
PURPOSE: Overexpression of Bcl-2 protein has been obsd. in more than 80% of B-cell lymphomas, including diffuse large cell 
lymphoma (DLCL), the most common subtype of non-Hodgkin's lymphoma.  We have previously employed the natural product 
(-)-gossypol to test its therapeutic potential as a small-mol. inhibitor of Bcl-2 for the treatment of B-cell lymphomas.  Exptl. Design: 
Recently, we have used a structure-based strategy to design a new class of potent small-mol. inhibitor acting on Bcl-2.  One such lead 
compd. is the benzenesulfonyl deriv. TW-37, which was designed to target the BH3-binding groove in Bcl-2 where proapoptotic Bcl-2 
proteins, such as Bak, Bax, Bid, and Bim bind.  RESULTS: In our fluorescence polarization-based binding assays using recombinant 
Bcl-2, Bcl-XL, and Mcl-1 proteins, TW-37 binds to Bcl-2, Bcl-XL, and Mcl-1 with Ki values of 290, 1,110 and 260 nmol/L, resp.  Hence, 
TW-37 is a potent inhibitor of Bcl-2 and has >3-fold selectivity over Bcl-XL.  In vitro, TW-37 showed significant antiproliferative effect 
in a de novo chemoresistant WSU-DLCL2 lymphoma cell line and primary cells obtained from a lymphoma patient with no effect on 
normal peripheral blood lymphocytes.  Coimmunopptn. expts. showed that TW-37 disrupted heterodimer formation between Bax or 
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Glucocorticoids have been used widely in conjunction with cancer therapy due to their ability to induce apoptosis in hematol. cells and 
to prevent nausea and emesis.  However, recent data including ours, suggest induction of therapy-resistance by glucocorticoids in 
solid tumors, although it is unclear whether this happens only in few carcinomas or is a more common cell type specific phenomenon.  
We performed an overall statistical anal. of our new and recent data obtained with 157 tumor probes evaluated in vitro, ex vivo and in 
vivo.  The effect of glucocorticoids on apoptosis, viability and cell cycle progression under diverse clin. important questions was 
examd.  New in vivo results demonstrate glucocorticoid-induced chemotherapy resistance in xenografted prostate cancer.  In an 
overall statistical anal. we found glucocorticoid-induced resistance in 89% of 157 analyzed tumor samples.  Resistance is common for 
several cytotoxic treatments and for several glucocorticoid-derivs. and due to an inhibition of apoptosis, promotion of viability and cell 
cycle progression.  Resistance occurred at clin. achievable peak plasma levels of patients under anti-emetic glucocorticoid therapy 
and below, lasted for a long time, after one single dose, but was reversible upon removal of glucocorticoids.  Two nonsteroidal 
alternative anti-emetic agents did not counteract anticancer treatment and may be sufficient to replace glucocorticoids in cotreatment 
of carcinoma patients.  These data demonstrate the need for prospective clin. studies as well as for detailed mechanistic studies of 
GC-induced cell-type specific pro- and anti-apoptotic signaling.
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The incidence of non-Hodgkin's lymphoma (NHL) has been increasing and is now the leading cause of death in males aged 15-54.  
Diffuse large cell lymphoma (DLCL) is the most common subtype of NHL.  These cells are notable for the high expression of the 
transcription factor nuclear factor kappa beta (NF-κB), raising the possibility that constitutive activation of the NF-κB pathway may 
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Purpose: Glucocorticoids, such as prednisone, hydrocortisone, and dexamethasone, are known to produce some clin. benefit for 
patients with hormone-refractory prostate cancer (HRPC).  However, the underlying mechanisms by which glucocorticoids affect 
HRPC growth are not well established as yet.  Here, we hypothesize that the therapeutic effect of glucocorticoids on HRPC can be 
attributed to a direct inhibition of angiogenesis through the glucocorticoid receptor by down-regulating two major angiogenic factors, 
vascular endothelial growth factor (VEGF) and interleukin-8 (IL-8).  Exptl. Design: The effects of dexamethasone on VEGF and IL-8 
expression and cell proliferation were examd. using DU145, which expresses glucocorticoid receptor.  The effects of dexamethasone 
on DU145 xenografts were detd. by analyzing VEGF and IL-8 gene expression, microvessel d., and tumor vol.  Results: 
Dexamethasone significantly down-regulated VEGF and IL-8 gene expression by 50% (P < 0.001) and 89% (P < 0.001), resp., and 
decreased VEGF and IL-8 protein prodn. by 55% (P < 0.001) and 74% (P < 0.001), resp., under normoxic condition.  Similarly, 
hydrocortisone down-regulated VEGF and IL-8 gene expression.  The effects of dexamethasone were completely reversed by the 
glucocorticoid receptor antagonist RU486.  Even under hypoxia-like conditions, dexamethasone inhibited VEGF and IL-8 expression.  In 
DU145 xenografts, dexamethasone significantly decreased tumor vol. and microvessel d. and down-regulated VEGF and IL-8 gene 
expression, whereas dexamethasone did not affect the in vitro proliferation of the cells.  Conclusion: Glucocorticoids suppressed 
androgen-independent prostate cancer growth possibly due to the inhibition of tumor-assocd. angiogenesis by decreasing VEGF and 
IL-8 prodn. directly through glucocorticoid receptor in vivo.
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chemotherapy may prove an effective strategy in the treatment of B-cell lymphoma.

truncated-Bid and antiapoptotic proteins in the order Mcl-1 > Bcl-2 >> Bcl-XL.  As expected, TW-37 caused apoptotic death.  
Pre-exposure of lymphoma cells to TW-37 significantly enhanced the killing effect of 
cyclophosphamide-doxorubicin-vincristine-prednisone (CHOP) regimen.  The max. tolerated dose of TW-37 in severe combined 
immunodeficient (SCID) mice was 40 mg/kg for three i.v. injections when given alone and 20 mg/kg, x3 when given in combination with 
CHOP.  Using WSU-DLCL2-SCID mouse xenograft model, the addn. of TW-37 to CHOP resulted in more complete tumor inhibition 
compared with either CHOP or TW-37 alone.  CONCLUSIONS: We conclude that the administration of TW-37, as a potent Bcl-2 and 
Mcl-1 inhibitor, to std.
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 However, significant cleavage of the preapoptotic marker poly(ADP-ribose) polymerase was not recorded, and the 
percentage of apoptotic cells detected by flow cytometry increased only slightly (.apprx.8%) after 96 h of bryostatin 1 
exposure.  The in vitro and in vivo results emphasize the superiority of combining bryostatin 1 with the CHOP regimen 
against the WSU-DLCL2 model.  One possible mechanism may be the modulatory effects of bryostatin 1 on the 
Bax:Bcl-2 family of apoptosis-regulatory proteins.  The use of this combination should be further explored clin. in the 
treatment of lymphoma.

The incidence of non-Hodgkin's lymphoma has been increasing at a rate of 4% per yr since 1950; more than 62,000 cases will be 
diagnosed in the United States in 2000.  Diffuse large cell lymphoma (DLCL) is the prototype of curable non-Hodgkin's lymphoma.  
Empirically designed chemotherapy regimens did not increase the cure rate of 30-40% achieved by the original four-drug regimen 
introduced in the 1970s [cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP)].  The authors studied the antitumor 
effects of the CHOP regimen alone or in combination with a unique protein kinase C activator, bryostatin 1, on a xenograft model for 
resistant DLCL in mice with severe combined immune deficiency (WSU-DLCL2-SCID).  In this model, the efficacy of bryostatin 1 
given at 75 μg/kg, i.p., alone for 1 or 2 days [B(1×) and B(2×)] was compared with the efficacy of CHOP alone, bryostatin 1 + CHOP 
(B+CHOP) given concurrently, bryostatin 1 for 1 day followed by CHOP on day 2 [B(1×)-CHOP], and bryostatin 1 for 2 days followed 
by CHOP on day 3 [B(2×)-CHOP].  CHOP doses were as follows: (a) cyclophosphamide, 40 mg/kg, i.v.; (b) doxorubicin, 3.3 mg/kg, 
i.v.; (c) vincristine, 0.5 mg/kg, i.v.; and (d) prednisone, 0.2 mg/kg, every day for 5 days, p.o.  Tumor growth inhibition (T/C), tumor 
growth delay (T-C), and log10 kill for B(1×), B(2×), CHOP, B+CHOP, B(1×)-CHOP and B(2×)-CHOP were 49%, 39%, 25.8%, 15.1%, 
14.6%, and 12%; 6, 7, 16, 25, 12, and 15 days; and 0.6, 0.5, 2.2, 3.6, 1.7, and 2.0, resp.  To begin elucidating the mechanism whereby 
bryostatin 1 potentiated the effects of CHOP in the mouse model; the authors studied the effect of bryostatin 1 on Bax, Bcl-2, and 
poly(ADP-ribose) polymerase proteins in vitro and in vivo.  Bax protein increased in a time-dependent manner without any measurable 
change in Bcl-2 expression.
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 Our results show that genistein has growth modulatory effects on WSU-DLCL2 cells and enhances the antitumor activity 
of CHOP.  Because soy isoflavone genistein is a widely available nutritional supplement, its use in combination with 
CHOP chemotherapy should be further explored in a clin. trial in patients with NHL.

contribute to the poor prognosis of DLCL patients.  Soy isoflavone genistein promotes apoptosis by decreasing NF-κB activity.  The 
combination of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) remains the std. therapy for DLCL with a cure rate 
of .apprx.40%.  The WSU-DLCL2 cell line and its severe combined immunodeficient (SCID) xenograft have constitutively active 
NF-κB which provides us with an excellent model in which to study NF-κB modulation and CHOP sensitization by genistein.  The 
antitumor activity of CHOP with or without a genistein was evaluated in our WSU-DLCL2 model.  In vivo, WSU-DLCL2-bearing SCID 
mice received genistein alone (800 μg kg-1 day-1, p.o. as gavages for 5 days), CHOP alone ("C", 40 mg/kg, i.v.; "H", 3.3 mg/kg, i.v.; 
"O", 0.5 mg/kg, i.v.; and "P", 0.2 mg/kg, every day for 5 days, p.o.), or genistein for 5 days followed by CHOP.  Tumor growth 
inhibition (T/C), tumor growth delay (T - C), and log10 kill for genistein, CHOP, and genistein followed by CHOP were 33.6%, 19.2%, 
and 5.2%; 7, 8, and 17 days; and 1.0, 1.2, and 2.6, resp.  To begin elucidating the mechanism of genistein-induced sensitization of 
WSU-DLCL2 cells to CHOP chemotherapy in this xenograft mouse model, we studied the in vitro effect of genistein on WSU-DLCL2 
growth inhibition, cell cycle, Bax:Bcl-2 ratio, NF-κB DNA binding, and apoptosis in vitro.  At 30 μM, genistein inhibited the growth 
significantly, induced G2-M arrest, increased Bax:Bcl-2 ratio, decreased NF-κB DNA binding, and induced apoptosis.  Genistein also 
inhibited NF-κB DNA binding in vivo, whereas CHOP enhanced it.
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To identify (1)H-MRS molecular biomarkers of early clinical therapeutic response in non-Hodgkin's lymphoma, an in vivo 
longitudinal study was performed on human non-Hodgkin's diffuse large B-cell lymphoma xenografts (WSU-DLCL2) grown 
in the flanks of female SCID mice. (31)P-MRS measurements, which have been demonstrated to be prognostic clinical 
indices of response (Arias-Mendoza et al.  Acad.  Radiol. 2004; 11: 368-376) but which provide lower spatial resolution, 
were included for comparison.  The animals received CHOP (cyclophosphamide, hydroxydoxorubicin, oncovin and 
prednisone) chemotherapy for three 1-week cycles, resulting in stable disease based on tumor volume.  Localization of 
total choline and phosphorus metabolites in vivo was achieved with stimulated echo acquisition mode and image selected 
in vivo spectroscopy sequences, respectively.  Significant decreases in lactate were detected by the selective multiple 
quantum coherence spectral editing technique after the first cycle of CHOP, whereas total choline and the 
phosphomonoester/nucleoside triphosphate ratio did not change until the third cycle.  Ex vivo extract MRS of tumors 
corroborated the in vivo results.  Histological staining with antibodies to Ki67 revealed a decrease in proliferation rate in 
CHOP-treated tumors that coincided with the decrease in lactate.  This study demonstrates the utility of lactate as an 
early proliferation-sensitive indicator of therapeutic response in a mouse model of non-Hodgkin's lymphoma and serves 
as a basis for future clinical implementation of these methods.  Copyright (c) 2008 John Wiley & Sons, Ltd.
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Various drug combinations, frequency of administration, and dosage schedules are examd. in an effort to maximize the 
chemotherapeutic response of human pancreatic tumor xenografts in mice.  To be active against pancreatic cancer, chemotherapy 
should be administered at short intervals in a more or less continuous fashion.
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PURPOSE: Glucocorticoids such as prednisone, hydrocortisone, and dexamethasone are known to provide some clinical 
benefit for patients with hormone-refractory prostate cancer.  However, the underlying mechanisms by which 
glucocorticoids affect hormone-refractory prostate cancer progression are not well established as yet.  Our previous 
study has shown that glucocorticoids inhibit tumor angiogenesis possibly by down-regulation of vascular endothelial 
growth factor (VEGF) and interleukin 8.  Here, we hypothesized that the therapeutic effect of dexamethasone on 
hormone-refractory prostate cancer can be partly attributed to a direct inhibition of lymphangiogenesis through the 
glucocorticoid receptor by down-regulating a major lymphangiogenic factor, VEGF-C.  EXPERIMENTAL DESIGN: The 
effects of dexamethasone on the expression of VEGF-C and its receptor, VEGF receptor-3 (VEGFR-3), were examined 
using an androgen-independent human prostate cancer cell line, DU145, which expresses glucocorticoid receptor.  The 
effects of dexamethasone on tumor-associated lymphangiogenesis in DU145 xenografts were determined by analyzing 
VEGF-C gene expression, lymphatic vessel density, and relative lymphatic vessel area.  RESULTS: Dexamethasone 
significantly down-regulated VEGF-C gene expression and protein production by 48% (P = 0.003) and 44% (P = 0.002), 
respectively, under normoxic condition.  Similarly, hydrocortisone down-regulated VEGF-C gene expression.  The effects 
of dexamethasone were completely reversed by the glucocorticoid receptor antagonist RU486.  Even under hypoxia-like 
conditions, dexamethasone inhibited VEGF-C gene expression.  In DU145 xenografts, dexamethasone significantly 
down-regulated VEGF-C gene expression and decreased lymphangiogenesis.  Dexamethasone did not affect VEGFR-3 
gene expression in vitro and in vivo.  CONCLUSION: Glucocorticoids suppressed tumor-associated lymphangiogenesis 
by down-regulating VEGF-C through glucocorticoid receptor in androgen-independent prostate cancer cells in vivo.
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RATIONALE AND OBJECTIVES: A reliable noninvasive method for in vivo detection of early therapeutic response of 
non-Hodgkin's lymphoma (NHL) patients would be of great clinical value.  This study evaluates the feasibility of (1)H and 
(31)P magnetic resonance spectroscopy (MRS) for in vivo detection of response to combination chemotherapy of human 
diffuse large B-cell lymphoma (DLCL2) xenografts in severe combined immunodeficient (SCID) mice.  MATERIALS AND 
METHODS: Combination chemotherapy with cyclophosphamide, hydroxy doxorubicin, Oncovin, prednisone, and 
bryostatin 1 (CHOPB) was administered to tumor-bearing SCID mice weekly for up to four cycles.  Spectroscopic studies 
were performed before the initiation of treatment and after each cycle of the CHOPB.  Proton MRS for detection of 
lactate and total choline was performed using a selective multiple-quantum-coherence-transfer (Sel-MQC) and a 
spin-echo-enhanced Sel-MQC (SEE-Sel-MQC) pulse sequence, respectively.  Phosphorus-31 MRS using a nonlocalized, 
single-pulse sequence without proton decoupling was also performed on these animals.  RESULTS: Significant decreases 
in lactate and total choline were detected in the DLCL2 tumors after one cycle of CHOPB chemotherapy.  The ratio of 
phosphomonoesters to beta-nucleoside triphosphate (PME/betaNTP, measured by (31)P MRS) significantly decreased in 
the CHOPB-treated tumors after two cycles of CHOPB.  The control tumors did not exhibit any significant changes in 
either of these metabolites.  CONCLUSIONS: This study demonstrates that (1)H and (31)P MRS can detect in vivo 
therapeutic response of NHL tumors and that lactate and choline offer a number of advantages over PMEs as markers of 
early therapeutic response.
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Overexpression of Bcl-2/Bcl-X(L) protein has been observed in more than 80% of B-cell lymphomas.  Diffuse large cell 
lymphoma (DLCL) is the most common subtype of non-Hodgkin's lymphoma. (-)-Gossypol, a natural product isolated 
from cottonseeds, was discovered as a potent small-molecule inhibitor of Bcl-2 and Bcl-X(L) proteins, with a Ki value in 
the nanomole per liter range for both.  In vitro, (-)-gossypol showed significant growth inhibition effect against 
WSU-DLCL2 lymphoma cell line and fresh cells obtained from a lymphoma patient with no effect on normal peripheral 
blood lymphocytes.  As expected (-)-gossypol induced complete cytochrome c release from mitochondria, increased 
caspases-3 and -9 activity, and caused apoptotic death without affecting protein levels of Bcl-2, Bcl-X(L), Bax, and Bak.  
The addition of cyclophosphamide-Adriamycin-vincristine-prednisolone (CHOP) regimen to lymphoma cells preexposed to 
(-)-gossypol enhanced killing significantly.  The maximum tolerated dose of (-)-gossypol in severe combined 
immunodeficient (SCID) mice was 40 mg/kg for three i.v. injections when given alone and 20 mg/kg x 3 when given in 
combination with CHOP.  Using WSU-DLCL2-SCID mouse xenograft model, the tumor growth inhibition, the tumor growth 
delay, and the log10 kill of mice treated with (-)-gossypol + CHOP were better than CHOP or (-)-gossypol alone.  We 
conclude that adding Bcl-2/Bcl-X(L) small-molecule inhibitor to standard chemotherapy may prove an effective strategy in 
lymphoma therapy.
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