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Human breast carcinoma desmoplasia is PDGF initiated Zhi-Ming Shao1, Mai Nguyen2,3 and Sanford H Barsky*,1,3 1
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The desmoplastic response to human breast carcinoma is a host myo®broblast-mediated collagenous response exhibiting synergistic e€ects on tumor progression. Although many paracrine interactions between breast carcinoma cells and myo®broblasts have been characterized, the event(s) which initiate desmoplasia have remained unde®ned. Our studies utilized c-rasH transfected MCF-7 cells which overexpress ras p2l and which are weakly tumorigenic in ovariectomized nude mice. The xenografts are desmoplastic and comprised of 30% myo®broblasts and 60 mg/g of interstitial collagen. In situ hybridization studies of these xenografts reveal a stromal gene expression pattern (stromelysin-3, IGF-II and TIMP-1) identical to that observed in human tumor desmoplasia. 17-b estradiol increases c-rasH MCF-7 growth but abolishes desmoplasia. c-rasH MCF-7 in vitro constitutively produce myo®broblast mitogenic activity which competes with PDGF in a receptor binding assay. This myo®broblast mitogenic activity is unaltered by 17b estradiol/tamoxifen pretreatment in vitro. Transfection of c-rasH MCF-7 with a PDGF-A dominant negative mutant, 1308, produced by site-directed mutagenesis (serine?cysteine129) reduces both homo- and heterodimer secretion of PDGF by as much as 90% but does not interfere with the secretion of other growth factors. Clones with low PDGF, though tumorigenic, are nondesmoplastic. Our results suggest that breast carcinomasecreted PDGF is the major initiator of tumor desmoplasia. Oncogene (2000) 19, 4337 ± 4345. Keywords: PDGF; desmoplasia; breast carcinoma; paracrine growth factors; dominant-negative mutants; c-rasH Introduction The desmoplastic response to tumor invasion is a poorly understood host mediated collagenous response responsible for the `hard lump' appearance of many human cancers, most notable of which is human breast cancer (Barsky and Gopalakrishna, 1987b). The desmoplastic response is neither a pathognomonic sign nor a sine quan non of malignancy being present in many benign neoplasms as well as absent in many malignant tumors. The desmoplastic response is nearly an exclusively human occurrence, however, being quite rare among spontaneous and transplantable animal tumors and absent in most human tumoral xenografts in athymic `nude' mice (Povlsen, 1980). During the past *Correspondence: SH Barsky Received 13 May 2000; revised 15 June 2000; accepted 4 July 2000



two decades, several mechanistic hypotheses for human tumor desmoplasia have been advanced which include an immune cytokine mechanism, a blood and tissue coagulation mechanism, and a paracrine growth factor mechanism (Dvorak et al., 1981a,b; Peres et al., 1987). The di�culties inherent in proving any of these proposed mechanisms involve the lack of a good experimental model where the desmoplastic response occurs and can be successfully perturbated. Of all human cancers, the desmoplastic response is most common in carcinomas of the breast and yet wellestablished ER positive and ER negative human breast carcinoma cell lines uniformly produce no appreciable desmoplastic response in athymic mice (Povlsen, 1980). This latter observation is especially surprising since the majority of these cell lines were derived from pleural e€usions whose primary tumor of origin was desmoplastic (Barsky and Gopalakrishna, 1987a). Since one fundamental di€erence between autochthonous human tumors and human tumoral xenografts in immunocompromised mice is the comparatively rapid growth of the latter, we hypothesized that one explanation for the absence of desmoplasia in human xenografts was the rapid growth of the tumor cells which might overwhelm any host stromal response. We also considered another possible explanation: that the breast carcinoma cell lines had lost their desmoplasiainducing phenotype with increasing in vitro passage through the loss of a critical gene product(s) such as a paracrine growth factor(s). It had been demonstrated that v-rasH and c-rasH, when transfected into MCF-7 cells, resulted in estrogen-independent tumorigenicity (Kasid et al., 1985), augmented autocrine and paracrine growth factor production (Dickson et al., 1987), and slow tumoral growth in the absence of exogenous estrogen (Sommers et al., 1990). We reasoned that if desmoplasia were indeed both paracrine growth factor dependent and dependent on a slow tumoral growth rate, that utilizing these rasH recombinant MCF-7 cells might prove e€ective at establishing a human tumor xenograft model of desmoplasia which could be subsequently studied and perturbated to dissect out the molecular mechanisms involved.



Results Cell lines None of the cell lines (W9, W7, neo MCF-7) examined exhibited a desmoplastic response in the presence of exogenous estrogen. The tumors which emerged in the presence of estrogen were very cellular and devoid of a tumor stroma. In the absence of estrogen, tumorigeni-
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city and growth were both markedly decreased in all of the lines (Table 1). In the absence of estrogen, the W9 line however exhibited marked tumor desmoplasia. Its tumor nodules consisted of a striking myo®broblast/ ®broblast stromal collagenous component (Table 1 and Figure 1a,b). Stromal cells comprised 30% of the tumor (Figure 1c) and collagen was 60 mg/g by hydroxyproline determination (Table 1). These values far exceeded those of the other xenografts (P50.001). In situ hybridization studies of the desmoplastic W9 xenograft revealed strong signals of stromal gene expression (3 ± 10-fold increase over sense background) of stromelysin-3, TIMP-1 and IGF-II (P50.01). The pattem of stromal gene expression for stromelysin-3 and TIMP-1 was zonal, being highest in the stromal regions immediately around the carcinoma cells (Figure 1d). For IGF-II, a more di€use signal was observed within the stroma. ER negative lines such as the MDAMB-231 and the MDA-MB-468 grew as very cellular tumors in the absence of estrogen. All other breast carcinoma xenografts then except for the W9 grew as cellular tumors with little or no stroma formation and no desmoplasia (Figure 1e,f). Estrogen treatment of the W9 stimulated its growth and tumorigenicity but abolished its desmoplasia (Table 1) (P50.01). The W9, W7 and neo MCF-7 lines exhibited c-rasH p21 stability over multiple passages and multiple in vitro/in vivo experiments. The W9 line continued to express 40fold increased levels of c-rasH p21 whereas the W7 and neo MCF-7 lines continued to express normal or low levels of c-rasH p21 (Figure 2a). Myofibroblast mitogenic activity All of the cell lines examined including both ER positive (MCF-7, T47D), ER negative (MDA-MB-231 and MDA-MB-468) and c-rasH recombinant lines (W9, W7 and neo MCF-7) expressed signi®cant myo®broblast mitogenic activity (Figure 2b). The only exception was the MDA-MB-157 line, a line derived from a nondesmoplastic human medullary carcinoma (P50.01). The W9 line exhibited signi®cant mitogenic activity but was not the highest among the lines examined (Figure 2b). There was no correlation between c-rasH p21 levels and myo®broblast mitogenic activity (P40.1). The myo®broblast mitogenic activity of the W9 line was not altered by either 17b-estradiol or tamoxifen pretreatment (P40.1) (Figure 2c). The myo®broblast mitogenic fraction on gel ®ltration revealed a major peak (peak 2)



of activity at MW 30 000 (Figure 2d). This peak competed with [125I]PDGF in a PDGF receptor binding assay (Figure 2e). Western blot of both W9 CM (Figure 3a) and this fraction con®rmed the presence of PDGF (PDGF-AB, PDGF-AA, PDGF-BB). Transfection studies Transfection of c-rasH MCF-7 with a PDGF-A dominant negative mutant, 1308, produced by site-directed mutagenesis (serine?cysteine129) reduced both homoand heterodimer secretion of PDGF by as much as 90% (clone 2) (P50.01) (Figures 3a and 4a,b) but did not interfere with the secretion of other growth factors (P40.1). After transfection of the clones we analysed the mRNA by RNase protection analysis by ®rst hybridizing with a probe from wild-type PDGF-A spanning the region mutated in the 1308 construct (bases 345 ± 518 of the wild-type PDGF-A cDNA). Evidence of the presence of the 1308 (serine?cysteine129) mRNA was based on the presence of additional smaller molecular weight bands produced by RNase cleavage. Substitution of serine for cysteine129 is thought to destabilize PDGF-A subunits within the cell. Suppression of wild-type PDGF gene expression occurs because the mutant PDGF subunits dimerize with wild-type subunits (both PDGF-A and PDGF-B) to form inactive or unstable heterodimers. These heterodimers are di�cult to demonstrate within the cell because of their instability. The important point is that these heterodimers are not able to be secreted and the wild-type homodimerization products (PDGF-AA, PDGF-BB) and the wild-type heterodimerization products (PDGF-AB) which the mutant PDGF-A subunit blocks in a trans-dominant fashion are also not secreted. So the best assay for expression of the mutant proteins is the demonstration that there is no or very low levels of secreted PDGF in conditioned media. That is what we have demonstrated for clone 2 (Figures 3a and 4). The secretion of TGFa, TFG-b1, IGF-I and IGF-II which characterized the W9 parent was unaltered, however, in the PDGF-A transfectants including clone 2 (Figure 4c,d,e,f). The PDGF-A W9 clone (clone 2) maintained both its estrogen independence and estrogen responsiveness and exhibited similar degrees of tumorigenicity and growth as its W9 parent (P40.1) (Table 1). This clone with low PDGF, though tumorigenic, was nondesmoplastic (P50.01) (Figure 3b,c). These results suggest that breast carcinoma-secreted PDGF and not host PDGF (derived from platelets or stromal cells) nor any other



Table 1 The desmoplastic response in recombinant MCF-7 lines and the e€ects of estrogena Line



17b Estradiol b



PDGF -W9 PDGFb-W9 W9 W9 W7 W7 Neo Neo a



+ 7 + 7 + 7 + 7



Tumor incidence (%) 100 20 100 20 100 0 100 0



Size (diameter) (8 weeks) (mm) c



12+4 3+2 15+3 3+2 14+3 ± 14+4 ±



Myofibroblast composition (%) d



5+5 5+4 5+5 30+10 3+2 ± 3+2 ±



Collagen (mg/g) 55e 55 5 60 2.2 ± 1.8 ±



Results of groups of 10 mice are depicted. The W9 line in the absence of exogenous estrogen produced only a 20% incidence of tumors but these were consistently desmoplastic. With exogenous estrogen, tumorigenicity and growth rate signi®cantly increased but desmoplasia dramatically decreased. No other transfected lines gave signi®cant desmoplasia. bPDGF-A dominant negative mutant (clone 2) of W9 parent. c Values represent mean+standard deviation. dValues represent mean+standard deviation. eValues represent pooled cases of each group Oncogene
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Figure 1 (a) A model of tumor desmoplasia as illustrated by c-rasH MCF-7 cells growing in the mammary fat pad of ovariectomized female mice in the absence of exogenous estrogen. Note the ®brous (desmoplastic) response which surrounds the islands of the injected c-rasH MCF-7 cells. Mouse pectoralis muscle is depicted around the periphery of the mammary fat pad. Higher power magni®cation (b) reveals islands of hematoxyphilic tumor cells invading an eosinophilic stroma with spindleappearing myo®broblasts and ®broblasts elaborating a dense collagenous stroma. (c) At even higher magni®cation there are abundant stromal myo®broblasts and ®broblasts and a paucity of other cellular elements including tumor in®ltrating lymphocytes and blood vessels (angiogenesis). (d) In situ hybridization with an antisense stromelysin-3 probe reveals intense stromal signals (10fold increase) in a zonal distribution around islands of carcinoma cells in the W9 xenografts in the absence of estradiol. In situ hybridization studies with antisense TIMP-1 reveals a similar pattern of stromal signals (Inset, left). For IGF-II, a more di€use stromal signal was observed. These signals were identical to the pattern observed in human desmoplastic breast cancer. (e) The vast majority of human tumoral xenografts in athymic mice do not produce a desmoplastic response. Usually these xenografts have the appearance of a very cellular tumor with little if any stromal response as illustrated by this MDA-MB-231 xenograft at low (e) and high magni®cations (f)



growth factor elaborated by breast carcinoma cells (TGFa, TFG-b1, IGF-I or IGF-II) is the initiator of tumor desmoplasia. Discussion These ®ndings support a non-immune constitutive paracrine growth factor mechanism for tumor desmoplasia and support a hypothesis to predict the



occurrence of tumor desmoplasia. Tumors that do not secrete signi®cant PDGF would not be expected to exhibit tumor desmoplasia. Tumors that do secrete PDGF but have PDGF receptors may utilize PDGF as an autocrine growth factor and not have any more PDGF available to act in a paracrine fashion. Finally tumors that secrete PDGF and lack PDGF receptors but which grow very rapidly may outgrow the nascent ®broblast and myo®broblast response that their PDGF elicits and exhibit no desmoplasia. This hypothesis Oncogene
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Figure 2 (a) Serially passed c-rasH MCF-7 cells (W9) maintained in both the presence and absence of G418 selection revealed consistently high levels of p2l by 35S-methionine labeled immunoprecipitation experiments using a monoclonal anti-p21. Under conditions of this particular experiment, no p21 levels were detected in W7 or neo lines. In other experiments, normal (low) levels of p21 were detected in the W7 and neo cells. (b) Primary cultures of human myo®broblasts served as the target cell for thymidine incorporation induced by conditioned media of various human breast carcinoma cell lines. Using this in vitro system, various breast carcinoma cell lines including the c-rasH MCF-7 cells (W9) gave a similar range of mitogenic activities except for the nondesmoplastic tumor derived line, MDA-MB-157. (c) 17b-estradiol or tamoxifen pretreatment of W9 cells did not alter the constitutive levels of expression of myo®broblast mitogenic activity in W9 conditioned media even though the 17b-estradiol pellet dramatically decreased the desmoplastic response in the xenograft. (d) Fractionation of the W9 conditioned media on gel ®ltration produced a major peak (designated peak 2) occurring at MW 30 000. In this gel ®ltration fractionation, the open circle symbol (*) represents [3H]thymidine incorporation by primary myo®broblasts (c.p.m.6103) as a measurement of mitogenic activity in each of the fractions of W9 conditioned media; the closed circle symbol (*) represents total protein absorbance at 595 nm in each of the fractions of W9 conditioned media. (e) Using a [125I]PDGF receptor binding assay with CRL ®broblasts, this major peak demonstrated competition with PDGF Oncogene
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Figure 3 (a) Transfection of the dominant negative PDGF-A mutant, 1308 (serine?cysteine129) into c-rasH MCF-7 cells variably reduced secreted PDGF in di€erent subclones. Parental c-rasH MCF-7 cells expressed and secreted PDGF-AB, PDGF-BB and PDGF-AA. Clone 1 was similar to parental cells with respect to secreted PDGF; clone 2 showed 490% reduction in PDGF levels; clones 3,4,5 showed greater decreases in PDGF-AA and PDGF-AB than in PDGF-BB. Western blot of CM, non-reducing SDS ± PAGE, goat anti-human PDGF. Although clones 3,4,5 showed reduced desmoplasia, clone 2 (b) showed absent desmoplasia as seen on higher magni®cation (c)



would explain why tumor desmoplasia is rare in animal tumors or human tumoral xenografts because all of these grow very rapidly; why tumor desmoplasia is uncommon in human sarcomas because these express PDGF receptors (Malik et al., 1991); and why desmoplasia is absent in medullary breast cancer because these have low levels of PDGF myo®broblast mitogenic activity as exhibited, for example, by the MDA-MB-157. Since our desmoplastic model of tumor desmoplasia occurs in an immunocompromised mouse, immune e€ector cells and their cytokines do not seem necessary for the initiation or maintenance of the desmoplastic response.



As has been stated, desmoplasia is an uncommon occurrence in animal tumors and in most human tumoral xenografts, in part, because these tumors grow rapidly. Desmoplasia has however been observed in two sets of animal tumors, bile duct carcinomas (lines 1 and 10) in guinea pigs (Dvorak et al., 1979) and rat colonic carcinomas (Lieubeau et al., 1994). Interestingly, in each of these sets, there was both a very malignant and a less malignant counterpart. In the guinea pig bile duct carcinomas (Dvorak et al., 1979), the less malignant line, line 1, was desmoplastic. In the rat colonic carcinoma lines, the PROb line, which formed progressive tumors was non-desmoplastic whereas the REGb line which developed regressive tumors was desmoplastic (Lieubeau et al., 1994). In both of these examples, the inverse relationship between growth and desmoplasia was observed. Our model further illustrates this inverse relationship in the slightly di€erent setting of a human tumoral xenograft. The ®ndings of our study certainly do not exclude a role for other paracrine growth factors (tumor cell or host derived) or a role for host in¯ammatory cells or hematopoietic cells and their growth factors, ie., platelet-derived PDGF-AB, PDGF-AA or PDGF-BB in contributing to tumor desmoplasia but excludes these mediators as major initiators of the response. In previous studies we and others (Barsky and Gopalakrishna, 1987a; Peres et al., 1987), have shown that diverse ER positive and ER negative breast carcinoma cell lines express PDGF ®broblast/myo®broblast mitogenic activity. In the present study we go the next step and show that by reducing only tumor-derived PDGF (and not circulating PDGF from platelets) by a dominant negative approach, we can abolish tumor desmoplasia. Other investigators have used this dominant negative PDGF approach to suppress transformation and growth of human astrocytoma cells dependent on PDGF as an autocrine growth factor (Shamah et al., 1993). Here we interfere with PDGF's role as a paracrine growth factor to suppress tumor desmoplasia. No doubt other paracrine growth factors produced by the recruited ®broblasts/myo®broblasts such as IGF-II and other tumor-derived growth factors such as TGFa and TGF-b1 exert mutual actions on their respective targets (Cullen et al., 1991). This is in evidence particularly in direct in situ hybridization studies of human tumor desmoplasia (Singer et al., 1995) and in in vitro subculturing experiments of human desmoplastic ®broblasts (Cullen et al., 1991). Without tumor-derived PDGF to initiate the response, however, the response does not occur in our human xenograft model. Equally important is the demonstration that growth stimulation of the c-rasH W9 cells by 17b-estradiol abolishes the desmoplastic response not by decreasing the production of PDGF (since 17b-estradiol exerts no e€ect on W9 CM myo®broblast mitogenic activity in vitro) but by increasing the growth rate of the W9 cells themselves which then outgrow the murine ®broblasts (Table 1). Since the W9 cells express ER-a whereas the murine stromal cells do not, it would be anticipated that the W9 cells would respond to 17b-estradiol by increased growth and decreased desmoplasia. If the Nottingham, Bloom and Richardson grading system is applied to our c-rasH MCF-7 xenografts, the desmoplastic xenografts (W9 in the absence of estrogen) (Figure 1a,b,c)
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Figure 4 Representative clones (clones 1,2,3) of those depicted in Figure 3a are shown in their respective lanes. Although the secretion of PDGF-AA (a), PDGF-BB (b) and PDGF-AB (a,b) was reduced in most of the PDGF-MCF-7 clones, especially clone 2, the secretion of other growth factors including TGFa (c), TGF-b1 (d), IGF-I (e) and IGF-II (f) was not altered. Western blot, nonreducing SDS ± PAGE, (a) anti-human PDGF-AA; (b) anti-human PDGF-BB; (c) anti-human TGFa; (d) anti-human TGF-b1; (e) anti-human IGF-I; (f) anti-human IGF-II



exhibit low numerical histological grade whereas the estrogen-treated non-desmoplastic xenografts exhibit high numerical histological grade (Figure 1e,f). This progression in histological grade induced by estrogen has been observed previously in another human breast carcinoma xenograft (Naundorf et al., 1992). A line of indirect evidence provided by our study, supporting a tumor-derived paracrine growth factor mechanism of desmoplasia and speci®cally a carcinoma-secreted PDGF initiating mechanism is the pattern of gene expression within the stromal cells surrounding the tumor cells. In situ hybridization studies revealed a 3 ± 10-fold increase in select transcripts in the stromal ®broblasts/myo®broblasts immediately surrounding the invasive breast carcinoma cells. This increase was zonal for stromelysin-3 and TIMP-1 with a dramatic decrease in signal with increasing distance from the tumor cells. This zonal phenomenon present in the c-rasH W9 xenografts suggest that the invasive carcinoma cells themselves are secreting a di€usable factor which either enhances speci®c stromal gene expression or induces clonal selection of stromal cells with a certain gene expression pro®le. In either case stromal ®broblasts/ myo®broblasts at increasing distances from the carcinoma cells would be less a€ected. This zonal Oncogene



e€ect would only be manifest if the source of factor were the tumor cells themselves and not circulating hematopoietic elements such as platelets. We and others have observed the same zonal pattern of stromelysin-3 and TIMP-1 in actual human cases of desmoplastic breast carcinomas (Basset et al., 1990; Tomlinson et al., 1999). The role of autocrine and paracrine growth factors in cancer has been appreciated and studied for over two decades (Goustin et al., 1986). Carcinoma cells are known to secrete a number of di€erent factors, both autocrine and paracrine. Similarly stromal cells secrete both autocrine and paracrine factors. Looking at human tumor desmoplasia there are a number of autocrine and paracrine loops in play, some involving growth stimulation and some involving growth inhibition (Horgan et al., 1987; Adams et al., 1988; Osborne et al., 1989; Yee et al., 1989). PDGF, however, is the only factor out of the many growth factors secreted by breast carcinoma cells to have a sole paracrine action on neighboring stromal cells. All other factors (TGFa, TFG-b1, IGF-I or IGF-II) have autocrine actions as well (Osborne and Arteaga, 1990; Yee et al., 1988; Prager et al., 1994; Arteaga and Osborne, 1989). Furthermore PDGF receptors are present on stromal
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cells but are lacking on epithelial (carcinoma) cells as well as endothelial cells (Malik et al., 1991). PDGF can induce stromal mitogenesis and stromal downstream genes such as IGF-I and IGF-II in vitro (Cullen et al., 1991; Miura et al., 1994). Whereas these secondary genes can be hormonally regulated (Manni et al., 1994; Noguchi et al., 1993), PDGF secretion does not seem to be under hormonal control (Dickson et al., 1987). These ®ndings and the ®ndings in our present study collectively suggest that PDGF is an independent high level paracrine factor whose primary target is stromal cells and that carcinoma-secreted PDGF speci®cally is the primary initiator of tumor desmoplasia, a paracrine phenomenon distinct from angiogenesis. The desmoplastic response in human breast carcinoma is a host myo®broblast-mediated collagenous response which comprises, to a large extent, the tumor's microenvironment and which exhibits synergistic e€ects on breast carcinoma progression. The desmoplastic response likely represents a substantial barrier to future gene and immunotherapies because its collagenous matrix is relatively impervious to immune e€ector cells and its ®broblast/myo®broblast cellular composition is adsorptive to locally injected or systemically administered gene therapy vectors such as amphotropic retroviruses or CAR-1 receptor-speci®c adenoviruses. Therefore it might prove e�cacious from a therapeutic standpoint in the future if we could inhibit the desmoplastic response itself.



Materials and methods Cell lines Standard ER positive (MCF-7, T47D, MDA-MB-157) and ER negative (MDA-MB-231 and MDA-MB-468) human breast carcinoma cell lines were used in these studies. In addition recombinant MCF-7 lines (W9, W7 or neo) which had been transfected with c-rasH or the neo selectable marker in previous studies (Sommers et al., 1990) were a gift of Ed Gelmann (Lombardi Cancer Center, Georgetown University). These lines were grown in the presence of 0.8 mg/ml Geneticin (G418). In these previous studies (Sommers et al., 1990), it had been demonstrated that the W9 clone expressed a 40-fold increase in rasH p21 whereas the W7 and neo clones demonstrated only normal levels of p21. It had also been shown in previous studies that rasH transfection reduced the dependency of MCF-7 on exogenous estrogen by increasing the secretion of a number of di€erent growth factors including IGF-I, IGF-II, TGFa and TGF-b1 (Dickson et al., 1987). Adult human ®broblasts, CRL 1477 (ATCC, Rockville, MD, USA) were used in PDGF binding studies. Anti-rasH p21 immunoprecipitation studies We sought to con®rm the p21 data by immunoprecipitation studies to verify the stability of the lines. W9, W7 and neo MCF-7 lines were subjected to metabolic labeling with 35Smethionine and anti-rasH p21 immunoprecipitation studies according to standard protocols (Muschel et al., 1985). 10 l (1 mg) of a monoclonal rat anti-rasH p21 (clone Y13-259) (Oncogene Science, Manhasset, NY, USA) and a goat antirat IgG/Protein-A agarose complex were used. The immunoprecipitate was collected by centrifugation at 2500 r.p.m. for 15 min. Pelleted samples (20 ml) were analysed by SDS ± PAGE.
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The W9 line was subjected to additional transfection with a dominant negative mutant of PDGF-A, 1308 (serine?cysteine129), a gift of Charles Stiles (Dana-Farber Cancer Institute, Boston, MA, USA). This dominant negative mutant had been produced by site directed mutagenesis (serine?cysteine129) of the murine PDGF-A chain and cloned into the pLNCX expression vector, termed pLNCXO8. This dominant negative mutant had been found to exert dominant negative e€ects on both the A and B chains of PDGF, cross phylogenetic lines ranging from Xenopus to man, and dramatically reduce PDGF secretion (Mercola et al., 1990; Shamah et al., 1993). 105 W9 cells were cotransfected with a 10-fold molar excess of pLNCX08 to pHyg (a gift of Dr Bill Sugden, McArdle Laboratory for Cancer Research, University of Wisconsin WI, USA) using Lipofectin reagent (Gibco ± BRL) and standard transfection protocols (Barsky et al., 1997). After transfection, selection was accomplished with 0.1 mg/ml hygromycin B (Calbiochem, La Jolla, CA, USA). Emerging clones were removed with cloning rings, cultured in the presence of both 0.8 mg/ml Geneticin (G418) and 0.1 mg/ ml hygromycin B and studied for the secretion of PDGF and other growth factors. Western blots of CM were analysed with speci®c antibodies which could distinguish PDGF-AA from PDGF-BB (Hart et al., 1990) and other speci®c antibodies against PDGF-AB/AA/BB, TGFa, TGFb1, IGF-I and IGF-II: polyclonal rabbit anti-human PDGF-AA and anti-human PDGF-BB (Genzyme Diagnostics, Cambridge, MA, USA); polyclonal goat anti-human PDGF (R&D Systems, Minneapolis, MN, USA); murine monoclonal anti-human TGFa, clone 134A-2B3 (Oncogene Research Products, Cambridge, MA, USA); murine monoclonal anti-human TGF-b1, clone 9016.2 (R&D Systems); murine monoclonal anti-human IGF-1, clone 82-9A (Oncogene Research Products); and polyclonal rabbit antihuman IGF-II (Pepro Tech Inc., Rocky Hill, NJ, USA). Antibodies were used according to manufacturers' dilutions with standard Western blot protocols (Sternlicht et al., 1997). Selected clones were injected into nude mice and grown as xenografts. Screening and fractionation of CM by [3H]thymidine uptake studies Myo®broblasts were cultured from desmoplastic human breast carcinoma explants according to previous methods (Barsky et al., 1984). 56105 myo®broblasts were seeded in 60 mm culture dishes containing serum-free media. After 24 h, the cells were treated with CM from the human breast carcinoma cell lines being studied and myo®broblast [3H]thymidine incorporation was measured by standard methods (Peres et al., 1987). Speci®cally, W9 CM was collected over 24 h, concentrated 10-fold using Centriprep-10 concentrators (Amicon, Beverly, MA, USA) and lyophilized. Lyophilized CM was then dissolved in 2 ml of 1 M acetic acid and applied to an Ultrogel AcA-44 column (1.56100 cm) initially calibrated with various molecular weight marker proteins and equilibrated with 1 M acetic acid. The column was eluted at a ¯ow rate of 15 ml/h and fractions of 2 ml were collected. 0.2 ml aliquots were assayed for myo®broblast [3H]thymidine incorporation studies. PDGF receptor binding assay PDGF was labeled with 125I (Heldin et al., 1981) and PDGF receptor competing activity in fractionated W9 CM was measured as inhibition of binding of [125I]PDGF to con¯uent cultures of CRL 1477 ®broblasts as described previously (Peres et al., 1987; Bronzert et al., 1987). Puri®ed PDGF and EGF served as competition controls. Oncogene
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Xenograft studies 5610 cells of the W9, W7, neo MCF-7, and selected clones of the PDGF-A (serine?cysteine129)-W9 transfectants were injected into the mammary fat pads of 6 week old ovariectomized female nude mice (BALB/c nu/nu) (Harlan Sprague-Dawley, Madison, WI, USA) both in the presence and absence of a 0.7 mg 60 day release 17b-estradiol pellet (Innovative Research, Sarasota, FL, USA). After 8 weeks, tumorigenicity and size were noted and extirpated tumor nodules were subjected to detailed histological analysis, immunocytochemistry, in situ hybridization and collagen extraction studies. All studies utilized groups of 10 mice. 6



Measurement of hydroxyproline (total collagen) Pooled tumoral xenografts from each group were homogenized in 5 ml of 10% trichloroacetic acid at 48C and centrifuged at 40006g for 10 min. The pellet was washed twice successively with 10% trichloroacetic acid, ethanol : ether (3 : 1), and ether. The washed pellet was dried. Collagen was measured after acid hydrolyis (6 M HCI for 18 h) as hydroxyproline (Bergman and Loxley, 1963). Histological, immunocytochemical and in situ hybridization studies Extirpated xenografts were examined histologically for the presence of desmoplasia. In immunocytochemical studies, carcinoma cells were readily identi®ed by anti-cytokeratin antibodies, ®broblasts by antivimentin antibodies and myo®broblasts by anti-smooth muscle actin antibodies and the percentage of each cell type recorded as demonstrated in previous studies (Barsky et al., 1984; Barsky and Gopalakrishna, 1987b). In situ hybridization studies were conducted with riboprobes made from murine stromelysin-3, human stromelysin-3, human IGF-II and human TIMP-1 cDNAs, provided by ATCC (IMAGE Consortium), (Rockville, MD, USA). The pBluescript SK plasmid (Stratagene, La Jolla, CA, USA) containing EcoRI ± NotI fragments of the respective cDNAs was linearized with XbaI for antisense



strand preparation from the T7 promoter and with HindIII for sense strand preparation from the T3 promoter. [35S]UTP-labeled RNA transcripts were synthesized at concentrations of 2 ± 56105 c.p.m./ml. Fresh frozen sections of the di€erent xenografts were studied with in situ hybridization protocols (O'Connell et al., 1998). Antisense signals were compared to sense background and recorded with digital image analysis. Effects of 17b-estradiol/tamoxifen The e€ects of 17b-estradiol/tamoxifen on W9 CM myo®broblast [3H]thymidine incorporation in vitro were determined. W9 cells were grown in DMEM phenol red-free media with 5% dextran-charcoal and sulfatase treated FBS ((CSS) (GIBCO/BRL), Grand Island, NY, USA) and treated with doses of 1079 to 1077 M 17b-estradiol and doses of 1076 to 1074 M tamoxifen for 48 h prior to washing and a 24 h collection of CM. The CM was assayed for myo®broblast [3H]thymidine incorporation as before. The e€ects of 17b-estradiol (0.7 mg 60 day release 17b-estradiol pellet) on tumorigenicity, size and histology (desmoplasia) of neo MCF-7, W7, W9 and the PDGF-A-W9 clones were determined. Statistical analysis All in vitro experiments were performed in triplicate. All animal experiments were performed with groups of 10 mice. Results were analysed with standard tests of statistical signi®cance, including the 2-tailed Student's t-test and a one-way analysis of variance (ANOVA).
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