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The dramatic opportunities presented by comprehen-
sive gene profiling technologies are curbed by the
problem of segregating these large amounts of gene
expression data into meaningful categories for study.
This is particularly evident in infiltrating carcinomas
of the pancreas, in which global gene expression data
primarily mirrors the prominent desmoplastic re-
sponse to the infiltrating neoplasm. In an effort to
better characterize the gene expression of invasive
pancreatic cancers and their associated desmoplastic
response, we performed in situ hybridization on pan-
creatic cancer tissues to characterize the expression
of 12 genes identified by serial analysis of gene ex-
pression as highly expressed in invasive pancreatic
cancer tissues but not in pancreatic cancer cell lines.
In situ hybridization demonstrated that eight genes
were expressed within the stromal and/or angioen-
dothelial cells of the desmoplastic response to the
invasive tumor, and four of these genes were specif-
ically expressed by the stromal cells immediately ad-
jacent to the invasive neoplastic epithelium, suggest-
ing regional differences in gene expression within
the host desmoplastic response. In contrast, four
genes were specifically expressed by the invasive neo-
plastic epithelium, indicating important differences
between in vivo and in vitro gene expression of hu-
man epithelial neoplasms. We have identified a
highly organized structure of gene expression within
the host stromal response to invasive pancreatic can-
cer that may reflect tumor-host communication and
serve as a target for therapeutic intervention. (Am J
Pathol 2002, 160:91–99)

Invasive cancers do not exist in isolation. Rather, they
arise from and intimately interact with nonneoplastic host
cells. The complexity of this interaction is reflected histo-
logically in the intermingling of different tissue types and

is evident as well in comprehensive profiles of gene
expression. Indeed, the interpretation of such profiles is
impaired by our incomplete understanding of the constit-
uent components that participate in host-tumor interac-
tions. Extreme representations of this process are seen in
certain tumor types, such as scirrhous breast cancer,
biliary carcinoma, and adenocarcinoma of the pancreas.
Typically, these neoplasms are composed of infiltrating
adenocarcinoma surrounded by a predominance of
dense fibrous (or desmoplastic) stroma, which itself con-
tains proliferating fibroblasts, small endothelial-lined ves-
sels, inflammatory cells, and trapped residual atrophic
parenchymal components of the organ invaded.1 A con-
sistently low ratio of the infiltrating adenocarcinoma com-
ponent relative to this abundant desmoplastic response
is rather unique to duct adenocarcinomas of the pan-
creas, in contrast to infiltrating carcinomas arising in
other organ or tissue types.2 The availability of extensive
gene expression data on pancreatic cancer, combined
with the prominent host-tumor interaction in this cancer
type, provided a unique model system to define the cel-
lular architecture of gene expression in invasive cancer.

One immediate goal would be a dissection of the na-
ture of the host stromal response to invasive neoplasm.
Recently, new insights into the patterns of gene expres-
sion associated with the process of tumor invasion were
provided by Ryu and colleagues,1 who demonstrated a
cluster of invasion-specific genes in pancreatic cancer
using hierarchical clustering and principal component
analysis of data from serial analysis of gene expression
(SAGE). With this approach, 74 genes were identified that
were specifically expressed within tissue specimens of
invasive pancreatic cancer, but not within passaged pan-
creatic cancer cell lines. These invasive tissue-specific
genes were thought to primarily reflect the gene expres-
sion of the host desmoplastic response within pancreatic
cancers that would not be represented in SAGE libraries
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prepared from cultured pancreatic cell lines. These inva-
sive tissue-specific genes represented many categories
of cellular function, including genes associated with ex-
tracellular matrix remodeling, angiogenesis, immune re-
sponses, and entrapped parenchymal cells. However,
because the spatial localization of gene expression was
not determined for these tags, their cellular origin within
the primary tumor remained unclear (neoplastic epithe-
lium, vasculature, or stromal cells), as did their potential
roles within the process of tumor invasion.

We present a set of primary pancreatic cancers stud-
ied with in situ hybridization for each of a panel of genes
previously found to be highly expressed in invasive pan-
creatic cancer tissues.1 First, we sought to determine
whether these invasive tissue-specific genes are ex-
pressed by the tumor, the host, or both; second, we
attempted to determine whether spatially defined regions
of invasive tumor or desmoplastic stroma might have
unique expression profiles within the invasive process;
and third, we sought to determine whether any clues to
possible communication between the tumor and host
response exist (ie, products produced by one compart-
ment that may bind surface receptors of the other).

Materials and Methods

Tissue Specimens

Samples of bulk tumor (0.5 g) from two pancreaticoduo-
denectomy specimens were collected from patients un-
dergoing Whipple resections for infiltrating duct adeno-
carcinoma of the pancreas. In each case, specimens of
bulk tumor were harvested within 10 minutes of resection
from the patient and snap-frozen in liquid nitrogen before
storage at �80°C. Hematoxylin and eosin-stained sec-
tions of the frozen tissue were examined to confirm the
presence of infiltrating adenocarcinoma within the sec-
tion. For additional archival studies of gene expression in
invasive pancreatic cancer, formalin-fixed paraffin-em-
bedded tissue blocks from pancreaticoduodenectomy

specimens (Whipple resections) from six patients with
infiltrating duct adenocarcinoma of the pancreas were
collected from the files of The Johns Hopkins Hospital. In
each case, clinicopathological information was obtained
from the surgical pathology files of The Johns Hopkins
Hospital, as well as from the patients’ clinical records.
The project adhered to a protocol approved by our insti-
tutional review board.

SAGE Analysis of Pancreatic Cancer

The invasion-specific gene cluster identified by SAGE
was obtained from previously published work.1 SAGE
was performed as described by Zhang and colleagues3

and Zhou and colleagues,4 with principal component
analysis and cluster analysis of the data performed by
Ryu and colleagues1 as recently described.

Preparation of Riboprobes

To generate riboprobes for use in in situ hybridization of
the genes of interest, DNA templates were generated by
polymerase chain reaction with incorporation of a T7
promoter into the antisense or sense primer.5,6 After phe-
nol:chloroform purification of amplified DNA, 200 ng of
the DNA templates were used to generate either anti-
sense or sense riboprobes by in vitro transcription with
digoxigenin-labeling reagents and T7 polymerase ac-
cording to the manufacturer’s protocol (Roche Diagnos-
tics, Indianapolis, IN).

Nonradioactive in Situ Hybridization of
Fresh-Frozen and Paraffin Sections

In situ hybridization of fresh-frozen tissues were per-
formed following the methods described by St. Croix and

Table 1. Markers of Architectural Compartments in Invasive Pancreatic Cancer Tissues

SAGE tag Gene
Cellular

function/location
Architectural
compartment

SAGE tag individual
values*

I1 I2 CL1 CL2

tgcacttcaa Hevin Angioendothelial Angioendothelial 23 19 0 0
aaatagatcc Beta-catenin Signal transduction Epithelial 36 45 0 7
gttcactgca Intercellular adhesion molecule-1 Adhesion Epithelial 20 23 3 7
tttgcacctt Connective tissue growth factor Growth factor Epithelial 33 19 3 0
aggtcttcaa Thrombospondin-1 ECM component Epithelial, Panstromal 167 29 0 7
gggaggggtg MMP14 Matrix remodeling Epithelial 36 16 3 3
caggagaccc MMP11 Matrix remodeling Juxtatumoral stroma 95 45 0 0
ggaaatgtca MMP2 Matrix remodeling Panstromal,

angioendothelial
62 35 0 0

tcttgattta Alpha-2 macroglobulin Secreted protein Angioendothelial,
juxtatumoral stroma

33 29 0 0

ctcaaccccc Alpha-2 macroglobulin receptor Cell-surface receptor Epithelial, panstromal 26 48 3 0
tggccccagg Apolipoprotein C-1 Secreted lipid carrier Juxtatumoral stroma 78 42 10 3
ccctaccctg Apolipoprotein D Secreted lipid carrier Juxtatumoral stroma 20 16 0 0

*Data derived from Ryu and colleagues.1 I1, invasive pancreatic carcinoma 1; I2, invasive pancreatic carcinoma 2; CL1, pancreatic cancer cell line
1; CL2, pancreatic cancer cell line 2.
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colleagues.7 Frozen tissues were sectioned at 5-�m
thickness at �20°C onto silylated RNase-free micro-
scope slides (CEL Associates, Houston, TX) before fixa-
tion in 4% paraformaldehyde/phosphate-buffered saline
(PBS) for 1 hour. Next, sections were digested in 0.025%
w/v pepsin in 0.2 N HCl for 5 minutes at 37°C, followed by
two washes in PBS, and incubation in 5� standard saline
citrate (0.75 mol/L sodium chloride and 0.075 mol/L so-
dium citrate) for 10 minutes. Tissue sections were prehy-
bridized in mRNA hybridization buffer (DAKO, Carpinte-
ria, CA) for 1 hour at 55°C, followed by hybridization
overnight at 55°C with 200 ng/ml of antisense or sense
riboprobe in mRNA hybridization buffer. The following
day, sections were washed in 2� standard saline citrate
at 45°C, followed by incubation with a 1/35 dilution of
RNase A cocktail (Ambion, Austin, TX) in 10 mmol/L Tris,
500 mmol/L NaCl, 1 mmol/L ethylenediaminetetraacetic
acid, pH 7.5, for 1 hour at 37°C. Next, slides were washed
twice in 2� standard saline citrate/50% formamide at

55°C, followed by one wash at 0.08� standard saline
citrate also at 55°C. For signal amplification, a horserad-
ish peroxidase-conjugated rabbit anti-digoxigenin anti-
body (DAKO) was used to catalyze the deposition of
biotinyl-tyramide (GenPoint kit, DAKO). Secondary ampli-
fication of the signal was achieved by adding horserad-
ish-peroxidase rabbit anti-biotin (DAKO), biotin-tyramide,
and then alkaline-phosphatase rabbit anti-biotin (DAKO).
Signal was detected with the alkaline-phosphatase sub-
strate Fast Red TR/Napthol AS-MX (Sigma, St. Louis,
MO), and the tissue counterstained in hematoxylin for 1
minute.

For formalin-fixed, paraffin-embedded tissues, the
above protocol was modified according to the methods
described by Kadkol and colleagues8 to optimize condi-
tions. Briefly, sections were deparaffinized in xylene for 5
minutes, followed by hydration in graded ethanols for 5
minutes each. Next, sections were digested in a 10-�g/ml
dilution of Proteinase K at 37°C for 30 minutes, followed

Figure 1. Architectural compartments of gene expression in invasive pancreatic cancer tissues as determined by in situ hybridization. Individual compartments
within one histological example of invasive pancreatic carcinoma are highlighted in black to indicate the region of gene expression for each category: epithelial,
gene expression detected in neoplastic epithelium; angioendothelial, gene expression detected in endothelial and/or vascular smooth muscle cells; juxtatumoral
stroma, gene expression detected in stromal cells immediately adjacent to neoplastic epithelium; panstromal, gene expression detected within all stromal cells of
the invasive tumor.
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by hybridization overnight at 55°C with a 200 ng/ml dilu-
tion of antisense or sense riboprobes in mRNA hybridiza-
tion buffer. The following day, sections were serially
washed and incubated with RNase A in the same manner
as described for fresh-frozen sections, but signal ampli-
fication was achieved by incubation of sections with bi-
otinyl-tyramide, followed by secondary streptavidin com-
plex (GenPoint kit, DAKO). The final signal was
developed with diaminobenzidine chromagen (GenPoint
kit, DAKO).

Histological Evaluation of Tissue Sections

In situ hybridization labeling of mRNA expression in sam-
ples of fresh-frozen or paraffin-embedded pancreatic
carcinoma was evaluated by three of the authors (CID,
RHH, and SEK) with agreement in all cases examined.
For each case of infiltrating duct carcinoma, the labeling
pattern obtained after in situ hybridization was evaluated
for the presence or absence of gene expression individ-
ually within the neoplastic epithelium, tumor stroma, and
vasculature. In those cases with positive expression
noted of the tumor stroma, gene expression was scored

as occurring within the entire stromal region of the tumor,
or in the stroma immediately adjacent to tumor epithe-
lium.

Results

Identification of Invasive Tissue-Specific Genes

As described by Ryu and colleagues,1 hierarchical clus-
ter analysis and principal component analysis were ap-
plied to SAGE data of both primary invasive tumors and
passaged cell lines representing carcinomas of the colon
and pancreas. This approach identified a gene cluster
specific for invasive pancreatic cancer tissues.1 A total of
90 tags were identified in this cluster, 74 that matched
known transcripts, representing the invasion-specific
genes of pancreatic cancer tissues. This cluster is not to
be confused with other commonly recognized gene clus-
ters, such as tumor-specific genes (those genes ex-
pressed in both neoplastic epithelium derived from inva-
sive cancers and in passaged cancer cell lines), or in
tissue-specific genes (those genes expressed in normal

Figure 2. In situ detection of invasive tissue-specific genes in pancreatic cancer. Invasive tissue-specific gene expression was found to be located solely within
tumor epithelium (A–D), angioendothelial tissue (E), juxtatumoral stroma (F–H), or simultaneously within several different compartments (I–L). A: Beta-catenin
mRNA expression detected within tumor epithelium, but not within adjacent stroma. Similar findings are noted for connective tissue growth factor (B), intercellular
adhesion molecule-1 (C), and MMP14 (D). E: Hevin mRNA expression specifically detected within angioendothelium (arrows). Adjacent tumor epithelium and
stroma are negative in expression. F: Apolipoprotein D mRNA expression detected within stromal cells immediately adjacent to tumor epithelium (juxtatumoral
stroma), but not in stromal cells away from the invasive tumor glands. Apolipoprotein C-1 (G) and MMP11 (H) show a similar pattern of mRNA expression. I:
Alpha-2 macroglobulin mRNA expression detected within juxtatumoral stroma, as well as within angioendothelium of small vessels within the tumor mass
(arrow). J: Alpha-2 macroglobulin receptor mRNA expression detected within the tumor epithelium, as well as scattered throughout the stromal response. K:
Thrombospondin-1 mRNA expression detectable within tumor epithelium as well as the stromal response. L: MMP2 mRNA expression detectable within the entire
stromal response. Focal mRNA expression was also detected within angioendothelial tissue (not shown in section).
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tissue, site-matched invasive carcinomas, and passaged
cell lines derived from such carcinomas).

Invasive pancreatic cancers represent an aggregate
of diverse cell types, such as invasive neoplastic epithe-
lial cells, fibroblasts, inflammatory cells, smooth muscle
cells, endothelial cells, and cells of residual nonneoplas-
tic pancreatic parenchyma. Thus, the precise cellular
origin of these transcripts cannot be determined without
additional study. To define the cellular origin and patterns
of expression of these genes associated with the process
of tissue invasion, 12 genes were selected for further
study of their expression in invasive pancreatic cancer
tissues by in situ hybridization (Table 1). These gene
expression markers were selected to represent different
categories of biochemical function, such as cellular
growth factors (connective tissue growth factor), signal
transduction (�-catenin), cellular adhesion (�-catenin, in-
tercellular adhesion molecule-1), extracellular matrix re-
modeling (matrix metalloproteinases 2, 11, and 14), and
markers of specific cell or tissue types (ie, hevin, endo-
thelium and thrombospondin-1, extracellular matrix).9–15

In addition, four genes were chosen from the invasion-
associated gene cluster whose role is currently unknown
in neoplasia (apolipoprotein C-1, apolipoprotein D, �-2
macroglobulin, and �-2 macroglobulin receptor).16,17

Two classes of genes were excluded from study: those
whose expression represented normal parenchymal
markers of the pancreas (for example, insulin), and those
that were presumed markers of the immune response
(immunoglobulin genes).

Tissue Expression of Invasion-Specific Genes in
Pancreatic Cancer

In situ hybridization was performed for each of the 12
invasive tissue-specific genes on two samples of fresh
frozen tissue obtained from pancreaticoduodenectomy
specimens removed for infiltrating adenocarcinoma of
the pancreas. One sample was from a 79-year-old
woman with a poorly differentiated infiltrating duct carci-
noma, and the other sample was from a 49-year-old
woman with a moderate to poorly differentiated infiltrating
duct carcinoma. Neither tumor had a medullary histolog-
ical pattern.18

Detectable expression of all 12 genes were observed
in both neoplasms, localized as precipitated Fast Red
chromagen. For each gene, detectable expression was
found to localize to one or more of four distinct architec-
tural regions, or gene expression compartments, of the
invasive tumors: 1) neoplastic epithelium, 2) angioendo-
thelium and/or vascular smooth muscle, 3) juxtatumoral
stroma (ie, only those stromal cells immediately adjacent
to the invasive neoplastic epithelium), or to 4) panstromal
tissue (ie, all stromal tissue of the invasive tumor) (Figure 1).

Eight of the 12 genes were expressed within only a
single distinct architectural compartment in the two sam-
ples of invasive cancer (Figure 2). Expression of CTGF,
ICAM-1, �-catenin, and MMP14 were all localized to neo-
plastic epithelium, with no additional expression noted in
the surrounding stromal or angioendothelial compart-

ments. In contrast, hevin expression was noted only
within endothelial cells of small capillaries and venules,
and in scattered smooth muscle cells of small arterioles
within the mass of the invasive tumor. No expression of
hevin was found within the neoplastic epithelium or in
stromal cells of the desmoplastic response. With respect
to apolipoprotein C-1, apolipoprotein D, and MMP11,
gene expression was observed primarily in the juxtatu-
moral stroma, whereas the neoplastic epithelial and an-
gioendothelial compartments were negative for expres-
sion of these genes.

Four genes demonstrated expression within two or
more gene expression compartments. For example, �-2
macroglobulin expression was localized to endothelial
cells and juxtatumoral stroma. In contrast, �-2 macro-
globulin receptor and thrombospondin-1 both demon-
strated gene expression within both the neoplastic epi-
thelium and the panstromal compartments. Only
endothelial cells and vascular structures were negative
for expression of �-2 macroglobulin receptor and throm-
bospondin-1. MMP2 gene expression was localized to
the panstromal compartment of the tumors, as well as to
angioendothelium and vascular smooth muscle of small
arterioles. Neoplastic epithelium was negative for expres-
sion of MMP2.

Focal expression of some genes was also noted in
atrophic pancreatic parenchyma adjacent to the tumor
mass, suggestive of epithelial-stromal interactions that
also exist within the nonneoplastic pancreas. For exam-
ple, CTGF, �-catenin, and ICAM-1 were detected in scat-
tered atrophic pancreatic ducts, whereas apolipoprotein
D, MMP2, and �-2 macroglobulin expression was ob-
served in stromal cells within lobules of acinar cells un-
dergoing atrophy adjacent to the invasive tumor. Alpha-2
macroglobulin receptor expression was detected in both
atrophic ducts and stroma within areas of lobular atrophy.
As expected, hevin and thrombospondin-1 were ex-
pressed in angioendothelial tissues in nonneoplastic
pancreas.

Expression of Apolipoprotein D and MMP2 in
Archival Samples of Pancreatic Carcinoma

To confirm our observations of distinct compartments of
gene expression, we studied a separate set of invasive
ductal adenocarcinomas of the pancreas, a series of
paraffin-embedded specimens obtained from the files of
The Johns Hopkins Hospital. The genes chosen for this
confirmation were apolipoprotein D and MMP2, which
were found in our initial observations to be expressed in
different architectural compartments of gene expression
within the host stromal response to invasive pancreatic
carcinoma.

In situ hybridization was performed for both genes on
six samples of paraffin-embedded invasive pancreatic
carcinoma (Figure 3). In situ hybridization of apolipopro-
tein D demonstrated tissue labeling in four of six cases
(66%). In all four positive cases, mRNA expression of
apolipoprotein D was localized to the juxtatumoral
stroma, as well as to small nerves within the pancreatic
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Figure 3. In situ detection of apolipoprotein D and MMP2 in paraffin-embedded tissues. A–D: Apolipoprotein D mRNA expression. Expression is primarily
localized to the stromal cells adjacent to the tumor epithelium, as well as to small nerves within the pancreatic parenchyma (A, arrow) (original magnification,
�100). E–H: MMP2 mRNA expression. Expression is seen throughout the host stromal response, as well as within lining endothelium of small arterioles (G,
arrow) (original magnification, �100).
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parenchyma. MMP2 mRNA expression was also ob-
served in four of six cases (66%). In contrast to apoli-
poprotein D, MMP2 expression was localized to the entire
host stromal response, including the endothelium of small
arterioles.

Discussion

Since the initial description of the SAGE methodology,19

various reports have validated the utility of this technique
to expand our understanding of neoplasia.6,20–24 Re-
cently, the application of multidimensional relational tools
such as principal component analysis and hierarchical
clustering have allowed a more categorical evaluation of
the data generated by SAGE.1 In particular, the identifi-
cation of a cluster of genes highly expressed in invasive
pancreatic cancer tissues, but not in pancreatic cancer
cell lines derived from invasive pancreatic cancers, em-
phasized the importance of the host desmoplastic re-
sponse, as well as host-tumor interactions in tumor inva-
sion, and highlighted several new genes that may offer
diagnostic or therapeutic targets. We can now explore
additional utilities in the dissection of these host-tumor
interactions.

Our findings demonstrate that the genes found to be
overexpressed in SAGE libraries are indeed overex-
pressed in tissues. Of the 12 genes selected from 74
invasion-specific genes identified, all were found to be
highly expressed in samples of invasive carcinoma. Un-
expectedly, four (CTGF, ICAM-1, �-catenin, and MMP14)
showed expression localized to the neoplastic epithelium
in all cases wherein the transcripts were detectable. The
expression of these four genes in the epithelium of inva-
sive pancreatic cancers, but not in passaged cancer cell
lines derived from pancreas cancer, may indicate that
important differences exist in the gene expression pro-
files of in vivo and in vitro systems of carcinoma cells. Of
the remaining eight genes studied, none were expressed
by neoplastic epithelium, but rather were localized to
either angioendothelial cells within the tumor mass, or
instead to the stromal elements of the tumor. The expres-
sion of these genes in samples of primary pancreatic
carcinoma, but not in passaged cell lines of pancreatic
carcinoma, is now rationalized as reflecting the presence
of stromal elements in the primary specimens. Thus,
these genes represent markers of the host reaction to the
neoplasm.

The use of 12 different markers of invasive tissue-
specific gene expression helped define a transcriptomic
architecture of an invasive cancer. Indeed, the presence
of a marked desmoplastic host response within invasive
pancreatic cancer allows for a facile determination and
mapping of these various architectural compartments
that might be more difficult to discern in other tumor
types. Four different compartments were identified based
on the regions of positive gene expression, which we
describe as neoplastic epithelium, angioendothelial, pan-
stromal, and juxtatumoral stroma—a specialized region
of the stroma immediately adjacent to the invasive tumor
epithelium. These distinct and reproducible compart-

ments of gene expression of the invasive tissue-specific
genes indicate a highly organized, structured, and coor-
dinated process of tumor invasion in the pancreas.

Our data also indicate that these compartments are not
segregated from each other; rather, the data suggest po-
tential lines of communication between different compart-
ments of the invasive tumor. For example, we found �-2
macroglobulin to be expressed by juxtatumoral stroma,
whereas the receptor for this gene product, �-2 macroglob-
ulin receptor, is expressed by the neoplastic epithelium.
Alpha-2 macroglobulin has been suggested to act as a
growth factor in malignant cells expressing �-2 macroglob-
ulin receptor.17 Thus, the juxtatumoral stroma (to at least
some extent in that it involves highly expressed genes) may
represent an active participant in the invasive process that
may signal to the invading neoplastic epithelium. Such
models have been suggested in the past, but had not been
derived from unbiased surveys of gene expression.25,26

Conversely, we have shown that MMP14, a membrane-
bound metalloproteinase, is expressed by neoplastic epi-
thelium, whereas MMP2, a known substrate of MMP14, is
expressed by the surrounding stroma. If MMP14 were to
proteolytically cleave proMMP2, MMP2 would be activated
in sites within the stroma to promote neoplastic cell invasion.

The identification of several lipocalins as invasive tis-
sue-specific gene markers in invasive pancreatic cancer
sheds new light on this gene family with a potentially
important and unrecognized role in the process of tumor
invasion. Lipocalins have been identified in other studies
of gene expression as determined by SAGE.24 The func-
tion of lipocalins is not well understood, but they seem to
play a role in lipid homeostasis.16 Thus, their expression
by juxtatumoral stroma in invasive pancreatic cancer, to
provide one suggestion, may indicate a role for lipid
metabolism that could serve to supplement and provide a
nutritive role by the juxtatumoral stroma for the tumor
epithelium. At the least, the analysis of architectural com-
partments serves well to generate hypotheses that would
be otherwise not considered.

In summary, our finding of distinct architectural com-
partments of gene expression in invasive cancer, and
particularly within the desmoplastic response, provides
new insight into the host response to invasive cancer. The
regional gene expression of the host response, together
with the finding of possible communication between the
stroma and invasive neoplastic epithelium, suggests that
the host response plays an active role in promoting inva-
siveness of the neoplastic epithelium. The biological na-
ture of juxtatumoral stroma needs exploration, separate
from the panstromal compartment. Further studies to un-
derstand the biology of this desmoplastic response to
invasive neoplasms may aid in identifying new targets for
clinical imaging, serological diagnosis, drug develop-
ment, and delivery.

Note added in Proof

The receptor for connective tissue growth factor has re-
cently been identified as the alpha-2 macroglobulin re-
ceptor.27
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