligand), and MCP-2 (CCR5
ligand) were detected in intratumoral
blood vessels and histiocytes. Mig was
also coexpressed by a subset of CXCR3-
positive tumor cells in 6 of 20 lympho  mas.
MCP-2 was highly expressed in stromal
cells in 3 patients with nodal involvement by
cutaneous T-cell lym phoma. As with nor-
mal T-cell subsets, we demonstrated that
there is frequent differential expression
of chemokine receptors in T-cell tumors,
which may explain, in part, the distinctive
patterns of spread in different tumor
subtypes. (Blood. 2000;96:685-690)
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Introduction

Chemokines are soluble proteins that regulate leukocyte migratipaterials and methods

and activation through binding to transmembrane receptors differ-

entially expressed on lymphocyte subsets.has recently been aj T-cell tumors diagnosed at Brigham and Women's Hospital (Boston,
demonstrated that the expression pattern of chemokine receptorg i) in the past 10 years were included if material was available; additional
normal T-cell subsets correlates with the pattern of cytokingses were drawn from Boston Medical Center (Boston, MA), Washington
secretion in these cells. Specifically, the expression of the receptdrsversity Hospital (St Louis, MO), and Children’s Hospital (Boston, MA).
CCR3, CCR4, and CCR8 is associated with Th2-polarized T celagnosis was based on the revised European—-American lymphoma
expressing the cytokines, IL-4 and IL23.In contrast, CXCR3 (REAL) classification after examination of routinely stained histologic
expression is highest in cells with a predominant Th1 pattern §ﬁctions and a panel ofimmunohistochemical markers, including the B-cell
cytokine secretioR25CCRS is constitutively expressed in circulat-Ta7ker €D20 (L26) and the T-cell-associated markers CD3, CD45RO, and

ina memorv T cells and is differentially requlated on T-CeIfD43 (Leu22)l01If fresh tissue was available, additional immunostains for
g_ S y . . y reg he T-cell markers CD2, CD4, CD5, and CD8 were performed as previously
activation in response to different cytokines.

- described?! Our specific criteria for the diagnosis of anaplastic large-cell
To date, the classification of T-cell ymphoma has been largelymphoma and angioimmunoblastic lymphoma have been previously
based on morphologic or clinical critei&For example, mycosis publishedi213 Cases with a T-cell genotype and prominent vascular
fungoides (MF) and intestinal T-cell ymphoma are defined bas@diltration were regarded as angiocentric T-cell lymphoma. Predominant
on sites of involvement and can have a wide range of histologiomor cell size and presence of abundant admixed histiocytes (ie, Lennert
appearances. Other tumors, such as angioimmunoblastic lylstimphoma) were recorded for cases in the REAL category of peripheral
phoma, are largely defined by morphologic criteria. Some lyni=cell lymphoma, unspecified.
phoma types are defined by specific phenotypic criteria, such as’Immunoperoxi.dase studies were performed on formalin—fixed., paraffin-
the presence of HTLV-I in adult T-cell leukemia—lymphoma an8mbedded material (for CXCR3, CD30, CD134/0X40) after microwave

. . . antigen retrieval and on cryostat sections using antibodies directed against
of CD30 expression ALK) in anaplastic large-cell lymphoma. the chemokine receptors CCR4 (1G4LCRS (3A9)515CXCR3 (1C6)5-16

We report that several of the T-cell-associated chemoking ihe chemokines TARC(2D8)Mig (4G10), and MCP-2 (2D5Y’ and
receptors are differentially expressed in distinct subtypes of T-Celk activation markers CD134/0X40 (ACT35; Pharmingen, San Diego,
lymphoma and are correlated with the expression of other T-cejh) and CD30 (BerH2; DAKO, Carpinteria, CA). All antibodies directed
surface markers. against chemokine receptors were tested for specificity by the ability to
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stain to L1.2 stable transfectants expressing the target chemokine recepietuded most of the epidermotropic tumor cells and most lympho-
but not !_1..2transfectants expressing other chemo.kine ljecgptors. ~ cytes infiltrating the superficial dermis (Figure 3A). Two of 3

_Staystlcal analyses were performed on certain pairwise comparlsqg)?nph node biopsies from patients with MF showed numerous
using either Studertttest or Fisher exact test methods, dependingraalyzed CXCR3-positive tumors in the sinuses and interfollicular areas

sample size, using the StatDirect package (Camcode, Ashwell, UK). . ) P . ] ) . o
including morphologically atypical cells with cerebriform nuclei.

In MF that underwent large-cell transformation, CXCR3 reactivity
occurred only in small lymphocytes in the lymph nodes of 5 of 8

Results patients; the remaining patients were entirely negative for CXCR3
_ _ (data not shown). Thus, there was a highly significant association
Chemokine receptor expression between CXCR3 expression in low-grade MF but not in large-cell

CXCR3 has been previously demonstrated to be expressed in nit&asformation of MFR = .002).

circulating peripheral T cells. In normal lymph node and tonsil, We compared CXCR3 expression with immunohistochemical
numerous CXCR3-positive interfollicular T cells were noted bgxpression of 2 other T-cell-associated chemokine receptors,
immunohistochemistry, comprising 20% to 50% of the totaCCR4 and CCRS5, in 48 T-cell tumors for which we had frozen,
cellularity in these regions (Figure 1A). B cells, in the follicles andinfixed material available. In non-neoplastic lymph nodes and
mantle zone, were negative for CXCR3. We examined the expregnsil, CCR4 was expressed in the endothelium of most blood
sion pattern of CXCR3 in paraffin and cryostat sections of 14Jessels and in a small fraction of interfollicular T cells comprising
T-cell ymphomas of all histologic types. Sixty-six patients (47%}pproximately 1% of the overall cellularity (data not shown). By
showed CXCRS3 positivity in more than 5% of tumor cells, with 45mmunohistochemistry, CCR5 was predominantly expressed in
pgtients showing diffusg reactivity in _most tumor cells (Table 1}nqothelium and histiocytes and weakly expressed in a small
Diffuse CXCR3 expression was seen in the smaller T cells from 15, o1 of lymphocytes (data not shown). In contrast, a subset of
of .18 patl_ents W'th angnmmmunoblastlc Iymph_oma, in 3 9f 3I'-celltumors showed diffuse expression of CCR4 (19 of 48, 40%),
patients with angiocentric T cell ymphoma, and in 4 of 5 patlentéCR5 (10 of 31, 3296), or both (Table 1).

with histiocyte-rich T-cell ymphoma (Figure 1B,C). L . i, . .
We also examined patients with CD30-positive anaplasti The most striking finding was in ALK-positive ALCL, in which

large-cell lymphoma (ALCL) of T-cell or null lineage previouslyaﬁl 5 tumors test.ed showed diffuse positivity for CCR4 (Figure ZB):
'Fumor cells typically showed membrane and granular cytoplasmic

characterized by immunostaining for the ALK kinase. Nuclear™ ,, .
ALK1 immunohistochemical expression is a marker of the t(2;5§taln|ng patterns that resembled those seen in immunostains for

chromosomal translocation seen in a subset of patients with ALCgranular cytotoxic proteins such as TIA-1. CCR4 was positive in 3
ALK-positive ALCL was negative for CXCR3 in 14 of 15 patiemsofGALK-negatlve, noncutaneous anaplastic tumors. CCR5 expres-
(Figure 2C). Among noncutaneous ALK-negative ALCL tumorsSion was seen in 3 of 4 ALK-positive patients and in 1 of 6
CXCR3 expression was more variable, with 8 of 21 (38%) showinyLK-negative anaplastic tumors. Strong CCR4 positivity was
diffuse positivity. CXCR3 was diffusely positive in 2 of 5 patientpresent in 4 of 5 patients with nodal large-cell transformation of
with primary cutaneous ALCL, all of whom were ALK negative. MF (Figure 3C), with the remaining patient showing focal CCR4
Cutaneous T-cell lymphoma of the MF type showed strongactivity. In contrast, only 2 patients with epidermotropic cutane-
CXCR3 expression in 7 of 9 patients. CXCR3-positive cellsus lymphoma showed positive staining of tumor cells for CCR4.

Table 1. Expression pattern of T-cell-associated chemokine receptors and their ligands in T-cell ymphoma

CCR4/CXCR3
Tumor types CXCR3 CCR4 CCR5 coexpression Migt TARCt MCP-28§
Anaplastic large-cell ymphoma
ALK-positive 1/15 5/5 3/4
ALK-negative 8/21 3/6 1/6 2/6 1/5 0/3 0/5
Primary cutaneous 2/5 0/1
Angioimmunoblastic lymphoma 15/18 0/2 —
T-cell ymphoma, unspecified
Large-cell morphology 6/21 3/13 4/11 0/13 2/12 0/8 0/12
Mixed-cell morphology 10/13 1/2 0/2 3/3 0/4 0/4
Small-cell morphology/CLL 1/5 —
Histiocyte-rich (Lennert) 4/5 0/1 0/1 0/1 0/1
Angiocentric T-cell lymphoma 3/3 0/1 1/1
Mycosis fungoides 719 1/7 0/3
Mycosis fungoides in transformation 5/8* 5/5* — 2/5 1/4 0/4 0/4
Enteropathy-associated 0/2 — —
Adult T-cell lymphoma/leukemia 0/2 — —
T-lymphoblastic lymphoma 1/5 0/2 1/3
Other T-cell tumors|| 3/9 1/3 1/1 0/1 0/1

*Differential staining of the larger tumor cells for CCR4 and the smaller tumor cells for CXCR3 was seen in 2 patients.

1TStrong Mig immunostaining of histiocytes seen; blood vessels show variable Mig immunoreactivity.

FStrong TARC immunoreactivity seen in the muscularis/adventitia of (larger) blood vessels, with variably weak staining of histiocytes and dendritic cells.

§MCP-2 immunoreactivity was seen in blood vessels and nodal sinus lining cells and strongly seen in histiocytes and mononuclear cells of uncertain lineage in nodal
involvement by mycosis fungoides in 3 of 4 patients.

|Includes CD8-positive tumors (5) and difficult to classify cases.
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CXCR3. (A) Normal tonsil shows staining of approxi-
mately 50% of T cells in the interfollicular areas for A
CXCR3. B cells, in follicles and mantle zones, are
negative. (B) Angiocentric T-cell lymphoma of the lung
shows diffuse positivity for CXCR3 in the angioinvasive
component. (C) Histiocyte-rich T-cell (lymphoepithelioid)
lymphoma shows a mixture of predominantly small tumor
lymphocytes and numerous CD68-positive epithelioid
histiocytes (inset, left). Tumor cells are positive for CXCR3.
Histiocytes show strong expression of Mig (inset, right).

Figure 1. Expression of the chemokine receptor H&E - CXCR3

Both cases were unusual; 1 patient had the “slack-skin” variant patients with Mig staining of tumor cells also showed tumor
MF and a largely epidermotropic infiltrate of large, irregulaexpression of its receptor, CXCR3. MCP-2 immunostaining was
lymphocytes (Figure 3B), and the second patient had an unclassiidt seen in normal lymphocytes or in any T-cell tumors tested.
able CD8-positive tumor (data not shown). However, we noted increased MCP-2 expression in various stromal
cells in 3 of 4 patients with nodal involvement by MF (Figure 3D).
In only 1 of these patients were increased numbers of CCR5-
We also examined the immunohistochemical expression of higxpressing tumor cells present (data not shown).
affinity ligands for these chemokine receptors, including Mig,
which binds to CXCR3, TARC, which binds to CCR4, and MCP-
which binds to CCR5. Variable staining for all 3 chemokines w
seen in blood vessels and admixed histiocytes (Table 1). TAR¢SIng the same set of tumors, we previously reported that some
showed the strongest staining of the muscular/adventitial layer embers of the tumor necrosis factor (TNF) receptor gene family,
blood vessels and scattered stromal cells in lymph node ah@mely CD30 and CD134/0X40, are differentially expressed in
connective tissue of the dermis (Figure 2B inset and data not showhyzell lymphomal® Expression of these markers of activated T
Mig immunostaining was more variable and was abundanttells correlates with histologic tumor type (Table 1). For instance,
expressed in macrophages of histiocyte-rich T-cell tumors (Figubé.K-positive ALCL is uniformly CD30-positive but almost al-
1C inset). Mig expression was also seen in variable numbersweéys negative for CD134/0X40. In contrast, angioimmunoblastic
tumor cells in 6 of 21 patients with T-cell ymphoma, mostly thoséymphoma nearly always shows clusters of OX40-positive cells but
in the peripheral T-cell lymphoma, unspecified category. Athot CD30 expression in tumor cells.

Chemokine expression in T-cell tumors

igorrelation with expression of other surface activation markers

B ?. W W - ] DA © Figure 2. Chemokine receptor expression in ALCL.

"" __z o e g, - . (A) Tumor shows a diffuse infiltrate of anaplastic cells with
"v ".'e_j ; A > “w : . cytoplasmic and nuclear reactivity for ALK (inset). CD30
. oy o I ey g - " » was uniformly positive (not shown). (B) Immuno-

stain for CCR4 shows membrane and granular cytoplas-
mic reactivity in all tumor cells. Admixed small lympho-
cytes are negative. Immunostain for the CCR4 ligand
TARC shows staining of intratumoral blood vessels;
tumor cells are negative (inset). (C) Immunostain for
CXCR3is negative in tumor cells.

-
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Figure 3. Chemokine receptor expression in cutane-
ous lymphoma. (A) Patch-stage MF with an epidermo-
tropic and superficial dermal infiltrate showing CXCR3
- reactivity. CCR4 immunostain was negative (not shown).
~ (B) Cutaneous lymphoma with slack skin presentation
shows reactivity of the large epidermotropic tumor cells
for CCR4. CXCR3 immunostain was negative (not shown).
(C) Nodal large-cell transformation of MF. Large tumor
. cells show diffuse reactivity for CCR4; CXCR3 was
- positive only in admixed small lymphocytes (not shown).
(D) Increased MCP-2 in stromal cells in lymph node
~ involvement by MF. Interfollicular macrophages and non-
tumor mononuclear cells show MCP-2 expression in 4 of
4 patients with nodal involvement by low-grade MF.
Increased MCP-2 was not seen in nodal involvement by
transformed MF (not shown).

We compared our previous results for CD30 and CD134/OX4éxpression of these markers in 54 of 122 (44%) patients. Thus,
with those of the chemokine receptors. Coexpression of CD30 atietre was a highly significant association between the expression of
CCR4 was present in 8 of 11 patients with ALCL. Tumor cells inhese 2 markers overall in T-cell non-Hodgkin lymphonfa<t
the large-cell transformation of MF were also positive for bottD001). However, certain tumor types showed great variations in
CCR4 and CD30 in 4 of 5 patients. However, 4 CCR4-positivthe extent of expression of these markers. In AlL, CD134/0X40
non-anaplastic PTCLs were uniformly negative for CD30 (Figurend CXCR3 appeared to be expressed in nonidentical populations
4A inset). Considering all tumor types, CD30 and CCR4 weref lymphocytes within the tumor, based on a comparison of serial
coexpressed in most tumor cells in 13 of 44 patients (30%), asdctions (Figure 4C,D). OX40 was consistently expressed in the
neither was expressed in 19 of 44 patients (43%). Thus, there wasedplastic clusters of larger cells with clear cytoplasm characteris-
significant association between CD30 and CCR4 coexpressiontitof AIL (Figure 4C). In contrast, CXCR3 was more uniformly
T-cell tumors P = .04). expressed in the small- and intermediate-sized lymphocytes, possi-

In contrast, CD134/0X40 and CXCR3 were coexpressed in by representing reactive infiltrating T cells (Figure 4D).
of 18 patients with angioimmunoblastic lymphoma (AIL), 4 of 5 In ALK-positive ALCL, only 1 patient each expressed CD134
patients with histiocyte-rich T-cell tumors, and 3 of 3 patients withnd CXCR3. In ALK-negative ALCL, there was no significant
angiocentric T-cell ymphoma. Considering all tumor types, therrrelation between CD134/0X40 and CXCR3, with 5 patients
was more than 50% expression of CXCR3 and CD134/0X40 #ach expressing neither marker, CXCR3 alone, or CD134 alone,
tumor cells in 37 of 122 (30%) patients and no significaraind 6 patients expressing both. Similarly, among the nonanaplastic

A
e

- ‘-i s 7 5

Figure 4. Variability of chemokine receptor and TNF

receptor expression in nodal T-cell lymphoma. (A)
Nodal peripheral T-cell lymphoma with a predominant
large-cell morphology showing diffuse membrane and
cytoplasmic reactivity for CCR4 in most tumor cells.
CD30 immunostain is negative (inset). (B) Nodal periph- #
eral T-cell lymphoma with a predominant large-cell mor- -
phology showing diffuse reactivity for CXCR3; CD134/ "
OX40 immunostain was also diffusely positive (inset). (C, ‘-
D) Angioimmunoblastic T-cell lymphoma in lymph node. !
CD134/0X40 immunostain highlights clusters of OX40- *
positive larger tumor cells (C). CXCR3 immunostain is
diffusely positive in small- to intermediate-sized lympho-
cytes from the same biopsy (D). Large, clear cells are g *
variably positive.
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large cell tumors, there was no correlation noted between CXCR8s complexity, it is likely that the phenotype of the tumor cell
expression and that of CD134/0X40 (Figure 4B). These resuftepulation and cytokine expression pattern fluctuates over the
likely reflect the morphologic and immunophenotypic heterogeneeurse of the disease. Indeed, increased levels of IL-2, IL-4, &NF-
ity of these categories. and TNF8, soluble CD30, and interferop-have all been variably

reported in AIL/AILD 2528.2%0ur findings of distinct populations of

CD134-positive and CXCR3-positive populations of cells within

AlL is further evidence of tumor heterogeneity and shows that
Discussion these 2 receptors can be differentially regulated.

Each chemokine receptor typically binds a number of related

We present the immunohistochemical expression pattern ofcBemokines with varying affinity. This complexity makes identifi-
T-cell-associated chemokine receptors, CXCR3, CCR4, and CCRgiion of functionally relevant ligand-receptor interactions difficult.
in a large series of T-cell lymphoma of all types. CXCR3 is\g an initial step toward correlating receptor expression with
expressed in several tumor subtypes, including most cases of Ao okine sources, we performed immunostaining for a high-
histiocyte-rich T-cell tumors, and angiocentric T-cell lymphoma. l'&fﬁnity ligand for each of the studied receptors. In normal and

these tumors, the detection of CXCR3 is highly correlated with t%‘mor lymphoid tissues, Mig, TARC, and MCP-2 were all primar-
coexpression of the TNF receptor CD134/0X40. In contras I, '

" : o ) Jy localized to blood vessels and admixed histiocytes. We did not
ﬁ:géﬁssl:xeciécéﬁzcr}\:fs; r;z;?il;rr]l?sreﬁ;x;gozgscvagt ?]r;?vles &ote discernible differences in chemokine expression in the stromal
immature phenotype, namely Iymphoblastic lymphoma and ﬁ)mponent of different T-cell tumor subtypes in the small number
CLL were predomina'ntly negative for both CXCR3 and CCR4 of patients examined. Given the detection sensitivity of immunohis-

The expression patterns of ALK-negative anaplastic tumors ahcbchemlstry,.n is possible that some chemokines are expressed at
peripheral T-cell ymphoma of unspecified type are highly variabllgWer Ievel§ in other nodgl cell types. ) ) o
with regard to chemokine receptor expression, and there is no Correlation of chemokine expression with tumor localization is
obvious correlation with CD30 or CD134/0X40 expression. Thedurther complicated by the ability of 1 chemokine to bind multiple
findings provide additional evidence that these categories 4RSEPtOrs. Forinstance, the CCRS ligands RANTES, MiPahd

morphologically and immunophenotypically heterogeneous and §i°P-2 can also bind CCR1 or CCR2Therefore, identification
not correlate with a distinct T-cell phenotype. of an altered pattern of chemokine expression does not immedi-

In T-cell cultures and cell lines, expression of the chemokin%tely suggest a target receptor. This point is well illustrated by our

receptor CCR4 has been correlated with the Th2 phendtypé finding of increased MCP-2 expression in stromal cells in patients

Our finding of the preferential expression of CCR4 in CDBOWith nodal involvement by MF. CCRS, however, was not widely

o . L . xpressed in these tumors, suggesting functional interactions of
positive anaplastic tumors is intriguing given the frequent assoCiE i o
tion of CD30 expression in normal T cells with a Th2-|ikeMCP2 with the other binding partners, perhaps CCR2b present on

" T cells and histiocyted:
phenotype. Increased numbers of CD30-positive cells and elevate%ve noted expression of the chemokine Mig in a subset of tumor

levels of circulating soluble CD30 have been reported in prototypic ,, .
“Th2-type” inflammatory stated®2! This observation is hypoth- ceélls in some lymphomas that also expressed the receptor CXCR3.

. . . ol e previously noted this as a consistent finding in CXCR3-positive
esized to be r.elated to the |nduct|0n. of CD30 expression in T Ce#—cell CLL 16 Whether endogenously produced Mig functions to
after production of the Th2 cytokine IL%:23 The pattern of

Ki . h b I died deliver an autocrine signal in these tumors or, rather, to desensitize
cytokine expression in ALCL has not been well-studied. Howeveg, - cejis to exogenous stimulation through CXCR3 remains to

1 small study showed increased expression of Th2 cytokineng explored.

cutaneous ALCL by transcriptional analy$sBy demonstrating  gyerall, our results confirm the distinctive nature of most
CCR4 expression and lack of CXCRS3, our study provides eVidenFé’cognized subtypes of T-cell lymphoma that is correlated with
for the phenotypic similarity of ALK-positive ALCL to a Th2-like gypression patterns of both chemokine receptors and TNF recep-
T-cell population. tors. For instance, the expression of CD30 and CCR4, but not
Conversely, CXCR3 expression has been associated with Geth134/0X40 or CXCR3, is the typical phenotype of ALK-positive
lines and primary cultures polarized toward Th1 cytokine expregy c|_.13 Similarly, the expression of CD134 in large cells and
sion>8218Qur finding that AIL and histiocyte-rich T-cell lym- cxcR3 in smaller cells, but not CD30, appears to be characteristic
phoma highly express CXCR3 and CD134/0OX40 supports G AIL. In ALK-negative ALCL and the unspecified category of
Thi-like phenotype for these tumors. In this regard, increasedrcL, we have not yet identified distinct patterns of chemokine
levels of the Th1 cytokine interferon-gamma (produced by tumofaceptor or TNF receptor expression, suggesting that these are
associated macrophages) have been previously reported in a si@lbrogeneous entities. Studies with additional T-cell markers will
series of Lennert lymphontd. We also noted abundant Mig pe required before functional similarities between tumors within

production by admixed histiocytes, suggesting an important roljs undifferentiated category are recognized.
for this chemokine interaction with CXCR3 in tumor dissemination

or growth.

Angioimmunoblastic lymphoma is a complex tumor character-
ized by r_norphologic,_ immu_nophenotyp_ic, and genqtypic inStabi”tACknOWIedgments
and a high rate of histologic progressi&t®27Historically, early
stages of this tumor (often labeled AILD) have been regarded @& thank LeukoSite Incorporated (Cambridge, MA) for providing
pre-neoplastic or even reactive because occasional patients expdremokine receptor antibodies, Dr G. Pinkus for contributing
ence nonprogression or even regression without treatment. Givaases, and J. Ebel for preparing the manuscript.
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