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Abstract

Waldenstrom's macroglobulinemia (WM ) is a B-cell malignancy characterized by an IgM
monoclonal gammopathy and bone marrow (BM) infiltration with lymphoplasmacytic
cells (LPC). Excess mast cells (MC) are commonly present in WM, and provide growth
and survival signals to LPC through several TNF family ligands (CD40L, APRIL,
BLYS). As part of these studies, we demonstrated that WM LPC secrete soluble CD27
(sCD27), which is elevated in patients with WM (p<0.0009 versus healthy donors), and
serves as a faithful marker of disease. Importantly, sCD27 stimulated expression of
CD40L on 10/10 and APRIL on 4/10 BM MC samples obtained from WM patients as
well as on LAD2 MC. Moreover, the SGN-70 humanized monoclonal antibody which
binds to CD70 (the receptor-ligand partner of CD27), abrogated sCD27 mediated
upregulation of CD40L and APRIL on WM MC. Lastly, treatment of SCID-hu mice with
established WM using the SGN-70 antibody, blocked disease progression in 12/12 mice,
whereas disease progressed in all 5 untrested mice. The results of these studies
demonstrate a functional role for sCD27 in WM pathogenesis, along with its utility as a

surrogate marker of disease and atarget in the treatment of WM.
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I ntroduction

Waldenstrom's macroglobulinemia (WM) is a distinct B-cell lymphoproliferative
disorder characterized primarily by bone marow (BM) infiltration with
lymphoplasmacytic cells (LPC), along with demonstration of an IgM monoclonal
gammopathy’. This condition is considered to be lymphoplasmacytic lymphoma as
defined by the REAL and WHO classification systems.*>® An interesting feature of the
disease is the finding of increased number of mast cells (MC) in the BM of patients with
WM, most typically in association with LPC*’. This striking association has become
characteristic of WM, and is often widely used as a supportive basis for making the

diagnosis of WM?%3®,

Recently, we demonstrated that BM MC provide important growth and survival cues to
WM LPC through multiple TNF-family ligands including CD40L (CD154), A
Proliferation Inducing Ligand (APRIL), and B-lymphocyte stimulator factor (BLY S)**°.
Importantly, MC-induced expansion of WM LPC was inhibited by use of blocking
proteins to CD40L, APRIL and BLY S. Moreover, direct therapeutic targeting of BM MC
with alemtuzumab and imatinib mesylate have also resulted in remissions among patients

with WM 12,

While the above studies have shown that MC can induce WM cells through multiple
ligand-receptor signals, the mechanism(s) by which WM cells may potential facilitate

such supportive signaling through MC remains to be clarified. One potential pathway for
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WM-MC signaling is via CD70, a TNF-family member which is found on activated
lymphocytes, stromal cells of the thymic medulla and mature dendritic cells but which is
absent from other normal tissues including all vital organs™. CD70 has been shown to
play arole in B lymphocyte regulation though binding to CD27, a TNF-family member
expressed by thymocytes, natural killer, T, and B cells, including memory B-cells from
which WM LPC may have derived'**®. As such, we sought to establish the expression of

CD27 and CD70 in WM, and delineate their interactions between WM LPC and MC.
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Materials and M ethods

Approva for human studies was obtained from the Dana-Farber Cancer Institute IRB.
Informed consent was provided according to the Declaration of Helsinki.

Cell linesand cultures

BCWM.1 and LADZ cell lines were used in these studies. BCWM .1 isacell line derived
from an untreated patient with WM™, whereas the LAD2 cell line is a MC line derived
from a patient with untreated mast cell sarcoma®. Cells were maintained as previously
described™®?. Sorted lymphoplasmacytic cells (CD19") and mast cells (FceRI*, CD117%)

were obtained from consenting WM patients and isolated as previously described®*®%,

RT-PCR Analysis

Total RNA was extracted using RNase Mini Kit (Qiagen, Valencia, CA, USA). 0.3 ug of
RNA was reverse transcripted in a 20uL reaction by oligo-p-(dT)15 priming using
Superscript |11 reverse transcriptase according to the protocol provided by Invitrogen
(Carlshad, CA, USA). First-strand cDNA was synthesized using Superscript 111 reverse
transcriptase according to the protocol provided by Invitrogen. Two uL of first-strand
cDNA was used as template for PCR amplification. PCR was performed using the PTC-

200 DNA Engine Thermal Cycler (MJ Research Inc., Waltham, MA, USA).

Flow cytometric analysis
Direct immunofluorescence flow cytometric analysis was performed using a Coulter
Epics XL with data acquisition software (Cytomics FC500-CXP, Beckman Coulter,

Fullerton CA) as described previously®*®#. Peripheral blood mononuclear cells (PBMC)
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or natural killer (NK) cells treated with antibody alone or in combination were washed,
followed by dual immunostaining with specific anti-FITC-, or anti-phycoerythrin (PE)-
conjugated mAbs to CD27, CD70 (Beckman Coulter) or APRIL, BLY S or CD40L (R&D

Systems, Minneapolis MN).

ELISA analysisof WM patient serum
To evaluate cytokine production, 100 pl of patient or age matched healthy donor serum
was collected and analyzed for sCD27 by an ELISA kit per manufacturer’s instructions

(Bender Medsystems, Burlingame CA).

Functional Assaysfor sCD27

BCWM.1 LPC, LAD2 MC, as well as primary BM LPC and MC isolated from 10 WM
patients were cultured for 24-48 hours with recombinant human sCD27 (0.1-50 ng/mL).
Proliferation and apoptosis were assessed by tritiated thymidine analysis, and APO2.7
staining as before®'®?!, Changes in cell surface expression of APRIL, BLY S and CD40L
were determined by flow cytometric analysis following culture for 24 hours with sCD27
(10 ug/mL) in the presence or absence of the anti-CD70 human monoclonal antibody

SGN-70 (1 ug/mL) (Seattle Genetics, Bothell Washington)™.

Antibody-dependent cell-mediated cytotoxicity (ADCC) assays
WM target cells labeled with calcein-AM were co-cultured with normal donor NK cell
enriched peripheral blood mononuclear cells as before® at various E/T ratios for 2 hours

at 37°C in either medium alone or with SGN-70 (0-20 ug/mL). Following incubation
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with or without SGN-70, cells were centrifuged and absorbance in supernatants measured
by spectrophotometry. Percentage of specific lysis was calculated using the equation S, —
S/ M - § where S, to denote experimental lysis caused by antibody. S denotes
spontaneous lysis, and M is maximum cell lysis in Triton X-100. {(M — medium control
release) / (S— medium control release)} > 7 validated each experiment. Experiments were

performed at least twice.

M ouse model

WM SCID-hu mice were generated as previously described®. The mice were housed and
monitored in a VA Animal Research Facility. The Institutional Animal Care and Use
Committee approved all experimental procedures and protocols. Increasing levels of
circulating human paraprotein in mice serawere used to monitor tumor engraftment and
growth of BCWM.1 WM cells in SCID-hu mice. Mouse blood was collected from tail
vein, and sera were serially tested for circulating IgM, 1gG, and k and chain by enzyme-

linked immunosorbent assay (ELISA; Bethyl, Montgomery, TX).
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Results

Expression of CD27 and CD70in WM LPC and MC

We first sought to establish CD27 and CD70 expression on WM BM LPC and MC. By
reverse transcriptase polymerase chain reaction (RT-PCR) analysis, CD27 transcripts
were expressed in BM LPC from 7 of 7 WM patients and on the BCWM.1 WM cdll line
(Table 1). However, in contrast to the wide expression of CD27 transcripts by RT-PCR
analysis, cell surface expression of CD27 on BM LPC was observed on only 5/12 (42%)
WM patients, and was absent on BCWM.1 WM cdls. CD27 was less commonly
expressed on BM MC, with expression observed by RT-PCR and flow cytometric
analysis in 4/7 (52%) and 2/8 (25%) of WM patients, respectively but not in LAD2 mast
cells (Table 1). In contrast to the heterogeneous expression of CD27 on WM LPC and
MC, CD70 was found to be widely expressed on BM LPC and MC, as well as on
BCWM.1 WM and LAD2 MC by both RT-PCR and multicolor flow cytometric analysis

(Table 1).

Soluble CD27 in WM patients and healthy donors

In view of the above results demonstrating constitutive CD27 transcript expression in

WM LPC, but expression at the cell surface level in only a subset of patients, we next

sought to delineate if soluble sCD27 was produced by WM LPC. By ELISA, soluble
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CD27 was detectable in supernatants taken from BCWM.1 cells, which express CD27
transcripts by RT-PCR but are devoid of cell surface CD27 expression (data not shown).
Given these results, we next sought to determine if sSCD27 levels were elevated in
patients with WM, IgM monoclonal gammopathy of unknown significance (MGUS),
multiple myeloma (MM) as well as healthy donors. As shown in Figure 1, significantly
higher levels of sSCD27 were observed in the serum of patients with active WM (n=67,
median 120.1, range 27.2-626.2 U/mL) and IgM MGUS (n=3, median 71.3, range 51.3-
156.7 U/mL) versus age matched healthy donors (n=16, median 45.7, range 24.7-87.7
U/mL); p=0.0009, and 0.01 for comparison by student’s t-test of sCD27 levels in WM
and IgM MGUS patients versus healthy donors, respectively. In contrast, SCD27 levels
for MM patients with active disease (n=25, median 54.2, range 32.3-87.7 U/mL) did not

differ from those observed in healthy donors (p=0.2).

Soluble CD27 as a mar ker of disease burdenin WM

We next investigated if SCD27 served as a marker of disease burden in patients with
WM. Soluble CD27 levels were serially measured in 31 patients whose clinical outcomes
(responder, stable disease, or progressive disease) were determined using consensus panel
criteria based on concurrently measured changes in serum IgM levels®. As shown in
Figure 2, changes in sCD27 levels paraleled those of serum IgM levels in all outcome
categories, and highly correlated to seria changes in serum IgM levels (r= 0.9760;

p<0.0001 by Pearson’s correlation test).
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Sequence analysisof CD27 and CD70in WM

As part of studies delineating CD27-70 interactions in WM, we sequenced CD27 and
CD70 from genomic DNA isolated from BM LPC and MC isolated from 15 WM
patients. All exons with flanking intronic regions were sequenced on both strands. These
studies demonstrated no novel sequence variants in CD27 and CD70 when compared to
consensus sequences (NCBI human genome build 36.2) and all known polymorphisms

appeared at their expected frequency with normal distribution.

Functional role of soluble CD27 in WM

To define a functional role for sSCD27-CD70 interactions in WM, we cultured BCWM.1
(CD27'CD70") WM cdlls, LAD2 (CD27 CD70") MC, as well as primary BM LPC and
MC (CD70") isolated from WM patients with recombinant human sCD27 (0.1-50
ug/mL). We observed no direct effect of sSCD27 on the proliferation of BCWM.1 and
LAD2 cells (as assessed by tritiated thymidine analysis) nor on the induction of direct
apoptosis (as assessed by APO2.7 staining) on BCWM.1 and LAD2 cells as well as BM
LPC and MC from 10 WM patients (Figure 3). However, as shown in Figure 3, culture
of LAD2 MC as well as primary MC with sCD27 from 10/10 and 4/10 WM patients
resulted in marked up-regulation of CD40L and APRIL, respectively. Importantly, SGN-
70 (1 ug/mL), a CD70 directed monoclonal antibody which blocks CD27-CD70
signaling, abrogated sCD27 up-regulation of CD40L and APRIL (Figure 4). In contrast,

we observed no changes in levels of BLYS on either WM MC or LPC, nor changes in

10
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CD40L or APRIL levels on CD70 expressing WM LPC following sCD27 stimulation

(data not shown).

Direct targeting of WM LPC by the CD70 directed human monoclonal antibody

SGN-70.

We next assessed the SGN-70 monoclonal antibody for its ability to kill WM LPC by
direct induction of apoptosis, by complement dependent cytotoxicity (CDC), and through
antibody-dependent cell-mediated cytotoxicity (ADCC). We did not observe induction of
apoptosis nor CDC activity for SGN-70 against BCWM.1 LPC at dose levels up to 20
po/mL (data no shown). However, as shown in Figure 5, SGN-70 mediated robust dose-
dependent ADCC activity against BCWM.1 cells. We further evaluated the therapeutic
potential of SGN-70 in an in vivo WM modéd utilizing SCID-hu mice bearing BCWM.1
cells. SCID-hu mice were engrafted with BCWM.1 cells and treated with the SGN-70
antibody after demonstrating progressive WM, as assessed by seria increases in human
IgM and sCD27 serum levels. Treatment of WM SCID-hu mice every other day with
SGN-70 (1 mg/kg, intraperitoneally) blocked disease progression, as assessed by seria
human IgM and sCD27 serum levels in 12 of 12 mice, whereas disease continued to

progressin all 5 of 5 untreated mice; p=0.0002 by Fisher’s exact test (Figure 6).

11
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Discussion

The results of these studies demonstrate an important role for sCD27-CD70 signaling
among BM LPC and MC in WM, and demonstrate a novel mechanism of action for
SCD27 as aregulator of two principal TNF family members (APRIL and CD40L) whose
role as growth and survival factors has previously been established by us and others in
WM and other B-cell malignancies. Additional to its functional role, these studies also
suggest that sCD27 may serve as a faithful marker of disease in patients with WM.
Notably, our data also suggest that targeting CD70 and sCD27-CD70 interactions may
produce important clinical benefits for patients with WM, and possibly other B-cell
malignancies such as chronic lymphocytic leukemia (CLL), and Hodgkin’s disease (HD),
as well as autoimmune related disorders wherein either elevated sCD27 |levels have been
reported®® or the presence of excess MC has been observed in association with
lymphoid aggregates®**. Investigation, therefore, of arole for sSCD27-CD70 interactions

among lymphocytes and MC in these disorders would appear warranted.

It remains unclear at present whether the high levels of SCD27 detected in WM patientsis
aresult of a malignant event, or part of a normal homeostatic mechanism for control of
LPC expansion. Normally CD27 is expressed on the cell surface of memory B-cells from
which WM is thought to derive. However, in WM, CD27 is heterogeneously expressed,
and more often is absent on the cell surface of WM LPC"***’. Both APRIL and CD40L

play important roles in normal LPC differentiation, and it remains plausible that their

12
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expression on MC (and possibly other regulatory cells) are induced by sCD27 as a

normal countermeasure to curtail LPC expansion by inducing their differentiation.

Therelease of SCD27 by CLL cells through the action of matrix metalloproteases (MMP)
has been suggested in one report®. It remains possible that over-expression of MMP may
contribute to the cell surface loss of CD27 and subsequent release of sCD27 in WM.
Investigation for arole of MMP in modulating sSCD27 release is therefore warranted asis

also the potential therapeutic role of MMP inhibitors.

The lack of cell surface CD27 observed in this and other studies of LPC in most patients
with WM"***® may also have important implications for the deregulation of LPC
homeostasisin WM. Upon binding of CD70 to CD27, the pro-apoptotic adaptor proteins
SIVA-1, and SIVA-2 bind to the intercellular domain of CD27 and trigger apoptosisviaa
caspase dependent mitochondrial pathway®*>". The loss of cell surface expression of
CD27, or inhibition of CD70 signaling by tumor released sCD27, or loss of SIVA-1 and
SIVA-2 may represent pathways by which normal homeostasis of LPC is lost in WM,
Our sequencing studies did not detect any variants in CD27 to suggest that a solubilized
form of this molecule resulted from mutation inducing truncation of this protein.
However, it does remain possible that post-transcriptional or post-trandational events
may dtill be shifted as an epigenetic malignant phenomenon resulting in the
overproduction of sCD27. Investigation into these potential mechanisms of WM

pathogenesisis currently ongoing in our laboratory.

13
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Additional investigation is also warranted to uncover the detailed molecular mechanisms
underlying the upregulation of CD40L and APRIL by sCD27 on mast cells. Recent work
has shown that CD70 activates the Ptdins-3 kinase, NFxB, protein kinase B and Erk
MAP kinase pathways'®*. CD70 signaling affects cell cycle entry and progression in
activated B cells and impedes plasma cell differentiation and 1gG production in response
to hapten—protein conjugates in vivo™®. Signaling through CD70 on WM mast cells by
sCD27 resulted in the upregulation of CD40L and APRIL; yet, this CD70 specific
upregulation was not observed in WM LPCs. This implies that there may be different
signaling properties for CD70 between WM LPCs and mast cells, or potentially an
inhibitory network in WM LPCs. Moreover, our lack of observation of a proliferative or
survival effect of SCD27 on CD70 expressing WM LPC may also reflect the lack of other
co-stimulatory signals such as CD40L as suggested by the studies of Arens et al®.
Further studies to characterize a direct functional role for sSCD27 on WM LPC are

underway in our laboratory.

Lastly, the results of this study suggest that disruption of the CD27-CD70 signaling
pathway may yield important clinical benefits for patients with WM, and possibly in
patients with other malignancies and autoimmune disorders in which sCD27-CD70
interactions may have a pathogenic role. Use of the SGN-70 monoclonal antibody, which
isin early clinical development™, blocked disease progression in SCID-hu mice with
established WM. The mechanism(s) by which SGN-70 blocked disease progression in the
SCID-hu WM mouse may be multifactorial (i.e. immunological and biological) and

further studies to characterize its in vivo activity model are needed. ADCC or CDC

14
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activity or some other immune effector function (i.e. phagocytosis) may be possible as
suggested by our previous studies using rituximab in this mouse model® as is also
blockade of sCD27-CD70 interactions. We propose in future experiments to use anti-

SGN-70 Fab fragmentsin SCID-hu mice to further clarify this point.
In summary, the results of these studies suggest a functional role for sCD27 in WM

pathogenesis, along with its utility as a surrogate marker of disease and a potential target

for the development of therapeutics for WM.

15


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

Acknowledgements

Supported by the Peter and Helen Bing Fund for Waldenstrom’s macroglobulinemia, the
Edward and Linda Nelson Fund for Trandational Studiesin WM, the Bailey Family Fund
at the Dana Farber Cancer Ingtitute, and a National Institutes of Health Career

Development Award (K23CA087977-03) to SPT.

Authorship

AWH, EH, ARB, ZRH, XL, OT, LX, KO, performed basic science experiments
including ELISA assays, flow cytometry, RT-PCR. AWH, DDS, MC performed animal
studies. CJP, JS and RIM provided clinical correlative data. JAM, CLL, ISG provided
SGN-70, and supported therapeutic antibody studies. NCM, SPT oversaw research. SPT

analyzed data and wrote manuscript.

Conflict of Interest Disclosure: 1SG, JAM and CLL are paid employees of Seattle

Genetics, Inc, manufacturer of SGN-70.

16


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

References

1. OwenRG, Treon SP, Al-Katib A, FonsecaR, Greipp PR, McMaster ML, MorraE,
PangalisGA, San Miguel JF, Branagan AR, DimopoulosMA. Clinicopathological
definition of Waldenstrom's  macroglobulinemiaz  Consensus  Panel
Recommendations from the Second International Workshop on Waldenstrom’s

macroglobulinemia. Semin Oncol 2003; 30: 110-115.

2. Harris NL, Jaffe ES, Stein H. A revised European-American classification of
lymphoid neoplasms: a proposal from the International Lymphoma Study Group.

Blood. 1994; 84:1361-1392.

3. Harris, NL, Jaffe ES, Diebold J, et a. World Health Organization classification of

neoplastic diseases of the hematopoietic and lymphoid tissues: report of the

Clinical Advisory Committee meeting- Airlie House, Virginia, November 1997. J

Clin Oncol 1999; 17:3835-3849.

4. Tischendorf W, Hartmann F. Waldenstrém’s macroglobulinemia associated with

hyperplasia of the tissue mast-cells. Acta Hematol. 1950;4;374-383.

5. Waldenstrom J. Macroglobulinaemia. Acta Haematol. 1958; 20:33-39.

17


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

6. Wilkins BS, Buchan SL, Webster J, Jones DB. Tryptase-positive mast cells
accompany lymphocytic as well as lymphoplasmacytic lymphoma infiltrates in

bone marrow trephine biopsies. Histopathology 2001; 39:150-155.

7. San Miguel JF, Vidriales MB, Ocio E, Mateo G, Sanchez-Guijo F, Sanchez ML,
Escribano L, Barez A, Moro MJ, Hernandez J, Aguilera C, Cudlo R, Garcia-
Frade J, Lopez R, Portero J, Orfao A. Immunophenotypic analysis of

Waldenstrom's macroglobulinemia. Semin Oncol 2003; 30:187-195.

8. Ditzdl Santos D, Tournilhac O, Xu Lian, Hatjiharris E, Hunter Z, Branagan AR,
Manning R, Anderson KC, Grewal |, Treon SP. B-Lymphocyte Stimulator Protein
(BLYYS) is expressed by bone marrow mast and lymphoplasmacytic cells in
Waldenstrom’'s macroglobulinemia, and provides signaling for growth, survival

and IgM secretion. Blood 2004; 104: 917a.

9. Tournilhac O, Ditzel Santos D, Xu Lian, Kutok J, Tai YT, Le Gouill S, Catley L,
Hunter Z, Branagan A, Anderson KC, Treon SP. Mast cells in Waldenstrom's
macroglobulinemia  support  lymphoplasmacytic  cell  growth  through

CD154/CD40 signaling. Ann Oncol 2006; 17:1275-82.

10. Ho A W, Hatjiharissi E, Branagan A, Hunter Z, McEarchern J, Law C, Grewal IS,

Santos DD, Tai Y, Treon SP. Therapeutic targeting of CD70 and CD27-CD70

18


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

interactions with the monoclonal antibody SGN-70 in Waldenstrom's

macroglobulinemia. Proc ASCO 2006; 24:102S.

11. Hunter ZR, Boxer M, Kahl B, Patterson CJ, Soumerai JD, Treon SP. Phase Il
study of alemtuzumab in lymphoplasmacytic lymphoma: Results of WMCTG

trial 02-079. Proc ASCO 2006; 24: 427S.

12. Soumerai JD, O'Connor KE, loakimidis LM, Patterson CJ, Ciccarelli BT, Leduc
R, Hunter ZR, Nelson M, Roccaro AM, Leleu X, Hatjiharissi E, Adamia S, Xu L,
hobrial IM, Treon SP. Imatinib mesylate (Gleevec®) produces responses in
patients with relapsed/refractory Waldenstrom’s Macroglobulinemia. Blood 2007;

abstract in press.

13. McEarchern JA, Oflazoglu E, Francisco L, McDonagh CF, Gordon KA, Stone I,
Klussman K, Turcott E, van Rooijen N, carter P, Grewal 1S, Wahl AF, Law CL.
Engineered anti-CD70 antibody with multiple effector functions exhibits in vitro

and in vivo antitumor activities. Blood 2007; 109:1185-92.

14. Hunter Z, Branagan AR, Ditzd Santos D, Tournilhac O, Hatihariss, Xu L,

Manning R, Treon SP. High levels of soluble immunoregulatory receptors in

patients with Waldenstrom’ s macroglobulinemia. Blood 2004; 104:303b.

19


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

15. Jacquot S. CD27/CD70 interactions regulate T dependent B cell differentiation.

Immunol Res 2000; 21: 23-30.

16. Arens R, Nolte MA, Tesselaar K, Heemskerk B, Reedquist KA, van Lier RA' W,
van Oers M H J. Signaling through CD70 regulates B cell activation and 1gG

production. J Immunol 2004; 173: 3901-8.

17. Sahota SS, Forconi F, Ottensmeier CH, Provan D, Oscier DG, Hamblin TJ, et al.
Typical Waldenstrom macroglobulinemia is derived from a B-cell arrested after
cessation of somatic mutation but prior to isotype switch events. Blood

2002;100:1505—7.

18. Kriangkum J, Taylor BJ, Treon SP, Mant MJ, Belch AR, Pilarski LM.
Clonotypic IgM V/D/J sequence analysis in Waldenstrom macroglobulinemia
suggests an unusual B-cell origin and an expansion of polyclonal B cells in

peripheral blood. Blood 2004; 104:2134-42.

19. Santos DD, Ho AW, Tournilhac O, Leleu X, Hatjiharris E, Leleu X, Xu L,
Tassone P, Neri P, Hunter ZR, Chemay MA, Branagan AR, Manning RJ,
Patterson CJ, Moreau AS, Ciccardli B, Adamia S, Kriangkum J, Kutok JL, Tai
YT, Zhang J, Pilarski LM, Anderson KC, Munshi N, and Treon SP. Establishment
of BCWM.1 cell line for Waldenstrom’'s Macroglobulinemia with productive in

vivo engraftment in SCID-hu mice. Exp Hematol 2007; 35: 1366-75.

20


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

20.

21.

22.

23.

Kirshenbaum AS, Akin C, Wu Y, Rottem M, Goff JP, Beaven MA, Rao VK,
Metcalfe DD. Characterization of novel stem cell factor responsive human mast
cell lines LAD 1 and 2 established from a patient with mast cell
sarcoma/leukemia; activation following aggregation of FceRI or FcyRI. Leuk Res

2003; 27:677-82.

Santos DD, Hatjihariss E, Tournilhac O, Chemaly MZ, Leleu X, Xu L, Patterson
C, Branagan AR, Manning RJ, Ho AW, Hunter ZR, Dimmock EA, Kutok JL,
Churchill WH, Castells MC. CD52 is expressed on human mast cells and is a
potential therapeutic target in Waldenstrom’s macroglobulinemia and mast cell

disorders. Clin Lymph Myeloma 2006; 6:478-83.

Tassone P, Neri P, Kutok JL, Tournilhac O, Santos DD, Hatjihariss E, Munshi V,
Venuta S, Anderson KC, Treon SP, Munshi NC. A SCID-hu in vivo modd of

human Waldenstrom’ s macroglobulinemia. Blood 2005; 106:1341-5.

Kimby E, Treon SP, Anagnostopoulos A, Dimopoulos M, Garcia-Sanz R, Gertz
MA, Johnson S, LeBlond V, Fermand JP, Maloney DG, Merlini G, Morel P,
Morra E, Nichols G, Ocio EM, Owen R, Stone MJ, Blade J. Update on
recommendations for assessing response from the Third International Workshop

on Waldenstrom’ s macroglobulinemia. Clin Lymphoma Myeloma 2006; 6:380-3.

21


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

24,

25.

26.

27.

28.

29.

van Oers MH, Pals ST, Evers LM, van der Schoot CE, Koopman G, Bonfrer JM,
Hintzen RQ, von dem Borne AE, van Lier RA. Expression and release of CD27 in

human B-cell malignancies. Blood 1993; 82: 3430-6.

Serum soluble CD27, but not thymidine kinase, is an independent prognostic
factor for outcome in indolent non-Hodgkin's lymphoma. Tumour Biol 2003; 24:

53-60.

Ranheim EA, Cantwell MJ, Kipps TJ. Expression of CD27 and its ligand CD70

on chronic lymphocytic leukemia cells. Blood 1995; 85: 3556-65.

Wideny D, Gundapp G, Said JW, van der Mejden M, Bonavida B, Demidem A,
Trevisan C, Taylor J, Detels R, Martinez-Maza O. Aberrant expression of CD27
and soluble CD27 in HIV infection and in AIDS associated lymphoma. Clin

Immunol 1999; 93: 114-23.

Tak PP, Hintzen RQ, Tuenissen JJ, Smeets TJ, Daha MR, van Lier RA, Kluin
PM, Meinders AE, Swaak AJ, Breedveld FC. Expression of the activation antigen

CD27 in rheumatoid arthritis. Clin Immunol Immunopathol 1996; 80: 129-38.

Font J, Pallares L, Martorell J, martinez E, gaya A, Vives J, Ingelmo M. Elevated

soluble CD27 levels in serum of patients with systemic lupus erythematosus. Clin

Immunol Immunopathol 1996; 81: 239-43.

22


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

30.

31.

32.

33.

Gattorno M, Prigione |, Vignola S, Falcini F, Chiesa S, Morandi F, Picco P,
Buoncompagni A, Martini A, Pistoia V. Levels of soluble CD27 in sera and
synovia fluid and its expression on memory T cells in patients with juvenile

idiopathic arthritides. Clin Exp Rheumatol 2002; 20: 863-6.

Prokocimer M, Polliack A. Increased bone marrow mast cells in preleukemic
syndromes, acute leukemia and lymphoproliferative disorders. Am J Clin Pathol

1981, 75:35-38.

Molin D, Fischer M, Xiang Z, Larsson U, Harvima |, Venge P, Nilsson K,
Sundstrom C, Enblad G, Nilsson G. Mast cells express functional CD30 ligand
and are the predominant CD30L-positive cells in Hodgkin's disease. Br J

Haematol 2001; 114:616-623.

Molin D, Edstrom A, Glimelius I, Glimelius B, Nilsson G, Sundstrom C, Enblad
G. Mast cdll infiltration correlates with poor prognosis in Hodgkin's lymphoma.

Br JHaematol 2002; 119:122-124.

. Ribatti D, Vacca A, Nico B, Quondamatteo F, Ria R, Minischetti M, Marzullo A,

Herken R, Roncali L, Dammacco F. Bone marrow angiogenesis and mast cell
density increase simultaneously with progression of human multiple myeloma. Br

J Cancer 1999; 79:451-5.

23


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org at Harvard Libraries on November 7, 2008. For personal use only.

35.

36.

37.

38.

39.

Kato K, Chu P, Takahashi S, Hamada H, Kipps TJ. Metalloprotease inhibitors
block release of soluble CD27 and enhance the immune stimulatory activity of

chronic lymphocytic leukemia cells. Exp Hematol 2007; 35:434-42.

Prasad KVS, Ao Z, Yoon Y, et al. CD27, amember of the tumor necrosis receptor
family, induces apoptosis and binds to Siva, a proaptotic protein. PNAS USA

1997; 94: 6346-51.

Py B, Slomianny C, Auberger P, Petit PX, Benichou S. Siva-1 and an alternative
splice form lacking the death domain, Siva-2, smilarly induce apoptosis in T
lymphocytes via a caspase-dependent mitochondrial pathway. J Immunol 2004;

172: 4008-17.

Hatjihariss E, Adamia S, Cao Y, Ciccareli BT, Xu L, Treon SP. Novel splice
variant transcript of SIVA in Waldenstrom's macroglobulinemia. Hematologica

2007; 92:93.

Ramakrishnan, P., Wang, W. & Wallach, D. Receptor-specific signaling for both

the alternative and the canonical NF-kappaB activation pathways by NF-kappaB-

inducing kinase. Immunity 2004; 21: 477-89.

24


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl



http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

























