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Abstract Multiple myeloma (MM), a B-cell malignancy
characterized by proliferation of monoclonal plasma
cells remains incurable. Murine plasma cell tumors share
common features with human MM. We used two cell
lines (B38 and C11C1) derived from P3X63Ag8 myelo-
ma cells. The new cell lines were implanted subcutane-
ously in the strain of origin (Balb/c mice) and used as a
model to monitor the effects of C11C1 monoclonal
antibody (mAb) to kininogen (HK). We assessed their
behavior by intraperitoneal and subcutaneous implan-
tation, by implanting them together and by treating
B38–MM with purified mAb C11C1. We evaluated
growth, microvascular density (MVD), and cellular
expression of urokinase-type plasminogen activator-
receptor (uPAR), fibroblast growth factor-2 (FGF-2),
vascular endothelial growth factor (VEGF), bradykinin-
1 receptor (B1R), bradykinin-2 receptor (B2R) and HK.
We found that both MM-cell-lines are uPAR positive,
that mAb C11C1 inhibits its own tumor growth in vivo,
slows down B38-MM growth rate when both MM are
implanted together and when mAb C11C1 is injected
intraperitoneally. MAb C11C1-treated-MM showed
decreased MVD and HK binding in vivo without FGF-
2, B1R or B2R expression changes. We propose that the
B38-extramedullary-myeloma-model is a useful tool to
study the interactions of this hematopoietic tumor and

its environment and that mAb C11C1 may improve the
efficacy of conventional MM treatment with minimal
side effects.
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Introduction

Multiple myeloma (MM) is a B-cell malignancy char-
acterized by the accumulation of monoclonal immuno-
globulin-secreting plasma cells in the bone marrow
compartment, accompanied by osteoclastic bone
destruction and severe pain [1]. Although MM is usually
confined to the bone-marrow, related organ or tissue
impairment, or end-organ damage may occur at the time
of diagnosis or in the course of the disease [2]. Extra-
medullary (EM) involvement may occur in association
with MM or as an isolated EM (extraosseous) plasma-
cytoma. EM involvement and/or solitary extraosseous
plasmacytomas are rare diseases with an aggressive
course. Response to conventional chemotherapy, tha-
lidomide and/or high-dose therapy is poor, justifying the
development of new therapeutic approaches [3]. Murine
plasma cell tumors share a number or common features
with human MM, suggesting their possible use as a
model for this disease. However, one major difference
between the two is the peritoneal localization of murine
tumors as opposed to bone marrow residence of malig-
nant plasma cells in early stages of human MM [4]. We
propose the localized use of two cell lines derived from
secretor myeloma P3X63Ag8 cells implanted in the
strain of origin (Balb/c mice) as a model to monitor the
disease behavior and its response to possible therapeutic
approaches. We used two cell lines derived from
P3X63Ag8 myeloma cells known as C11C1 and B38.
The C11C1 and B38 MM cell lines were implanted
intraperitoneally (IP) to confirm their malignant
behavior. We used subcutaneous implantation thereafter
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to assess the biological response of MM to a treatment
with a monoclonal antibody (mAb) proven to inhibit
angiogenesis [5].

P3X63Ag8 cells were fused with BALB/c spleen cells,
from mice immunized against human plasma factor V.
The new cell line known as B38-MM (hybridoma) se-
cretes IgG1 immunoglobulin against human factor V
(FV) and cross-reacts with mouse FV protein [6]. When
implanted intraperitoneally, this cell line spreads and
grows killing the host. A second line was formed by
fusing the P3X63Ag8 cells with Balb/c mice spleen cells
from mice immunized against human plasma high-
molecular-weight kininogen. The new cell line known as
C11C1–MM (hybridoma) secretes IgG1 immunoglobu-
lin against domain 5 of human high molecular weight
kininogen (HKD5) and cross-reacts with mouse HKD5
[5, 7]. We discovered that although C11C1-MM cells
grow very well in vitro, they grow very slowly when
implanted intraperitoneally, and the host mice show
neither signs nor symptoms of MM.

We have demonstrated that mAb C11C1 inhibits the
growth and decreases the vascularity of human tumors
transplanted into immunodeficient (nude) mice [5]. In
order to avoid the possible confounding effects of a
competent immune system and the cross-species vari-
able, we designed a multistep protocol using Balb/c mice
as recipients of tumor cells from a hematologic malig-
nancy, the B38-MM (derived from a Balb/c mouse
secretory myeloma).

Materials and methods

Multiple Myeloma Cell Lines

C11C1 and B38 MM cell lines of Balb/c mouse origin,
and mAb C11C1 were prepared and purified as previ-
ously described [6, 7].

To assess the intrinsic growth of each MM cell line
in vitro, we plated out 5 ml of Dulbecco’s modified
Eagle medium (Invitrogen, Grand Island, NY, USA)
containing 1·105 of either C11C1 or B38 cells per ml,
per flask in 25 cm2 flasks (x3). Cell counts from each
flask were performed at 48, 72 and 96 h. Cell viability
was determined by Trypan blue exclusion.

Animals

The functional immune system of syngeneic Balb/c mice
and tumor cells of the same origin allowed the assess-
ment of tumor growth in an immunocompetent envi-
ronment and excluded the possibility of
histocompatibility rejection. Female mice (8–10 weeks
old) in groups of 3 or 5 per cage were housed in the
animal facilities at Temple University and had free ac-
cess to food and water. Research protocols were carried
on under the guidelines of Temple’s institutional animal
care and use committee (IACUC). In all protocols, the

animals were selected randomly and euthanized by an
overdose of CO2 inhalation.

Animal protocols

Protocol I: Intraperitoneal Multiple Myeloma cell
implantation

To confirm the fact that C11C1-MM and B38 MM cell
lines follow the usual growth pattern in vivo, ten Balb/c
female mice (8–10 weeks old) received 0.5 ml of pristane
IP (Sigma Biochemicals, Milwaukee, WI, USA). Ten
days later the mice were divided in two groups of 5 mice
each. B38-MM or C11C1-MM cells were injected IP
(5·106 cells/mouse) to induce tumor growth. The
experimental groups were checked every other day. The
B38 group was euthanized on day 10, when tumor
growth induced maximum abdominal distension (as re-
quired by protocol guidelines). Two C11C1 mice were
euthanized on day 10 post-implantation to compare
intraperitoneal tumor growth. At necropsy, ascitic fluid
was collected and measured; and the abdominal contents
were removed and fixed in 10% buffered formalin
(Fisher Scientific, Fair Lawn, NJ, USA). The two C11C1
mice did not show any gross intraperitoneal myeloma-
tous growth or ascites production. The remaining
C11C1 mice (n=3) did not develop any ascites at any
time and they were euthanized on day 28 post-cell
implantation. At this time, the abdominal contents were
removed and fixed in 10% buffered formalin.

Protocol II: Subcutaneous Multiple Myeloma cell
implantation

To allow longer evolution of the MM-tumor growth in
an accessible location that would facilitate the mea-
surement and comparison of their volumes and in vivo
growth, 34 female Balb/c mice (8–10 weeks old) were
divided in three groups: negative control (n=4), B38
(n=10) and C11C1 (n=20). We used one-tenth the cell
concentration than in protocol I. The back of each
mouse was shaved to inject 5·105 cells subcutaneously in
Hanks solution (HBSS; Sigma Biochemicals), with the
exception of the negative control group, which received
only HBSS. Mice were examined at least once a week
recording the length, width and height of any developing
tumors. We calculated the total volume of the tumors by
the largest (a) and the smallest (b) superficial diameters:
V=(a·b2)/2 [8]. When one or more tumors within group
B38 reached the maximum length of 2 cm on day 11, the
group was euthanized (as determined by protocol
guidelines). At that time, no mice from the C11C1 group
had reached the size limit; therefore, one out of four
C11C1 cages (with five mice each) was randomly chosen
and euthanized along with group B38. We monitored
the 19 remaining mice from groups C11C1 (15 mice) and
negative control (4 mice) for tumor growth for a total of
6 months after tumor implantation.

798



Protocol III: Subcutaneous Multiple Myeloma cell
implantation, combined growth

Since C11C1-MM tumor cells did not grow as well in -
vivo as it did in vitro, we decided to test its effect when
implanted together with another MM cell line that did
grow well in vivo and in vitro (B38-MM).

We shaved the backs of 20 female Balb/c mice (8–
10 weeks old), and segregated them in four groups. A
combined-cell group (n=5) received C11C1-MM
(2·105) and B38-MM (2·105) hybridoma cells mixed
together and suspended in 0.2 ml HBSS. We injected the
cell mixture in the left back of each mouse (a total of
4·105 cells per mouse). A negative control group (n=5)
received 0.2 ml of HBSS in the left back. A C11C1
group (n=5), received C11C1-MM 2·105 cells in the left
back and a B38 group (n=5), received 2·105 B38-MM
cells in the left back. The tumor growth in these exper-
imental groups was monitored every other day until one
or more tumors in any group reached the maximum
length of 2 cm (as determined by protocol guidelines) on
day 42 post-implantation.

Protocol IV: Subcutaneous Multiple Myeloma cell
implantation, early vs. late treatment

To evaluate the effect of mAb C11C1 in syngeneic tumor
prevention and treatment, 15 female Balb/c mice (8–
10 weeks old) were separated into two initial groups, an
early-treatment group (n=6) and a positive control
group (n=9). On day 18, the positive control group was
subdivided into positive control group (n=3) and late-
treatment group (n=6):

(1) Early-treatment group, (n=6) received 2·105 B38-
MM cells in 0.2 ml HBSS in the left back and were
treated with 320 lg of purified mAb C11C1 sus-
pended in 0.32 ml of HBSS IP every 48 h for 36 days
starting on day 0.

(2) Positive control group (n=9) received 2·105 B38-
MM cells suspended in 0.2 ml of HBSS implanted in
the left back to monitor the unimpeded tumor
growth

(3) On day 18, when one or more tumors within the
positive control group (n=9) reached the prede-
termined length of 1.5 cm, this group was subdi-
vided into late-treatment group (n=6) and positive
control group (n=3). The late-treatment group
started therapy similar to the early-treatment
group (with 320 lg of purified mAb C11C1 IP
every 48 h). Such treatment continued until tumors
in the positive control group (n=3) reached the
maximum length of 2.0 cm (in at least one mouse
within the group).

Histology and immunochemistry processing

Tumor tissue was preserved in 10% buffered formalin
and processed for paraffin embedding following the

protocols supplied by B.D. Pharmingen 2000 (San
Diego, CA, USA). We followed Biogenex immunoper-
oxidase procedure (San Ramon, CA, USA). Antimouse-
uPAR antibody (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) was used to assess uPAR expression in
C11C1 and B38 MM in protocol I. Tumor sections from
protocols I, II, and IV were incubated with anti-mouse
CD31 (PECAM; mAb ER-MP12; BMA, Peninsula
Labs, San Carlos CA, USA) and anti-human von
Willebrand Factor (vWF; Dako Cytomation, Carpinte-
ria CA, USA), which cross-reacts with the mouse mol-
ecule. These two antibodies were used to highlight blood
vessels. In protocol IV, we used the following antibodies:
anti-HK [5] (Sigma Genosys Biotechnology, Wood-
lands, TX, USA), anti-VEGF, (that recognizes multiple
VEGF isoforms) and anti-B2R (from Research Diag-
nostics, Flanders, NJ, USA), anti-B1R (Santa Cruz
Biotechnology), and anti-FGF-2 (also known as basic
FGF, bFGF), (Abcam Inc; Cambridge, MA, USA) to
assess their corresponding antigen expression in har-
vested tumors (protocol IV).

Microvasculature density (MVD) assessment

We used a modification of the methods proposed by
Bosari [9] and Vermeulen [10]. Briefly, digitalized images
from ten high power fields (·400) per tumor (hot spots)
were analyzed using Image-Pro-Plus 4.1 software
(Media Cybernetics, Silver Spring, MD, USA). The
evaluation was limited to those vessels with a cross-
sectional area ranging from 10 to 50 lm. The total tu-
mor surface area examined, the total number of vessels,
and their surface area were tabulated to determine the
mean number of vessels per square millimeter per group
and the percentage of total area occupied by vessels
(vessel area/total area · 100).

Immunohistochemistry assessment

To assess the quantitative in vivo binding of HK on
tumor-endothelial cells, the total number of vessels
(>50 lm) present in three high-power fields (·200) per
tumor were counted and the percentage of immuno-
positive vessels tabulated (protocol IV).

To assess the quantitative in vivo expression of
uPAR (protocol I), B1R, B2R, FGF-2, and VEGF on
tumor and stromal cells (Protocol IV), the positive and
negative cells present in ten high-power fields (·1000)
were counted and the percentage tabulated.

Statistics

Data was collected and tabulated without knowledge of
the specimens’ background. Results were analyzed using
Student’s t-test and expressed as mean ± standard error
of the mean (SEM).
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Results

MM cell lines growth in vitro

We recorded the intrinsic in vitro growth of each MM
cell line. Starting with 1·105 cells the growth was similar
in both cell lines during the first 48 h (4.4±0.3 vs.
4.4±0.2·105 cells/ml). Differences in growth between
C11C1-MM (19.4±0.5·105 cells/ml) and B38-MM
(9.8±0.2·105 cells/ml) was only significant at 96 h
(P<0.001) when C11C1-MM cells grew faster. Cell
viability in both cell lines, at all time points was greater
than 90% which allowed us to assess the possibility of
auto-toxic (autocrine) effect on the cells where the an-
tibodies were produced.

In summary, the in vivo growth difference between
C11C1-MM and B38-MM cells is not due to different
intrinsic growth in vitro and since they both are able to
grow. Neither antibody has any autocrine toxic effect on
the cells.

Animal protocols

Protocol I: intraperitoneal Multiple Myeloma
development (Fig. 1)

B38-MM implanted-mice were sacrificed on day 10
(when one or more mice were unable to move upon
stimulation).Two milliliters (mean) of ascitic fluid was
collected per mouse. Two mice from the C11C1-MM
group were sacrificed at the same time and did not have
signs of either ascitis production or gross tumor growth.
The remaining three mice from group C11C1-MM did
not show any abdominal distension by day 28 when they
were sacrificed to evaluate abdominal tumor develop-
ment. At necropsy, abdominal contents of group B38-
MM displayed multiple, large, congested tumor nodules
ranging in size from 0.2 to 0.8 cm (Fig. 1a) which
completely surrounded the small bowel with seeding of
mesentery and diaphragm. The abdominal contents
from the three remaining mice from group C11C1-MM
euthanized at day 28 showed few pale, small nodules
ranging in size from 0.1 to 0.3 cm, focally localized to
the small bowel mesentery (Fig. 1a). Microscopic
examination revealed neoplastic plasma cells with
varying degrees of differentiation. There were no
inflammatory cell infiltrates suggestive of the occurrence
of immune reaction. Both groups showed expression of
uPAR in 100% of tumor cells (Table 1). Group B38-
MM tumors sections showed 19.3±2.2 vessels per mm2

(Fig. 1b left) and the area occupied by the vessels was
4±0.5% (Fig. 1b right). The few tumor nodules devel-
oped by group C11C1-MM had 6.8±1.8 vessels per
mm2 (Fig. 1B left) with a percentage of area occupied of
1.4±0.4% (Fig. 1B right). The B38-MM group had
more vessels than the C11C1-MM group (P=0.008).

Representative microphotographs (·400 and ·1000)
from sections stained with anti-vWF (that highlights the
endothelial cells lining the vessels) are shown in Fig. 1c.

Fig. 1 Murine MM, intraperitoneal growth and microvascular
density. a. IP growth. Representative gross abdominal findings at
necropsy from specimens collected on maximum growth (B38-MM:
day 10 and C11C1-MM: day 28). The black arrows point to the
myelomatous growth in both specimens. C11C1 tumor nodules
were clearly decreased in size and number. b Microvascular density
(MVD) C11C1-MM solid bars; B38-MM open bars. The mean ±
SEM number of vessels per mm2 (left) and percentage of area
occupied by vessels (right) in each group is shown. MVD was
significantly decreased in sections from the C11C1-MM group
(n=3) when compared to B38-MM group (n=5).**, P= 0.01. c
Immunohistochemistry of endothelial cells. Representative micro-
photographs (left: x400, right: x1000) from tumor sections showing
blood vessel walls (arrows) stained golden-brown to black. The
sections were incubated with an antibody to human vWF that
crossreacts with the mouse molecule, and counterstained with
hematoxylin. Red bar= 50 lm. C11C1-MM group has significantly
fewer vessels than the B38-MM group
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In summary, C11C1 tumors had a decreased inci-
dence, a significantly slower growth in vivo, a smaller
volume and a decreased MVD when compared to the
B38-MM group.

Protocol II: Subcutaneous MM development (Fig. 2)

The negative control group did not show any sponta-
neous tumor growth (n=4; not plotted). Ten out of ten
mice from group B38 developed tumors and were har-
vested on day 11 after implantation. In the case of
C11C1 implanted mice 5 out of the 20 were euthanized
on day 11. Two of these mice had tumor growth and
were harvested. By day 11 a total of 7 tumors developed
in the 20 mice implanted with C11C1 myeloma cells. The
remaining five animals with tumors were allowed to
progress; they regressed to a grossly undetectable size by
day 22 (after implantation) and did not increase in size
prior to termination of the observation period. There
were no tumors present by macroscopic (gross) exami-
nation in any of the 15 remaining C11C1-implanted
mice at necropsy (performed 6 months after tumor
implantation). On day 11, the B38 group had a much
greater mean tumor volume (174±94 mm3) than the
C11C1 group (4.6±2.9 mm3) (P=0.01; Fig. 2a).
Microscopic examination revealed neoplastic plasma
cells with varying degrees of differentiation. There were
no inflammatory cell-infiltrates suggestive of the occu-
rence of immune reaction present. B38 tumors had
18.2±1.6 vessels per mm2 (Fig. 2b left) with 3.5±0.3%
of area occupied by vessels (Fig. 2b right). Tumors
found in the mice from group C11C1 (sacrificed on day
11) had 8.7±1.3 vessels per mm2 (Fig. 2b left) and
occupied 1.7±0.2% of the tumor area (Fig. 2b right).
B38 had more vessels per mm2 and occupied more sur-
face area than C11C1 tumors (P=0.01).

In summary, C11C1 tumors had significantly
decreased incidence (7 tumors out of 20 mice), volume,
and MVD than the B38 group. C11C1 tumors had
slower growth in vivo and the five tumors allowed to
progress (not excised), regressed to a grossly unde-
tectable size.

Protocol III: Subcutaneous MM, combined growth
(Fig. 3)

The negative control group did not show any sponta-
neous tumor growth (not plotted). C11C1 group showed
negligible growth. The combined group had a biphasic
growth pattern: it grew faster than the B38 group the
first 10 days, decreased in size for the following 15 days,

Fig. 2 Murine MM, subcutaneous growth and MVD. a Growth:
Values shown are mean ± SEM. Group B38 (open circles) (n=10)
reached the 2 cm length limit by day 11. C11C1 group (solid circles)
(n=20) did not reach the length limit. The C11C1 tumors not
excised regressed by day 22. Statistical comparisons made with day
11 data (P=0.02). b MVD C11C1 solid bars; B38 open bars. The
mean ± SEM of the number of vessels per mm2 (left) and the
percentage of total area occupied by vessels (right) were statistically
significant. **P=0.01.

Table 1 Immunohistochemistry assessment of tissue immunopositivity in protocols I (MM intraperitoneal growth) and IV (early and late
treatment of MM by IP injections of mAb C11C1)

Antibody Experimental Groups Cell Type

PositiveControl EarlyTreatment LateTreatment
Percentage of Immunopositive Cells

uPAR 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 Tumor Cells
HK 77.8 ± 5.3 27.2 ± 1.8 42.3 ± 7.4 Endothelial Cells lining blood vessels
FGF-2 100 ± 0.0 100 ± 0.0 100 ± 0.0 Stromal and Tumor Cells
VEGF 5.2 ± 0.9 99.2 ± 0.1 99.1 ± 0.1 Stromal and Tumor Cells
B2R 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 Stromal and Tumor Cells
B1R 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 Stromal and Tumor Cells

uPAR urokinase type plaminogen activator receptor. HK high molecular weight kininogen. FGF-2 fibroblast-growth-factor-2. VEGF
vascular-endothelial-growth-factor. B2R bradykinin 2 receptor. B1R bradykinin 1 receptor
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grew again for the next 3 days, and then continued to
steadily decrease for the remaining span of the experi-
ment. The B38 group grew steadily during the moni-
toring period. The combined C11C1 and B38 group
developed tumors in four out of five mice by day 10 after
implantation and three of these tumors regressed to and
undetectable size by day 42. There was only one grossly
evident tumor (4.5 mm3) present at necropsy (day 42
post-implantation). One mouse (out of five) from group
C11C1 developed a tumor that reached a maximum
volume of 3.3 mm3 and regressed (not grossly evident at
necropsy). The B38 group developed tumors in five out
of five mice (297.4±84.9 mm3). When comparing the
combined group (C11C1 + B38) with group B38, the
difference in tumor volumes was statistically significant
(P<0.02) starting at day 28 post-implantation.

In summary, the growth of combined B38 and C11C1
cells was significantly decreased. Group B38 grew
unimpeded and group C11C1 had a markedly decreased
growth.

Protocol IV: Subcutaneous MM, early vs. late treatment
(Fig. 4)

Tumors were palpable by day 8 in all specimens. They
initially grew similarly in all groups. In the early-
treatment group, (mAb C11C1 started on day zero)

tumor growth started to decrease in size on day 19
similar to the tumor volume in the late-treatment
group (started treatment on day 18). Both groups
steadily decreased in size until necropsy (day 36 post-
implantation). Statistically significant difference in tu-
mor volumes was found on day 28 between the un-
treated-control and early-treatment groups (P<0.05),
and on day 30, between the control and late-treatment
groups (P<0.05). There was no statistically significant
difference at any time in tumor volume between the
treatment groups (Fig. 4a). Tumor weights at necropsy
day (positive control group, 589.0±56.2 mg; early-
treatment group: 36.2±14.4 mg; late-treatment-group,
123±51.5 mg) were consistent with the final tumor
volumes (positive control group, 511.9±171.6 mm3;

Fig. 4 Murine MM, subcutaneous growth and early and late
treatment. a Growth: All animals were implanted with B38-MM
cells. The untreated control group (circles) showed a steady growth
rate until day 32. Animals that received purified mAb C11C1 for
early treatment from day zero (open arrow; diamonds) showed a
statistically significant decrease in tumor volume from the
untreated control group starting from day 28 (P<0.05). Animals
from the late-treatment group started mAb C11C1 intraperitoneal
injections on day 18 (solid arrow; squares) showed statistically
significant decrease in tumor volume on day 30 and afterwards
(P<0.05). Values shown are mean ± SEM. b B38-MM early- and
late-treatment MVD: The mean ± SEM of the number of vessels
per mm2 (left) and the percentage of total area occupied by vessels
(right) were statistically significant between the control and both
treatment groups (P<0.005). There was no statistically significant
difference between the treatment groups (P=0.01). ***P<0.005

Fig. 3 Murine MM, combined subcutaneous growth: Combined
group C11C1 and B38 (gray hexagons) received C11C1-MM and
B38-MM cells which were implanted together in the back of Balb/c
mice (n=5) to monitor their growth. Group B38 (open circles)
(n=5) and group C11C1 (solid circles) (n=5) received either B38-
MM or C11C1-MM cells (implanted in the back of Balb/c mice)
and were used to monitor their separate growth rate in vivo. There
were no significant differences up to and included day 26 between
the combined group and the B38 group. At day 28 and beyond the
B38 group showed a statistically significant increase in volume
when compared to the combined group (P<0.05). The B38 group
tumor volume was significantly larger than the C11C1 group from
day 10 and beyond (P<0.05). Values shown are mean ± SEM.
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early-treatment group, 91.5±41.2 mm3; late-treatment-
group, 109.1±39.3 mm3). Microscopic examination
revealed neoplastic plasma cells with varying degrees
of differentiation. There were no inflammatory cell-
infiltrates suggestive of occurrence of immune reaction.
Control tumors had 21.35±0.52 vessels/mm2 (Fig. 4b
left) occupying 5.10±0.23% of total tumor area
assessed (Fig. 4b right). The early-treatment group
(treatment initiated on day 0) had 8.12±0.55 v/mm2

and occupied 1.82±0.17% of total area. The late-
treatment group (treatment initiated on day 18 post-
tumor cell implantation) had 9.99 ± 1.18 v/mm2 and
occupied 2.45 ± 0.30% of tumor area. The control
group had more vessels per mm2 (Fig. 4B left) than the
treatment groups (P<0.001); correspondingly, the
control group vessels occupied more tumor area than
in the treatment groups (P<0.001) (Fig. 4b right).
There was no significant difference between the
experimental treatment groups either in vascular den-
sity or in percentage of area occupied by vessels.

Immunohistochemistry assessment (Table 1, Fig. 5)

The control group had higher HK expression on blood
vessels than the treatment groups (P<0.005). There was
no significant difference in HK expression between the
experimental treatment groups. FGF-2 expression was
diffusely present in both, stromal and tumor cells in all
groups. The control group had significantly less VEGF

expression than the treatment groups (P<0.001). There
was no difference in VEGF expression between the ex-
perimental treatment groups. B2R expression was dif-
fusely present in both, stromal and tumor cells in all
groups, while B1R expression was not detected (absent).

In summary, C11C1 mAb injections slowed down the
B38 MM cell growth, decreased microvascular density
and HK in vivo binding to endothelial cells as effectively
when given after the tumor had reached the predeter-
mined size limit as when given since the time of
implantation.

Discussion

Tumor growth and tumor angiogenesis involve several,
seemingly different but intertwined pathways (Fig. 6a),
and the findings in this report indicate a strong influence
from the plasma Kallikrein–Kinin System (Fig. 6b).
Although MM is a malignant tumor sensitive to che-
motherapy and radiation therapy, the long-term disease-
free survival is rare. We decided to study a cell line de-
rived from a murine MM implanted in an extramedul-
lary site and tried to mimic the natural evolution of the
disease in an immunocompetent host. Thus, in this re-
port, we used an animal model of a uPAR-positive
murine multiple myeloma (B38-MM) in a syngeneic host
(Balb/c mice). We confirmed B38-MM malignant
behavior and assessed its growth, vascular density and
response to mAb C11C1, a mAb against HKD5. We

Fig. 5 VEGF and HK immunohistochemistry: magnification: left ·400, right ·1000; red and green bars= 50 micrometers; positive
staining is indicated by brown pigment within cytoplasm. VEGF (left panel): red arrows point to malignant tumor cells; yellow arrows
point to stromal tissue (connective tissue, endothelial cells); The positive control group showed 5.2±0.9% of tumor and stromal cells
positive to VEGF while both treatment groups showed more than 90% immunopositivity. HK (right panel): orange arrows point to HK-
positive endothelial cells; green arrows point to HK-negative endothelial cells. The positive control group showed more than 75% of
endothelial cell immunopositivity while both treatment groups showed significantly less HK-positive endothelial cells (early treatment:
27.2±1.8%; late treatment: 42.3±7.4%). There was no difference in immunopositivity for uPAR, FGF-2, BIR, and B2R among all
experimental groups
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previously demonstrated that although mAb C11C1 has
no effect on in vitro proliferation, it does inhibit the
growth and angiogenesis in vivo of a human colon car-
cinoma (HCT-116) [5]. Our results indicate that the de-
crease in tumor growth is not due to an intrinsic
decrease in the rate of tumor cell proliferation since the
MM-secreting mAb C11C1 grows equally fast in vitro
as those hybridomas secreting B38 mAb during the first
48 h, and faster by 96 h after plating. The antibody ef-
fect is not cytotoxic since cell viability in vitro was
greater than 90%. In all protocols, C11C1 tumors grew
slowly and when not excised, they regressed to an
undetectable size. When comparing incidence and tumor
volume, C11C1-MM implanted mice had a decreased
incidence and tumor volume (in all protocols) than B38-
MM implanted mice. In protocol I, B38-MM grew faster
and followed the expected growth pattern of a murine
myeloma (it spread throughout the abdominal cavity,
involving both solid and hollow organs) (Fig. 1a).
Quantitative evaluation of MVD (vessels/mm2 and the
percentage area occupied by vessels) in all protocols
assessed (I, II and IV) was significantly decreased in the
C11C1-MM group when compared to the B38-MM
group (Figs. 1b, 2b and 4b).

In protocol III, we were able to demonstrate that
mAb C11C1 had an in situ paracrine effect. MAb
C11C1 significantly slowed the growth of B38-MM
when they were implanted together (Fig. 3). In protocol
IV, we demonstrated that purified mAb C11C1 was
effective systemically in the treatment of B38-MM but it
did not inhibit its early growth (Fig. 4a). We attribute
the lag in effect of mAb C11C1 in the early-treatment
group to the dependency on diffusion in the avascular
phase of tumor growth [11] since C11C1-MM cells grow
well in vitro. As expected, the groups treated with mAb
C11C1 showed a significantly decreased MVD (Fig. 4b).
In this protocol, we also assessed some of the growth
factors associated with tumor growth such as FGF-2
and VEGF (Table 1, Fig. 5). Plasma cells from MM
have been shown to produce FGF-2 [12, 13] and VEGF
[14] as do the B38-MM cells. In the case of the latter, we
found interesting results: the untreated group had rare
VEGF expression (5.17±0.87%) in both stromal and
plasma cells while both treated groups showed more
than 99% expression (stromal and plasma cells). How
can we explain the increase in VEGF expression in the
treated groups? There are multiple regulatory pathways
of VEGF expression [15–18]. Thus, one possible expla-

Fig. 6 The Plasma Kallikrein–Kinin System and mAb C11C1 effect in the angiogenic cascade. a C11C1 mAb and the angiogenic cascade.
MAb C11C1 C11C1 monoclonal antibody. HK high-molecular-weight kininogen. PK prekallikrein. EC endothelial cell. Prcp
prolylcarboxypeptidase. FXIIa activated coagulation factor XII. HKa cleaved high-molecular-weight kininogen. IL-8 interleukin 8. BK
bradykinin. B2R bradykinin 2 receptor. eNOS endothelial cell nitric oxide system. VEGF: vascular endothelial growth factor. IL-6
interleukin 6. FGF-2 fibroblast growth factor 2, basic fibroblast growth factor. ECM extracellular matrix. uPA urokinase type
plasminogen activator. The plasma complex HK–PK binds to the endothelial cells, where PK is activated to kallikrein (by either Prcp or
FXIIa). Kallikrein cleaves HK releasing HKa and BK. BK stimulates IL-8 secretion (a potent angiogenic and tumor growth inducer) and
the production and secretion of eNOS through the B2R on the surface of stromal and tumor cells. eNOS induces endothelial cell release of
VEGF and endothelial cell proliferation and migration. VEGF induces eNOS and IL-6 release (which promotes tumor growth).
Kallikrein also cleaves prourokinase to urokinase initiating a different pathway. Urokinase is involved in cell/ECM interactions favoring
tumor spread and endothelial cell migration. Urokinase also activates plasminogen into plasmin and the proteolysis of the extracellular
matrix releasing FGF-2. FGF-2 induces endothelial cell migration and the release of IL-6, which promotes tumor growth. MAb C11C1
inhibits the adhesion of HK and/ or the HK–PK complex to the endothelial cells, inhibiting the BK and uPA activation through kallikrein
thus inhibiting tumor angiogenesis and growth. b Plasma Kallikrein-Kinin system: Consists of three proteins, Factor XII (FXII),
Prekallikrein (PK), and high-molecular-weight kininogen (HK). Activated FXII (FXIIa) cleaves PK to kallikrein; kallikrein cleaves HK
releasing BK and activated HK (HKa)
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nation is that the VEGF expression seen in the treatment
groups may be secondary to hypoxia pathways. Since
our treatment interfered with the pathways of BK
stimulation of VEGF production and secretion
(Fig. 6a), and although such interference was enough to
decrease vascular and tumor cell proliferation, it did not
block the pathways regulated by hypoxia [19].

FGF2 has a complex role in tumor development, it
induces endothelial cell proliferation, migration and
angiogenesis in vitro [20]. FGF-2 regulates the expres-
sion of several molecules that mediate critical steps
during angiogenesis including interstitial collagenase,
uPA, plasminogen activator inhibitor (PAI-1), uPA
receptor (uPAR), and b1 integrins [21, 22].

Expression of the BK receptors, B1R [23, 24] and
B2R [25, 26] have been identified in different clinical
cancer specimens and murine tumor and stromal tissues.
In our MM model, B1R expression was absent in all
experimental groups while B2R was diffusely positive in
B38 myeloma cells.

Finally we compared HK in vivo binding among the
three groups. As expected HK staining was significantly
decreased in both experimental treatment groups, since
mAb C11C1 blocks HK binding to endothelial cells.
These results are similar to our findings in human colon
carcinoma specimens from mAb C11C1-treated nude
mice [5].

A central focus in the pathophysiology of MM is the
complex interactive network between MM cells and
their environment [27], including regulatory pathways
and interactions among adhesion molecules and cyto-
kines, which support the growth of malignant plasma
cells, protect them from apoptosis and contribute to
their neovascularization (Fig. 6a). We and other labo-
ratories have reported that HK induces angiogenesis
through BK release [28, 29]. HK binds to endothelial cell
membranes through an interaction with a multiprotein
receptor complex comprising cytokeratin-1, a receptor
of the q-subunit of the complement first component
(gC1qR) and uPAR [30]. The ligation of this receptor
complex regulates the assembly and activation of the
plasma kallikrein–kinin system (Fig. 6b) and enhances
the conversion of prourokinase to urokinase by kallik-
rein, as well as cell-associated fibrinolysis by plasmin
[31]. We have shown that C11C1 binds to the epitope in
HKD5 [7] preventing HK binding to the endothelial cell
surface [5] and blocking HK proteolysis, inhibiting the
release of angiogenic BK [28].

Our approach interferes with at least two angiogenic
and tumor growth-induction pathways, BK, and the
uPA/uPAR system [32, 33]. Thus, we propose that the
model of B38-MM provides a useful tool to study the
interactions of this hematopoietic tumor and its envi-
ronment in an accessible area, in an immunocompetent
host. We also postulate that by blocking HK binding to
the endothelial cells, we inhibit the production of kal-
likrein, BK and urokinase. Decrease of kallikrein will
result in decrease of BK (from cleaved HK) and uroki-
nase (from prourokinase). Lower levels of BK will also

result in decreased stimulation of the nitric oxide system
(NOS) pathway [34, 35], which is involved in the pro-
duction and secretion of VEGF [36]. There have been
reports of BK stimulating the production of a chemo-
kine, interleukin 8 [37] which is also considered a potent
angiogenic and tumor growth inducer [38–41]. Decrease
in urokinase will result in decrease in the production of
plasmin that proteolyses fibrinogen and stimulates the
secretion of FGF-2 [42, 43]. Furthermore, the uPA/
uPAR system is involved in cell/ECM interactions and
regulates cell migration [44, 45]. The decrease in the
secretion of VEGF and fibrinogen proteolysis [46] by
these pathways will decrease both, tumor cell prolifera-
tion and angiogenesis.

We have tested the effects of mAb C11C1 in the three
main histological types of tumors: a human sarcoma
(HT-1080) [47]; a human epithelial carcinoma (HCT-
116) [5]; and a hematologic malignancy (B38 murine
multiple myeloma). Supported by our results, we suggest
that the use of mAb C11C1 as an antiangiogenic treat-
ment in combination with conventional cytotoxic, radi-
ation or immunotherapy may improve the efficacy of
these anticancer therapies by decreasing the tumor
burden. Furthermore, the reported patients with known
kininogen deficiencies are asymptomatic and long-lived
[48] thus HK inhibition by this selective mAb would
have minimal adverse side effects.
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