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A B S T R A C T  

The immunomodulating effects and antitumor activity of two biological 
agents, bryostatin 1 (Bryol) and a-interferon, were tested in vitro and in 
vivo either alone or prior to chemotherapy agents, against a Walden- 
strOm's macroglobulinemia tumor line (WSU-WM). Bryol caused a de- 
crease in the expression of CD10, CD19, IgM, Leul0, and CD22 and a 
temporary growth inhibition as measured by cell cycle analysis, a-Inter- 
feron did not show any major effects. In vivo, severe combined immuno- 
deficient mice were used to test the activity of the agents against WSU- 
WM. Bryol (i.p.) was given either alone or sequentially with doxorubicin 
(i.v.), vincristine (i.v.), meiphalan (i.v.), and a-interferon (i.v.). Bryol given 
24 h before vincristine or melphalan resulted in the highest tumor growth 
inhibition, tumor growth delay, and tumor cell kill. Two of five mice 
receiving Bryol/vincristine combination were free of tumors >200 days 
after treatment and were considered cured. In light of our findings, we 
recommend that Bryol be considered for clinical investigation in human 
B-cell tumors and might best be given combined with other chemotherapy 
agents used in the treatment of that disease. Whether Bryol is acting as a 
differentiating agent or as a direct anti-Waldenstriim's macroglobulin- 
emia tumor agent, remains unclear. 

I N T R O D U C T I O N  

N e w  approaches  are needed  to treat B-cell  tumors  of  indolent  

nature. W M  3 is cons idered  one such tumor  (1). It is c losely related to 

chronic  l ymphocy t i c  leukemia ,  hairy cell leukemia ,  and mul t ip le  my-  

e loma (2). Notable  progress  has been made  in a t tempt ing  to cure many  

indolent  diseases; however ,  W M  remains  incurable wi th  current  pro- 

tocols.  The  med ian  survival  of  patients wi th  this disease is about  5 

years (3). 

A m o n g  new t reatment  modal i t ies  is the use of  biological  agents  

ei ther  alone or in combina t ion  wi th  s tandard clinically used chemo-  

therapy agents.  B r y o l ,  a newly  d iscovered  macrocyc l ic  lactone ob- 

tained f rom a mar ine  organism Bugula  neritina, exhibits  var ious bio- 

logical  propert ies  such as ant i tumor  and i m m u n o m o d u l a t i n g  activity 
against  mur ine  (4, 5) and h u m a n  (6-12)  tumors .  In addit ion,  B r y o l  

has different iat ing activity on non -Hodgk in ' s  l y m p h o m a  and chronic  

l ymphocy t i c  l eukemia  cell lines (9, 14). Unl ike  the phorbol  esters, 

B r y o l  lacks t umor -p romot ing  activity (15). These  propert ies  make  

B r y o l  a potent ial  candidate  for clinical use  as a biological  agent  in 

cancer  therapy. In particular, B r y o l  seems  to be a candidate  for 

clinical use as a differentiat ing agent  for B-cell  tumors .  Most  of  the 

data thus far, however ,  are der ived f rom in vitro studies. Here we  
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present  data on the i m m u n o m o d u l a t i n g  effects of  B r y o l  on W S U - W M  

tumor  in SCID mice.  The  h u m a n  tumor  xenograf ts  in SCID mice  

provide  a precl inical  mode l  c loser  to the h u m a n  situation. Us ing  the 

W S U - W M  model ,  we  have demons t ra ted  that se lected "s tandard"  

chemothe rapy  agents  such as vincrist ine and melpha lan  are active 

against  this specific tumor  (13). Bui ld ing  on these results, we  sought  

to treat tumor-bear ing  SCID mice  wi th  biological  agents  g iven alone 

or sequential ly wi th  chemothe rapy  agents,  based on tumor  responses .  

M A T E R I A L S  A N D  M E T H O D S  

Tumor  Cell Line. The human Waldenstr6m's macroglobulinemia cell line 
(WSU-WM) was established recently in our laboratory at Wayne State Uni- 
versity School of Medicine and maintained in culture as described previously 
(13). 

Biological Agents. Bryostatin 1, a macrocyclic lactone, is extracted and 
purified from the marine bryozoan Bugula neritina. It has been shown to be a 
protein kinase C activator (16-18) and a biological response modifier (19), 
which lacks tumor-promoting activity (15). 

IFN-a is a highly purified protein containing 165 amino acids and a mo- 
lecular weight of --19,000. IFN-a has been shown to have antiproliferative and 
immunomodulatory effects in vitro. In vivo, IFN-a has been shown to inhibit 
the growth of several human tumors growing in nude mice (20). It is also useful 
clinically against several human tumors including those of the B-cells. IFN-u 
was obtained from Roche Laboratories, Nutley, NJ. 

Phenotypic Markers.  WSU-WM cells were stained with monoclonal an- 
tibodies using indirect immunofluorescence and flow cytometry as described 
previously (21). All monoclonal antibodies were purchased from Becton- 
Dickinson Immunodiagnostics (San Jose, CA). For phenotypic and cell cycle 
analysis in vivo, WSU-WM tumors were taken from the SCID mice and 
analyzed by flow cytometry as described previously (13). Since we did not see 
any immunomodulating effects of IFN-a in vitro or tumor responses in vivo, 
phenotypic and cell cycle studies were not done on the IFN-a-treated animals. 

In V'aro Induction Study. Cells were seeded in RPMI 1640 supplemented 
with 10% fetal bovine serum, 1% L-glutamine and antibiotics at a density of 0.5 
• 106/ml and divided into three equal volumes. Into one, Bryol [dissolved in 
dimethyl sulfoxide (Fisher Scientific Co., Fair Lawn, N J) at 2 ~M] was directly 
diluted to yield a final concentration of 200 nM (9). The second cell sample was 
treated with IFN-a (1000 units/ml) and the third was used as a control to which 
an equal amount of dimethyl sulfoxide without Bryol (diluent) was added (14). 
After mixing, the three volumes were each divided again into three aliquots, 
each of which seeded into a 25-cm 2 tissue culture flask (Falcon Labware, 
Oxnard, CA), and placed in a 5% CO2 incubator at 37~ for analysis on days 
1, 3, and 5. At each time point (days 1, 3 and 5) cells were examined for 
phenotypic markers and cell cycle analysis using DNA staining and flow 
cytometry as described previously (22). 

Xenografts. Four-week-old female Fox Chase C.B.17 SCID mice were 
obtained from Taconic Laboratory (Germantown, NY). The animals were 
adapted and WSU-WM xenografts were developed as described previously 
(13). Each experimental group received injections of chemotherapy, Bryol, or 
combinations according to the schedule shown in Table 1. 

Animals were observed for progression and measurement of SQ tumors, 
changes in weight, and side effects of the drugs. Animals were euthanized 
when their total tumor reached 1500 mg to avoid animal discomfort. 

The end points for assessing antitumor activity were as reported previously 
(23) and summarized as 

Tumor wt (mg) = (A • B2)/2 

where A and B are the tumor length and width (in mm), respectively; tumor 
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C O M B I N A T I O N  T R E A T M E N T  OF H U M A N  W M  

Table 1 In vivo chemotherapy and biological agents schedule for WSU-WM-bearing 
SCID mice 

All agents were given every 4 days for a total of 3 doses. 

Agent Dose Level a Route No. of animals 

Diluent i.v. 5 

Doxorubicin (Dox) 3.3 mg/kg i.v. 5 
VCR 0.5 mg/kg i.v. 5 
Melphalan (Melph) 4.4 mg/kg i.v. 5 

IFN-a 1000 IU i.v. 5 
Bryol 75 p.g/kg i.p. 5 

Bryol b/DOX 75/3.3 i.p./i.v. 5 
Bryol/VCR 75/0.5 i.p./i.v. 5 
Bryol/Melph 75/4.4 i.p./i.v. 5 
Byrol/IFN 75/1000 i.p./i.v. 5 

a Doses are determined based on previous studies with the above agents. 
b Bryostatin 1 was injected 1 day prior to the injection of the second agent. 

When tumor responses are measured by the T/C, T -  C, and logm 

kill methods,  the Bryo l /melph  and B r y o l / V C R  combinations gave the 

greatest loglo kill and T -  C, as well as the lowest T/C. All mice 

treated with doxorubicin either alone or in combinat ion with Bryo l  

were dead 10 days after the last injection was given due to the toxic 

effects of  the drug. Interestingly, 2 of  5 mice treated with Bryo l /VCR 

had achieved total cure since the bilateral palpable tumors disappeared 

27 and 62 days from the start of  therapy, respectively. These two mice 

are alive and well without tumors 200 + days from treatment. A mouse  

is considered cured if it is without tumor and healthy for 150 days. 

IFN-a  did not show any antitumor activity either alone or in combi- 

nation with Bryol .  The log~o kill for the combination was lower than 

that of  the Bryol .  

DISCUSSION 

growth inhibition (T/C) is the median tumor weight of the treated group (T) 
divided by the median tumor weight of the control group at a time when the 
median tumor weight in the control group (C) has reached approximately 900 
mg. The T/C value expressed as a percentage is an indication of antitumor 
effectiveness and a value of 42% or less is considered significant antitumor 
activity, tumor growth delay (T - C), where T is the median time (in days) 
required for the treatment group tumors to reach 900 mg and C is the median 
time (in days) for control group tumors to reach same weight. It is noteworthy 
that cures are excluded in the determination of T and C values 

(Zoglo) tumor cell kill total (gross) = ( T -  C)/(3.32)(Td) 

where Td is the time (in days) required for tumor in order to double its weight 
during the exponential growth phase. All studies involving mice were per- 
formed under Institutional Review Board-approved protocol. 

RESULTS 

In Vitro and in Vivo Immunophenotypic Studies. Changes in 
marker expression of WSU-WM in tissue cultures were compared 
with that of SCID mice. Treatment with Bryol showed changes in the 
expression of some markers (Fig. 1). For example, there was a clear 
reduction in the expression of CD10, CD19, IgM, Leul0, and CD22 
and no major change was observed in the expression of CD20. On the 
other hand, in untreated-control WM cells, results revealed no signifi- 
cant differences in marker expression and the line maintained its 
phenotype as a mature B-cell tumor of a IgMA type both in the in vitro 
and in vivo experiments.  W S U - W M  cells expressed CD10, CD19, 

CD20, CD22, Leu l0 ,  and IgM both in vitro and in vivo. When the 

marker  changes between the in vitro and in vivo experiments were 

correlated for each time point, the r values revealed high correlation 

(r  -> 0.95). No changes were detected in marker expression in the 

IFN-ot-treated cultures when compared with controls (data not 

shown). 
In  Vitro and  in Vivo Cell Cycle Analysis .  The effects of  Bryo l  on 

the growth of  W S U - W M  in vitro over 5 days o f  culture was deter- 

mined. Bryol ,  at 200 h i ,  slightly inhibited the growth during the first 

24 h. After that the cells showed some signs of  recovery. Cell cycle 
analysis following the first Bryo l  treatment revealed that the S phase 
slightly decreased (from 28% to 25% in the in vitro and from 36% to 

30% in the in vivo) and the Go-G1 compartments  increased (from 58% 
to 61% in the in vitro and from 56% to 63% in the in vivo). Also there 

were no significant changes following IFN-a  treatment. 

Therapeutic  Effects in the SCID Mouse  Xenografl .  The antitu- 
mor  activity of  Bryo l ,  IFN-a,  doxorubicin, vincristine, and melphalan 
against WSU-WM-bear ing SCID mice is shown in Table 2. Vincris- 

tine, melphalan, and Bryol  all showed effective anti-WM tumor ac- 

tivity measured by T/C, T -  C, and loglo kill total. 

In this report, we show that bryostatin 1 given to SCID mice 
bearing WM tumors showed reasonable antitumor activity. Moreover, 
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Fig. 1. Expression of markers as percentage of positive WSU-WM ceils in controls and 
Bryol-treated. Left, in vivo SCID mice marker study after 1, 2 and 3 injections; right, in 
vitro tissue culture study after 1, 3, and 5 days. *, missing data for CD22 marker in 
bryostatin 1-treated SCID mice. O, control; ~7, bryostatin 1. 

Table 2 Preclinical trials of vincristine, melphalan, IFN-ct, and Bryol alone and in 
combination against WSU-WM-bearing SCID mice 

T/C T - C Loglo kill 
Agent (%) (days) total (gross) Cure 

Diluent 100 0 0 0/5 
Vincristine 19 12 1.7 0/5 
Melphalan 19 17 2.5 0/5 
IFN-a 100 0 0 0/5 

Bryostatin 1 18 13 1.9 0/5 
Bryol a/VCR 6 23 3.4 2/5 
Bryol/Melphalan 0 23 3.4 0/5 
Bryol/IFN-a 49 5 0.7 0/5 

a Bryostatin 1 was injected i.p. 1 day prior to the injection of the second agent. T/C is 
tumor growth inhibition, T - C is tumor growth delay; Loglo kill total = (T-C)/(3/32) 
(Ta), where Td is the time (in days) required for tumor in order to double its weight. 
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administering the vincristine or the melphalan 24 h after bryostatin 1 
resulted in better antitumor activity than any agent alone; the vincris- 
tine after Bryol group resulted in cure of 40% of the mice. 

In the past, data have been generated regarding the differentiating 
effects of the phorbol ester, 12-O-tetradecanoylphorbol-13-acetate, on 
B-cell leukemia (24-26). However, because of its tumor-promoting 
characteristics, 12-O-tetradecanoylphorbol-13-acetate is limited to use 
in in vitro studies. Recently, Bryol, a potent protein kinase C activator 
like the phorbol esters, but lacking tumor-promoting activity (15), has 
been described (16). Bryol, in this study, induced phenotypic changes 
in both in vitro and in vivo experiments (Fig. 1). The expression of 
CD10, CD19, CD22, and IgM decreased in the Bryol-treated cultures 
when compared with that of control cultures. Cells taken from the SQ 
tumor after the first injection showed >50% decrease in Leul0 ex- 
pression. It was shown previously by us and others that decreases in 
Leul0, CD10, and CD19 are consistent with further B-cell differen- 
tiation (27-29). Therefore, the decreased expression of these markers 
with Bryol treatment can be interpreted as a sign of further differen- 
tiation of WM cells. 

Differentiation in some models can occur without simultaneous 
cessation of growth (22, 30). In this study, Bryol did not induce 
inhibition of proliferation as measured by cell cycle studies, except 
slightly after the first time point. This was true for both the in vitro and 
the in vivo studies. It is noteworthy that following the first Bryol 
injection, the Go-G1 compartments increased and the S phase de- 
creased compared with the untreated (control) mice. Whether this 
indicates significant loss of proliferation or not is unclear. 

The concept of inducing malignant B-cells to differentiate to a more 
mature nonproliferative state is clinically plausible and can be a new 
strategy as "differentiation therapy." Thus, to translate the in vitro data 
to clinical, a preclinical in vivo model becomes important. Recently, 
we have successfully established a xenograft model for human Wal- 
denstrrm's macroglobulinemia in SCID mice (13). The tumor grows 
SQ at the sites of injection with 100% take rate when a WSU-WM 
SCID tumor is passaged in vivo in SCID mice. We have also demon- 
strated that the cell line and the SQ tumor had the same karyotypes 
and phenotypes. However, when the tumor sizes were between 0.4 and 
0.7 mm, there was no evidence of detectable human IgM in the mouse 
serum. 

In order to evaluate the validity of our xenograft model, a coeffi- 
cient of correlation for the phenotypic marker expressions and cell 
cycle analysis was determined for the in vitro and in vivo studies. The 
two models were highly correlated with each other (r > 0.94) which 
indicates the validity of this approach. Using the WSU-WM as a 
model to measure antitumor efficacy, we found that of the "standard" 
chemotherapy agents, vincristine and melphalan showed significant 
antitumor activity at the doses used (Table 2). Of the biological agents 
we studied, IFN-c~ did not show any antitumor activity either alone or 
in combination with Bryol. The loglo kill for the combination was 
lower than that of the Bryol. This may argue for antagonistic effect. 
Bryol alone, on the other hand, showed moderate antitumor activity 
against WM tumor. 

The most interesting result was found when either vincristine or 
melphalan was given i.v. 24 h after administering Bryol i.p. The loglo 
kill for both chemotherapy agents was increased significantly and two 
of five mice in the Bryol/VCR regimen achieved complete cure. In 
our opinion, Bryol is acting either as a differentiating agent or as a 
direct anti-WM-tumor agent or both. Many researchers have demon- 
strated that Bryol has a differentiating effect on several lymphoid cell 
lines (9, 14, 31). Others (4, 32) have shown the antitumor activity of 
Bryol. In this study, it seems that Bryol/melphalan and Bryol/VCR 
combinations revealed additive effect. In light of these findings, we 
recommend that Bryol be considered for Phase I clinical trial in 
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Waldenstr6m's macroglobulinemia and might best be given combined 
with vincristine or melphalan. 
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