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Abstract

To confirm whether human cancer-induced stromal cells are derived from bone marrow, bone marrow (BM) cells obtained from
B-galactosidase transgenic and recombination activating gene 1 (RAG-1) deficient double-mutant mice (H-2b) were transplanted
into sublethally irradiated severe combined immunodeficient (SCID) mice (H-2d). The human pancreatic cancer cell line Capan-1
was subcutaneously xenotransplanted into SCID recipients and stromal formation was analyzed on day 14 and on day 28. Im-
munohistochemical and immunofluorescence studies revealed that BM-derived endothelial cells (X-gal/CD31 or H-2b/CD31 double-
positive cells) and myofibroblasts (X-gal/a-smooth muscle actin or H-2b/a-smooth muscle actin double-positive cells) were present
within and around the cancer nests. On day 14, the frequencies of BM-derived endothelial cells and BM-derived myofibroblasts were
25.3+£4.4% and 12.7+9.6%, respectively. On day 28, the frequency of BM-derived endothelial cells was 26.7 £9.7%, which was
similar to the value on day 14. However, the frequency of BM-derived myofibroblasts was significantly higher (39.8 £+ 17.1%) on day
28 than on day 14 (P < 0.05). The topoisomerase Ila-positive ratio was 2.2 + 1.2% for the H-2b-positive myofibroblasts, as opposed
to only 0.3 4+0.4% for the H-2b-negative myofibroblasts, significant proliferative activity was observed in the BM-derived myofi-
broblasts (P < 0.05). Our results indicate that BM-derived myofibroblasts become a major component of cancer-induced stromal
cells in the later stage of tumor development.
© 2003 Elsevier Inc. All rights reserved.
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The invasion of cancer cells into surrounding tissue is
the hallmark of malignancy, and the invasion process is
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associated with considerable destruction and regenera-
tion of intercellular elements, such as the extracellular
matrix of the local connective tissue. This newly syn-
thesized stroma is called “cancer induced stroma,” and
the main constituents of cancer stroma are inflammatory
cells, including lymphocytes, granulocytes, and macro-
phages, the endothelial cells of blood and lymph vessels,
pericytes, and fibroblasts. Although roles of inflamma-
tory cells and endothelial cells have been reported to be
involved in tumor immunity [I] and neoangiogenesis
[2,3], those of fibroblasts which participate in
cancer progression have not been fully elucidated yet.


mail to: aochiai@east.ncc.go.jp

G. Ishii et al. | Biochemical and Biophysical Research Communications 309 (2003) 232-240 233

Fibroblasts can convert into smooth-muscle-actin-posi-
tive fibroblasts, i.e., myofibroblasts or activated fibro-
blasts, and produce collagens and extracellular matrix
proteins in response to several extracellular stimuli [4,5].
This step is called the “desmoplastic reaction” and is a
kinetic sequence of events in the invasion process. In-
vestigators of the biology of this cancer-induced stroma,
including ourselves have found evidence that the pro-
liferative activity of stromal fibroblasts is closely linked
to lymph node and distant organ metastasis [6,7] and
that soluble factor secretion by stromal fibroblasts in-
fluences tumor progression [8-10]. While most investi-
gators believe that fibroblasts represent a cell type of
limited diversity, since fibroblasts have been observed to
express subtle biochemical differences and phenotypic
variability and to respond differently to cytokines and
matrix depending on their tissue origin [11-17], hetero-
geneity may exist in the biological characteristics of
stromal fibroblasts and myofibroblasts. Because of the
lack of a good animal model which represents human
cancer-induced stroma, the pathogenesis of the stromal
reaction in human cancer has remained unclear. In this
study, we used human pancreatic cancer cell line Capan-
1 that induces desmoplastic stroma when xenotrans-
planted in severe combined immunodeficient (SCID)
mice in order to develop an animal model that would
allow analysis of the pathogenesis of the cancer-induced
stromal reaction. We used SCID mice as recipients after
their bone marrow (BM) cells had been reconstituted
with marrow cells from B-galactosidase transgenic and
recombination activating gene 1 deficient double-mutant
mice. The results showed that the cancer-induced stroma
generated by invasive cancer consists of both BM-de-
rived and non-BM-derived myofibroblasts and that BM-
derived myofibroblasts were incorporated into cancer
induced stroma mainly in advanced stage rather than in
early stage of cancer development. This paper reports the
first model system for studying the pathogenesis of the
cancer-induced stromal reaction by human cancer cells.

Materials and methods

Animals. B-Galactosidase transgenic (f-gal Tg) mice (ROSA 26,
C57BL/6 background: H-2b) [18] and recombination activating gene 1
(RAG-1) —/— mice (C57BL/6 background: H-2b) [19] were purchased
from Jackson ImmunoResearch Laboratories (West Grove, PA). The
B-gal Tg mice were mated with RAG-1-/— mice to generate F1 off-
spring that were heterogenous for both genes. The F2 offspring of the
F1 interbreeding were screened by Western blot analysis for the ab-
sence of serum IgM [19]. Mice identified as RAG-1-/— were screened
for X-gal staining of peripheral blood mononuclear cells and skin
keratinocytes. RAG-1-/— B-gal+/— mice that were identified were
further intercrossed, and the F3 offspring were screened based on se-
rum IgM level and X-gal staining level. f-gal Tg and RAG-1-/— mice
were further bred in our animal facility. Female SCID mice (C.B-17
background: H-2d), 6 weeks of age, were purchased from CLEA
JAPAN, (Tokyo, Japan) and maintained at the National Cancer
Center Research Institute East (Chiba, Japan). All animals were

maintained under specific-pathogen-free, temperature-controlled-air
conditions throughout this study, in accordance with the Institutional
Guidelines. Written approval of all animal experiments was obtained
from the local Animal Experiments Committee of National cancer
Center Research Institute.

Cell preparation and bone marrow transplantation. A 21 G needle on
a Sml syringe was used to flush bone marrow from the femurs of p-gal
Tg RAG-1-/- mice with RPMI-1640 medium. A single cell suspension
was prepared by repeated gentle aspirations of the marrow plug with
the same syringe and large tissue pieces were removed from the sus-
pension by filtering them through a nylon filter. After 3.5 Gy whole-
body irradiation (28 Gy/h) of SCID mice with a 50,000Ci ®’Co source
in the irradiation room, 1 x 107 donor marrow cells were injected via
the tail vein.

Cell staining and analysis. Marrow cells of the SCID recipients were
flushed with phosphate-buffered saline (PBS) containing 3% fetal calf
serum (FCS), and the suspension was washed and passed through a
nylon mesh. Erythrocytes were lysed with ammonium chloride—po-
tassium buffer and the cells were incubated with H-2Kb-FITC
(PharMingen, San Diego, CA). After 20 min of incubation on ice, the
cells were washed twice and resuspended in PBS supplemented with 3%
FCS, 0.02% NaNj;, and 1 mg propidium iodide (PI)/ml. The negative
controls were cells stained with isotype-matched mouse immunoglob-
ulin antibodies. Stained cells were analyzed on FACScalibur (Becton—
Dickinson, Mountain View, CA).

Cell lines and cell cultures. Human pancreatic cancer cell line, Ca-
pan-1 was purchased from American Type Culture Collection
(Rockville, MD) and cultured at 37°C in RPMI 1640 medium con-
taining 20% FCS in a 5% CO, incubator.

Capan-1 xenografts in severe combined immunodeficient recipients. At
4 weeks after bone marrow transplantation (BMT), 5 x 10® Capan-1
cells were xenografted into the subcutaneous tissue of SCID recipients.
Capan-1 cells were harvested after trypsinization (0.05% trypsin—0.02%
EDTA) and collected, washed in medium, counted, and resuspended.
Mice were killed by cervical dislocation 2 and 4 weeks after xenografting.

X-gal staining, immunohistochemistry, and immunofluorescence
analysis. X-gal staining was performed as previously described [20].
Xenografted cancer tissue was fixed in 4% paraformaldehyde in PBS
for 1h on ice. Fixed samples were washed twice in washing buffer A
(PBS containing 2mM MgCL—6H,0, and 5mM EGTA) and washing
buffer B (PBS containing 2mM MgClL,—6H,0, 0.01% sodium deoxy-
cholate, 0.02% Nonidet P-40). After staining samples overnight at
37°C in X-gal staining solution (0.1% 5-bromo-4-chloro-3-indoyl-B-p-
galactopyranosidase, 5SmM K;3Fe(CN)s, and 5mM KyFe(CN)s in
washing buffer B), they were snap frozen, and serial 6 pm sections were
counterstained with hematoxylin prior to microscopic examination.
Immunohistochemical staining was performed with DAKO EnVi-
sion + System-HRP (Dako, Grostrup, Denmark). Samples were pre-
fixed in 4% paraformaldehyde in PBS for 1h on ice, then washed in
washing buffer A and B. The tissues were embedded in OCT com-
pound and snap-frozen in liquid nitrogen. Samples were sectioned at 5-
um and incubated with primary antibodies. The primary antibodies
used here were a mouse monoclonal antimouse H-2Kb (AF6-88.5;
PharMingen), at a 1:100 dilution; a mouse monoclonal anti a-smooth
muscle actin («-SMA) (1A4; Sigma Chemical, St. Louis, MO), at a
1:400 dilution; a rat monoclonal antimouse CD31(MEC13.3; PharM-
ingen), at a 1:100 dilution, and a rabbit polyclonal anti-topoisomerase
IIoe (Novocastra, UK), at a 1:100 dilution. Immunofluorescence anal-
ysis was performed by sectioning prefixed specimens at 10 um and
incubating them with primary antibodies, including mouse monoclonal
antimouse H-2Kb-FITC (AF6-88.5; PharMingen), at a 1:100 dilution;
a mouse monoclonal anti a-SMA-Cy3 (1A4; Sigma), at a 1:400 dilu-
tion; and a mouse monoclonal anti Vimentin (VIM 3B4; PROGEN,
Germany), at a 1:100 dilution. After mounting, sections were examined
with MRC-1024 confocal imaging system (Bio-Rad, Gercules, CA).
Confocal images were stored as digital files and viewed with Photoshop
(Adobe, Mountain View, CA).
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Assessment of the immunohistochemistry findings. The proportions
of bone marrow-derived endothelial cells were determined by the ratio
of H-2Kb positive endothelial cells to the total number of CD31 po-
sitive endothelial cells using serial sections. The proportions of bone
marrow-derived myofibroblasts were determined by the ratio of H-
2Kb positive myofibroblasts to the total number of a-SMA positive
myofibroblasts using serial sections. The fields for cell counting were
selected in both inner area and outer area of each xenografts (n = 4).
At least 50 endothelial cells and 100 myofibroblasts were counted in
high-power field (400x) and each numerical value was averaged.

Results

Generation of an animal model of the cancer-induced
stromal reaction

Sublethally irradiated SCID (H-2d) mice were in-
jected with 1 x 107 BM cells from B-gal Tg and RAG-1
deficient double-mutant mice (B-gal Tg RAG-1-/—, H-
2b). H-2 phenotyping of BM cells from the recipient
mice demonstrated that their marrows had been recon-
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Fig. 1. H-2 phenotyping of BM cells from reconstituted SCID mice.
BM cells from the SCID recipient reconstituted by p-gal Tg RAG-1-/—
mice were analyzed for H-2Kb expression by flow cytometry (thin
line). Marrow cells from SCID mice were used as a negative control
(broken line) and cells from donor mice (B-gal Tg RAG-1-/-) were
used as a positive control (bold line).

stituted by high levels (>90%) of donor cells 4 weeks
after BMT (Fig. 1). Histological examination did not
reveal any obvious evidences of graft-versus-host disease
(GVHD) effects in the liver, lungs, colon, skin, or spleen
of a large series of SCID recipients. Four weeks after
BMT, we subcutaneously inoculated SCID recipients
with human pancreatic cancer cell line Capan-1 and 2
and 4 weeks later tumors that had developed were re-
sected and examined histologically. Examination of
subcutaneous Capan-1 tumors showed glandular for-
mation with mucus production. Many spindle-shaped
fibroblasts were arranged in disarray fashion and inter-
mingled with inflammatory cells in the peritumoral and
intratumoral area (Figs. 2A and B). The morphological
features of Capan-1 resembled the desmoplastic reaction
usually seen in human invasive cancer stroma.

Incorporation of bone-marrow-derived cells into cancer-
induced stroma

In order to determine whether BM cells contribute to
the pathogenesis of cancer-induced stromal reaction in
this model, we first analyzed B-gal enzyme activity in the
resected tumors. Fig. 3A shows macroscopic appearance
of X-gal whole-mount staining of resected tumors in
SCID mice recipients on day 28. The cut surface of the
tumors revealed extensive blue areas, whereas the tu-
mors of the SCID mice whose BM was reconstituted
with B-gal-/— (wt) RAG-1-/— marrow cells were tanish-
white. Microscopically, X-gal-positive cells were found
in cancer-induced stroma of SCID mice recipients,
whereas no X-gal-positive cells could be detected in the
mice reconstituted with B-gal-/— (wt) RAG-1-/- (Figs.
3B and C). The B-gal expressing cells consisted of in-
flammatory cells, spindle cells, and endothelial cells.
These results indicated that donor BM cells were fre-
quently incorporated into cancer-induced stroma. Con-
sistent with previous reports, some endothelial cells were

Fig. 2. Microscopic appearance of Capan-1 xenotransplanted into the SCID recipients (day 28). (A) Many spindle-shaped fibroblasts are arranged in
disarray fashion and intermingled with inflammatory cells in the peritumoral and intratumoral area. (B) A higher power view of the same area.
Stromal formation resembled human desmoplastic stroma induced by invasive cancer. Arrowheads indicate the activated fibroblasts.
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Fig. 3. Detection of donor-BM-derived cells by X-gal staining. (A) Macroscopic appearance of tumors on day 28 after X-gal staining. The cut surface
of the tumor of a SCID recipient revealed extensive blue areas (left), whereas the tumor of SCID mice whose BM was reconstituted with the marrow
cells of B-gal-/— (wt) RAG-1-/— was tanish-white (right). Microscopic appearance of tumors on day 28 after X-gal staining. No X-gal-positive cells
were detected in the tumors of SCID mice whose BM was reconstituted with marrow cells of B-gal-/— (wt) RAG-1-/— mice (B). X-gal-positive cells
were found in cancer desmoplastic stroma of SCID recipients whose BM was reconstituted with the marrow cells of B-gal Tg RAG-1-/— mice (C).
Some endothelial cells were X-gal/CD31 double-positive (arrow, D). Spindle cells that were unassociated with vasculature and reacted positively for
X-gal were observed (arrows, (E). High-power photograph of E (F). Spindle cells within and around the cancer nest were a-SMA positive (G). These
myofibroblasts were both a-SMA- and X-gal-positive (H).
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Fig. 4. Immunohistochemical detection of donor-BM-derived cells. a-SMA (A), H-2Kb (B), and CD31 (C) staining of serial sections of desmoplastic
stroma. No cells in resected tumors without BMT were positive for anti-H-2Kb (D). (E-F) Colocalization of a-SMA and H-2Kb on spindle cells in
the cancer-induced stroma. The upper left panel shows cells immunostained with anti-H-2Kb antibody. The upper right panel shows a-SMA
fluorescence in the same area. The lower left panel shows a composite of both fluorophores. The lower right panel shows a higher power view of the
same area. (G-H) Colocalization of vimentin and H-2Kb on spindle cells in the cancer-induced stroma. The upper left panel shows cells immu-
nostained with anti-H-2Kb antibody. The upper right panel shows vimentin fluorescence in the same area. The lower left panel shows a composite of
both fluorophores. The lower right panel shows a higher power view of the same area.
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X-gal-positive (Fig. 3D). Spindle cells that were unas-
sociated with vasculature and reacted positively for X-
gal staining were also observed (Figs. 3E and F). Spindle
cells in disarray fashion within and around the cancer
nests appeared to be activated myofibroblasts and were
both a-SMA and X-gal positive (Figs. 3G and H). We
used an antibody specific for mouse H-2Kb to further
investigate whether these myofibroblasts were of BM
origin and found that immunohistochemical detection
of H-2Kb seemed to be more sensitive than X-gal
staining and equally specific. Although, we were unable
to detect any cells positive for anti-H-2Kb within the
resected tumor of the SCID mice in the absence of BMT
(Fig. 4D), many cells positive for H-2Kb were detected
in the tumor tissue when BMT had been performed.
Figs. 4A—C show the results of staining for a-SMA, H-
2Kb, and CD3l1, respectively, in serial sections of des-
moplastic stroma. About half of the spindle cells in this
area were o-SMA/H-2Kb positive, but negative for
CD31. The immunofluorescence study also confirmed
the presence of o-SMA/H-2Kb or vimentin/H-2Kb
double-positive fibroblasts in the cancer-induced stroma
(Figs. 4E-H). These results indicate that myofibroblasts
of donor BM origin were incorporated into the cancer-
induced stroma.

Contribution of BM-derived myofibroblasts to the stromal
reaction in the early and late phase of tumor development

In order to analyze how the donor BM-derived
myofibroblasts contribute to the stromal reaction in
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Fig. 5. BM-derived myofibroblasts in the resected Capan-1 on days 14 and 28 after xenotransplantation. a-SMA (A) and H-2Kb (B) staining results
in serial sections 14 days after xenografting. Few myofibroblasts in resected tumors are positive for anti-H-2Kb. a-SMA (C) and H-2Kb (D) staining
results in serial sections 28 days after xenografting. Myofibroblasts adjacent to the cancer nests were H-2Kb negative. On the contrary, most
myofibroblasts on the outside of H-2Kb negative myofibroblasts were H-2Kb positive.

early and late phase of tumor development, we exam-
ined the state of the BM-derived myofibroblasts in the
resected tumors on days 14 and 28 after subcutaneous
Capan-1 xenotransplantation. The average volume of
the tumors on days 14 and 28 was 53.3+31.0 and
456.9 £ 320.9 mm?, respectively. On day 14, small vessels
were observed mainly around the cancer nests and the
frequency of CD31/H-2kb double-positive cells (BM-
derived endothelial cell) was 25.3 +£4.4%. Myofibro-
blasts were also mainly seen around the cancer nests and
only a small proportion of myofibroblasts (12.7 £+ 9.6%)
was a-SMA/H-2Kb double-positive (BM-derived myo-
fibroblast) (Figs. SA and B). Tumors resected on day 28
showed strong stromal reaction both within and around
the cancer nests, which resembled desmoplastic stroma
usually seen in human invasive cancer. At this stage, the
average proportion of CD31/H-2Kb double-positive
cells was 26.7+9.7% (n =4). On the contrary, the av-
erage proportion of a-SMA/H-2Kb double-positive cells
had increased to 39.8 £17.1% (n = 4) (Fig. 6A). Myo-
fibroblasts adjacent to the cancer nests were H-2Kb
negative when examined in serial sections, indicating
that they were non-BM-derived myofibroblasts. On the
contrary, most myofibroblasts on the outside of H-2Kb
negative myofibroblasts were H-2Kb positive (Figs. 5C
and D). These findings suggest that donor-BM-derived
myofibroblasts were incorporated into the cancer stro-
ma mainly in the late stage (day 28) of cancer develop-
ment. The proliferative activity of the myofibroblasts in
the stroma was analyzed by calculating the Topoiso-
merase Ilo positive ratio, 2.2+1.2% of the H-2Kb-
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Fig. 6. (A) Percentage of H-2Kb positive myofibroblasts among 500
myofibroblasts in serial sections. Values are means of data from four
experiments. Bars, SE. (B) Percentage of nuclear topoisomerase Ilo
positive myofibroblasts among 500 H-2Kb positive and negative
myofibroblasts in serial sections. Values are means of data from four
experiments. Bars, SE.

positive myofibroblasts were found to be as opposed to
only 0.3+0.4% of H-2Kb-negative myofibroblasts
(Fig. 6B) and significant proliferative activity was ob-
served in the BM-derived myofibroblasts (P < 0.05).

Discussion

The pathogenesis of the stromal reaction in human
cancer has remained unclear because of the lack of a
good animal model. The main outcome of our study was
the establishment of a SCID mouse model that can be
used to analyze the stromal response to invading human
cancer cells. We used human pancreatic cancer cell line
Capan-1 from the following reasons. First, almost all
mouse cancer cell lines show solid growth and only quite
a little stroma was seen in these cancers when trans-
planted into immunodeficient mouse, thus evaluating
that the pathogenesis of cancer-induced stroma is un-
suitable. Second, we examined cancer-induced stroma
using various human cancer cell lines and found that
stroma generated by Capan-1 resembled human des-
moplastic stroma when transplanted into SCID mice.
Because of evidences that fibroblasts are heterogeneous
in regard to proliferative activity and synthesis of ex-
tracellular matrix in the presence of pathological fibrosis
[6,7,11-17,21], we hypothesized that the origin of fi-
broblasts in cancer-induced stroma was also heteroge-
neous. To test this hypothesis, we used SCID recipients
reconstituted with marrow cells from p-gal Tg and
RAG-1 deficient double-mutant mice. A small propor-
tion (13%) of H-2Kb/a-SMA double-positive myofi-
broblasts that were unassociated with CD31-positive
cells was observed around the cancer nest 2 weeks after
tumor xenotransplantation. These results indicate that a
small number of BM-derived myofibroblasts are incor-
porated into cancer stroma even in the early stage of
tumor growth. On the other hand, by 4 weeks after tu-

mor implantation, about 40% of the myofibroblasts in
the cancer-induced stroma were of BM origin. Immu-
nohistochemical staining of serial sections revealed that
non-BM-derived myofibroblasts exist adjacent to the
cancer nest, whereas BM-derived myofibroblasts were
on the outside of non-BM-derived myofibroblasts.
These data indicated that BM-derived myofibroblasts
were incorporated into cancer-induced stroma mainly in
the late stage of tumor development. By contrast, the
proportion of BM-derived endothelial cells on late phase
was almost the same as that on early phase. Taking these
results into consideration, it was also deduced that
BM-derived myofibroblasts might contribute to the
pathogenesis of cancer-induced desmoplastic reaction
and might change the “microenvironment” that influ-
ences tumor growth. Furthermore, the results of the
present study suggest that the local tissue reaction starts
at the circumference of a neoplasm in the early stage of
tumor development, whereas a remote reaction via the
hematopoietic system may act as a regulator of the
desmoplastic reaction in the late phase. The BM-derived
myofibroblasts in the present study had higher prolif-
erative activity than the non-BM-derived myofibro-
blasts. In view of this finding and previous reports
showing that the proliferative activity of stromal fibro-
blasts is closely linked to lymph node and distant organ
metastasis [6,7], BM-derived myofibroblasts may pro-
mote cancer progression. Further analysis is required to
elucidate functional differences between BM-derived
and non-BM-derived myofibroblasts [22].

The precise origin of myofibroblasts and the mole-
cules involved in their directed migration remains un-
known. Several observations have indicated that BM
cells exhibit remarkable plasticity and can differentiate
into hepatocytes, biliary epithelial cells, endothelial cells,
skeletal muscle cells, cardiomyocytes, and neural cells
[23-27]. There have been reports suggesting that myo-
fibroblasts can be derived from bone marrow cells
[28,29]. Iwano et al. demonstrated that about 15% of
bone-marrow-derived myofibroblasts were incorporated
into fibrogenic kidney stroma [28]. Our previous study
showed that myofibroblasts differentiate from human
BM mesenchymal stem cells when exposed to colorectal
carcinoma cell lines in vitro [30]. It is possible to spec-
ulate that the incorporated myofibroblasts originate
from the population of circulating “fibrocytes” that
comprise 0.1-0.5% of the human non-erythrocytic cell
population in peripheral blood described by Abe et al.
[31,32]. Circulating fibrocytes migrate to skin wounds
and are smooth muscle actin positive. They express
collagens I and III, fibronectin, CD45RO, CDI13, and
CD34. Moreover, fibrocytes isolated from peripheral
blood have been reported to secrete a unique profile of
cytokines [33]. Thus it is also possible that fibrocytes
derived from BM enter the peripheral blood and migrate
to the cancer induced stroma.
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In this study, we sublethally irradiated SCID (H2-d)
mice and infused them with B-gal Tg RAG-1-/- BM
cells (H2-b). Although it seemed plausible that GVHD
might artificially influence BM cell contribution to the
pathogenesis of cancer induced stromal reaction, we did
not find any clear evidence of GVHD effects in a his-
tological examination [34] and did not observe any BM-
derived myofibroblasts in non-cancerous subcutaneous
tissue, lung, spleen or liver (data not shown). Therefore,
our findings demonstrate a specific contribution of BM-
derived cells to the cancer induced stroma.

Targeting the tumor microenvironment would in-
crease the treatment effectiveness for cancer [35,36]. Our
results raise the possibility of using BM-derived myofi-
broblast progenitor cells as targets of novel therapies to
prevent or slow the local growth of cancer cells. There
are advantages to using myofibroblast progenitor cells
as targets. First, it is likely that most invasive cancers
cause a desmoplastic reaction to some extent, thereby
providing a common target for the treatment of many
types of cancers. Second, myofibroblasts are normal
cells with a low intrinsic mutation rate and therefore are
less likely to acquire a drug-resistant phenotype than the
genetically unstable cancer cells. A drug delivery system
that uses BM-derived myofibroblast progenitor cells
would be an attractive means of providing long-term
expression of these proteins.
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