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In the present study, we examined the distribu-
tion ofintegrin subunits and extracellular matrix
proteins in normal testis, intratubular germ ceU
neoplasia (ITGCN), andprimary and metastatic
seminomas. Compared to normal testis in ITGCN,
Sertoli ceUs showed increased expression of cv3,
ac6, and g31 integrin subunits. Malignant intratu-
bular germ ceUs stainedfor o3, a6, and 11 inte-
grin subunits. Progression ofITGCN to invasive
seminoma was associated with loss of cv3 integrin
subunit expression by tumor ceUs. Consequent to
this loss, it can be speculated that the strong ex-
pression on ITGCN may be related to the nonin-
vasive character of the lesion as is also known
from other noninvasive tumors. AU tumors
showed a strong expression of x6and 131 integrin
subunits. The ca5 integrin subunit was weakly ex-
pressed in primary seminomas in aU stages. No
differences were observed in integrin expression
betweenprimary and metastatic tumors. The dis-
tribution of extracelular matrix proteins was
heterogeneous and revealed clear architectural
differences between seminomas that may reflect
different stages of tumor stroma formation. To
our knowledge, the resultspresented in this study
provide theflrst information on thepossible role
oftumor-extracelular matrix interactions in the
biological behavior ofITGCN and testicular semi-
nomas. (AmJPathol 1994, 144:1035-1044)

Integrins are integral membrane proteins, involved
in cell-cell and cell-matrix interactions, that play a

crucial role in numerous physiological and pathologi-
cal processes including embryogenesis, wound heal-
ing, and biological behavior of malignant tumors.
They consist of related noncovalently linked a and ,B
chain heterodimers. The extracellular domain of in-
tegrins functions as the ligand binding site and both
a and ,B subunits contribute to ligand binding.1-4 The
cytoplasmatic domain is linked to the cytoskeleton5
and is supposed to generate signals essential for cell
function and tissue processes .' Receptor avidity and
activity are supposed to be under control of other cell-
membrane associated molecules,6 and conversely
integrins may function as co-receptors in certain cel-
lular processes.1 The specificity of ligand binding is
cell type dependent.7
The classification of integrins is complex, (see

Table 1) caused by association of several a subunits
with one particular X3 subunit, association of one a
subunit with more than one ,B subunit, and alternative
splicing of a and (3 subunits.1' 89 Further, individual
integrins can often bind to more than one ligand, and
individual ligands are recognized by more than one
integrin.1-4
The conformation-dependent recognition site for

several of the integrins is the amino-acid sequence
arginine-glycine-aspartic acid present in many, but
not all, extracellular matrix (ECM) proteins. Other in-
tegrins recognize different sequences in ECM pro-
teins or bind to cellular membrane proteins involved
in cell-cell interactions.10'11
The ECM constitutes basement membranes (BMs)

and the interstitial matrix. It is responsible for tissue
integrity, and by interaction with integrin and nonin-
tegrin receptors, ECM proteins can direct gene
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expression12-14 and modulate proliferation, differen-
tiation, and migration of cells.15

Malignant tumors are characterized by abnormal
proliferation and differentiation.16 Moreover, tissue in-
tegrity is lost by protease-activity of tumor and/or host
cells, making it possible for tumor cells to invade BMs
and the surrounding interstitial matrix. 17-20 Com-
pared to normal tissues, this invasion is, at least par-

tially, due to abnormal function and expression of in-
tegrins on tumor cells21-26 and qualitative and
quantitative changes of the surrounding ECM.2726
However, it must be emphasized that tumor cell in-
vasion and development of metastasis is highly regu-

lated and that the mechanisms used by tumor cells to
break down mechanical barriers and migrate are

analogous to the ones used by normal cells during
physiological processes. 17,20

ntratubular germ cell neoplasia (ITGCN) of the tes-
tis represent the precursor lesion of nearly all adult
testicular germ cell tumors and is found adjacent to
these tumors in a high frequency.29-31 In untreated
patients, ITGCN has been demonstrated to evolve in
an invasive tumor, eg, seminoma (SE) and/or non-

seminoma.30
Until now, little attention has been paid to the role

of tumor-host interactions in invasion and metastasis
of testicular SE. Therefore, we have analyzed the ex-

pression of integrin subunits and their ligands in the
different stages of the metastatic cascade of testicu-
lar SE to determine whether the expression of integrin
subunits and distribution of ECM proteins was cor-

related to invasion and/or development of metasta-
ses.

Materials and Methods

Tissue

Ten histological normal testes, 10 testes containing
placental alkaline phosphatase (PLAP) positive intra-
tubular germ cell neoplasia, 13 primary testicular SEs

presenting in stage (tumor confined to the testis), 12
primary testicular SEs presenting in stage 11 (tumor
with regional lymphatic metastasis), one stage Ill pri-
mary testicular SE (tumor with mediastinal and/or su-

praclavicular metastases), and eight metastases of
primary testicular SE were included in this study. Fro-
zen tissue was randomly selected from our files from
cases in which sufficient tissue was available.

Antibodies

Rabbit antiserum directed against PLAP (catalog
#A268) was obtained from Dako (Glostrup, Den-
mark). Goat antisera directed against collagen type
(catalog #1310-01) and collagen type IV (catalog
#1340-01) were purchased from Southern Biotech-
nology Associates (Birmingham, UK). Rabbit antisera
directed against laminin (catalog #A1 05), fibronectin
(catalog #A101), and vitronectin (catalog #A104)
and monoclonal antibodies directed against fi-
bronectin (catalog #A002, clone 11) were obtained
from Telios (San Diego, CA). Details of the antibodies
directed against the integrin subunits are given in
Table 2. Peroxidase-conjugated second and third
step antisera were obtained from Dako.

Immunohistochemistry

Immunohistochemistry was carried out on 4-p frozen
tissue sections fixed in acetone for 10 minutes at room
temperature. The sections were washed for 5 minutes
in phosphate-buffered saline after each incubation
step. The sections were incubated with optimal dilu-
tions of the antibodies, as determined previously. To
decrease nonspecific binding, the final second and
third step antibody dilutions contained 1% normal hu-
man AB serum. The localization of peroxidase label
was visualized using 3-amino-9-ethylcarbazol to-
gether with H202 as a reagent, giving a reddish brown

Table 1. The VLA Integnin Familv

Receptor CD Other names Mr Ligands Main cellular distribution

a1l31 CD49a/CD29 VLA-1 210,130 Coll(lI,V), Ln F,M,BM, activated T and B-ly, Mus
a2f31 CD49b/CD29 VLA-2 170,130 Coll(l-lll,IV)Ln PI,FEN,EP, activated T-Ly
a3f31 CD49c/CD29 VLA-3 130/25,130 Col1(1),Ln,Fn,Epil Ep,F,BM,B-ly
a4/31 CD49d/CD29 VLA-4,LPAM2 150,130 Fn,VCAM-1,ICAM-2 M,Eo,Ly,F,NC,NK,Th
a5p13 CD49e/CD29 VLA-5 135/25,130 Fn, Inv Th,T-Ly,F,EP,EN,Pl,PMN,M,Mus
a631 CD49f/CD29 VLA-6 120/30,130 Ln, Inv PI,T-ly,EP,Th,M
a6P34 CD49f/- Tsp 1 80 Ln EP

VLA: very late activation antigen; CD: cluster of differentiation; Coll: collagen; Epil: Epiligrin; Fn: fibronectin; ICAM: intercellular adhesion
molecule; Inv: invasin; Ln: laminin; LPAM: lymphocyte Peyer's patch specific adhesion molecule; Tsp: trombospondin; VCAM: vascular cell
adhesion molecule; BM: basement membrane associated; EN: endothelial cells; Eo: eosinophils; EP: epithelial cells; F: fibroblasts; Ly: lym-
phocytes; M: monocytes/macrophages; Mus: muscle; NC: neural crest cells, melanocytes; NK: natural killer cells; PI: platelets; PMN: polymor-
phonuclear cell (neutrophil); Th: thymocytes.



Integrins and ECM Proteins in Intratubular Germ Cell Neoplasia and Seminomas 1037
AJP May 1994, Vol. 144, No. 5

Table 2. Anti-integrin Antibodies Used

Antibody;
clone; catalog # Subunit CD Source/references

TS2/16 (31 29 Springer64
A-1A5 p1 29 Hemler65
3E1; A054 34 Telios, San Diego, USA66
TS2/7 al 49a Hemler64
CLB Tromb/4 a2 49b Sonnenberg67
J143 a3 49c Old68
P1B5; A043 a3 49c Telios, San Diego, USA69
B5G10 a4 49d Hemler70
HP2/1 a4 49d Sanchez-Madrid71
BIIG2 a5 49e Damsky72
P1D6; A045 a5 49e Telios, San Diego, USA69
GOH3 a6 49f Sonnenberg73
CD: cluster of differentiation

precipitate. The slides were counterstained with he-
matoxylin and mounted with Kaisers glycerol-gelatin
(Merck, Darmstadt, Germany). Controls included
sections on which the application of the primary an-

tibody was omitted or replaced by nonrelevant anti-
bodies.

Results

Expression of Integrin Subunits in Normal
Testis, ITGCN, Primary SE and
Metastases of SE

Normal testes, ITGCN, primary SE and metastases of
SE showed a variable immunohistochemical expres-

sion of integrin subunits, summarized in Tables 3 and
4. The a3 subunit was expressed by Sertoli cells and
a subset of intratubular germ cells. A remarkable fea-
ture was the very localized strong a6 integrin subunit
expression at the basal side of intratubular cells (Fig-
ure 1A). In atrophic tubules and ITGCN containing
tubules, the expression of both subunits on Sertoli
cells was increased (Figure 1A). The distribution of
the (31 subunit was concordant with the distribution of
the a integrin subunits. PLAP-positive malignant in-
tratubular germ cells showed a strong nonpolarized
expression of the a3 and a6 integrin subunits (Figure

1, B and C). The (1 integrin subunit was weakly ex-

pressed. In primary SEs, the a3 (three of 25) and a5
(11 of 25) integrin subunits were weakly expressed in
all stages. All tumors showed a strong expression of
a6 (Figure 2A) and 13 integrin subunits. No significant
differences were observed in the integrin expression
between primary and metastatic lesions. The expres-
sion of the a5 integrin subunit on metastatic SE cells
is shown in Figure 2B. In one metastasis, seminoma
cells showed expression of the a6, (31, and (34 integrin
subunits with increased density at the tumor-stroma
border (Figure 2, C and D).

Composition of the ECM in Normal
Testes, ITGCN, Primary SE, and
Metastases of SE

The lamina propria and the tubular BM were com-

posed of laminin, collagen type IV, collagen type 1,
fibronectin, and vitronectin. In atrophic and ITGCN-
containing tubules, the lamina propria and tubular BM
were thickened and the BM invaginated into the tu-
bular lumen. In some tubules, staining for ECM pro-

teins revealed double tracking of the tubular wall (Fig-
ure 3A). Although the BM was generally thickened,
local interruptions of the testicular BM were also ob-
served (Figure 3A). Weak staining for vitronectin was
seen in some tubules containing ITGCN and intratu-
bular SE. In one case, tubular structures composed
of laminin, collagen type IV, collagen type 1, fibronec-
tin, and vitronectin were seen in tumor nodules ad-
jacent to preexistent tubules (Figure 3B).

Based on the distribution of collagen type 1, three
types of stromal reaction could be recognized (Figure
4, A, B, and C). In two tumors, the stroma was com-

posed of relatively small fibrovascular septa, which
showed a regular distribution in the tumors (stromal
reaction type 1). Large fibrous bands giving the tumor
tissue a nodular appearance were seen in 11 tumors
(stromal reaction type 111). The other 13 tumors
showed a stromal reaction of the intermediate type

Table 3. Integrin Subunit Distribution in Normal Testes and Testes with Intratubular Germ Cell Neoplasia

Integrin subunit al a2 a3 a4 a5 a6 31 34

Vascular system
Endothelium +/- + + + + + + +
Smooth muscle + - + - - - +
Leydig cells +/- - +/- - - +/- +
Lamina propria + - +- +
Sertoli cells - - +/+* - - * -

Spermatogenesis - - +t _ _ +
ITGCN§ - - + ++ +-

Expression of integrin subunits: - negative, /- equivocal, ± weak, + positive. * Increased expression of the a3 integrin subunit on Sertoli
cells in atrophic and ITGCN containing testis. t a3 integrin subunit expression on a subset of intratubular germ cells. t Localized a6 integrin
subunit expression at the basal side of intratubular cells. § Intratubular germ cell neoplasia.



1038 Timmer et al
AJP May 1994, Vol. 144, No. 5

Table 4. Expression ofIntegrin Subunits in Primary Testicular Seminomas and Metastases ofPrimary Testicular Seminomas

Integrin subunit al a2 a3 a4 a5 a6 1 ,B4

SEstage - - +2/12 - ±4/12 +12/12 +12/12 ±/-4/13
SE stage 11/ll - - ±1/13 - ±7/13 +12/13 +12/13 ±/-2/13

Metastases - - +/±2/8 - ±4/8 +8/8 +8/8 ±1/8

Expression of integrin subunits: - negative, +/- equivocal, + weak, + positive.

P-M t O't'.tt,/

in-
,atu-
ounit
ase,

ts on

with small fibrovascular septa as well as large fibrous
bands (stromal reaction type 11). The differences be-
tween the three types of stromal reaction were relative
but reproducible, as typing of the stromal staining pat-
tern by two independent observers (including re-
peated typing with time interval) gave almost identical
results.
The fibrovascular septa showed a diffuse weak

staining of laminin and collagen type IV, and strong
staining of collagen type 1, fibronectin and vitronectin.
Small band-like structures resembling BMs, com-
posed of laminin, collagen type 1, collagen type IV,
fibronectin, and vitronectin, were randomly distrib-
uted in all primary SEs. In addition to these structures,
in seven SEs, a linear BM was present at the interface

of tumor cells and stroma (Figure 5B). Codistribution
of ECM proteins was not always evident (Figure 5, c
and d).

In metastases of SE, the composition of the ECM
was similar to that in primary SE. All but one metas-
tases showed a type Ill stromal reaction. In one me-
tastasis, tumor cells were separated from the stroma
by a linear BM, whereas in the other seven metasta-
ses, the distribution of BMs was similar to that found
in primary SE.

Discussion
Invasive growth and the development of metastasis is
dependent on a repeated sequence of events, first

I-su^j.
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Figure 2. Nonpolarized expression of the a6 integrin subunit on SE cells in a primary SE (A). Weak expression of the aS integrin subunit on SE
cells in a metastasis ofa primary SE(B). At the tumor-stroma bordera6(C) and 4 (D) integrin subunits show increased expression on SE cells in
a metastasis ofa primary SE (immunoperoxidase, 140X).

described by Liotta as the three-step hypothesis of
invasion. 17-19 The first step comprises the adhesion
of tumor cells to BMs, mediated by integrin and non-
integrin receptors. This adhesion elicits proteinase-
mediated degradation of BM components like laminin
and collagen type IV at the leading edge of tumor
cells. Locomotion of tumor cells through the localized
zone of BM-lysis is the final step. This multistep pro-
cess is highly regulated, and the outcome in invasive
tumors is the result of an imbalance between positive
and negative regulatory factors, which are operative
in physiological processes as well. 17'20

It is evident that the interaction of tumor cells with
ECM proteins, mediated in part via integrins, plays a
crucial role in biological behavior of malignant tu-
mors. Experimental studies with cr5f31 integrin
receptor-deficient or overexpressing variants of Chi-
nese hamster ovary cells and human rhabdomyosar-
coma cells transfected with DNA coding for the a2

integrin subunit suggest that changes in integrin ex-
pression explain, at least in part, some of the char-
acteristics of transformed cells, including their migra-
tory, invasive, and metastatic behavior.23-26

Although not consistently and dependent on the
cell type, malignant cells often express an altered pat-
tern of integrins compared with their nontumorigenic
benign counterparts.33-35 Furthermore (in contrast to
an often localized pattern on the membrane of normal
cells), in malignancy, integrins are diffusely distrib-
uted over the cell surface,23'36 and their function is
supposed to be changed.24'37 The expression of in-
tegrin subunits on intratubular germ cells, malignant
intratubular germ cells, and invasive SE is concordant
with these observations. Progression of ITGCN to in-
vasive SE is associated with loss of a3 integrin subunit
expression. Because invasive SE cells show no or
weak expression of the a3 integrin subunit, the strong
expression on ITGCN may be related to the nonin-
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Figure 3. Distribution of laminin in ITGCN-containing testis with
double tracking of the tubular wall (small arrows). 7Te BM is irregu-
lar uith invaginations into the tubular lumen. Interruptions of the
BM are) locally pre-sent (large arrow) A: Tuibular structuires stained
for laminin in tumor nodules (open stars) adjacent to a preexistent
tuibuile (black star) (B) (immunoperoxidase, 140X).

vasive character of the lesion. Similarly, a high ex-

pression of a2 and a3 integrin subunits has been sug-

gested to account for the indolent nature of basal cell
carcinoma.38

The a513 and a6,31 integrin receptors function as

receptors for fibronectin39 40 and laminin,41 respec-

tively. The nonpolarized expression of these integrin
subunits in invasive primary and metastatic SE is
compatible with previous studies, suggesting a

prominent role for adhesion of tumor cells to fibronec-
tin and laminin in invasion and metastasis.19'23-
25.42-44 Whereas the a6131 integrin receptor is impli-
cated in promoting invasion of tumor cells,43 trans-
fection studies with Chinese hamster ovary cells
rather point to a suppressor role of the a5131 integrin
receptor in invasion and metastasis.24 45 Future stud-
ies, especially those with SE cell lines, will have to
elucidate the function of a5, a6, and ,B1 integrin sub-

units on SE cells and reveal if the mechanisms used
to survive, proliferate, and migrate are analogous to
the ones used by their nontumorigenic precursors
and counterparts, eg, primordial germ cells and
gonocytes, respectively.

Invasion of tumor cells is not only dependent on
changes in the expression or function of integrins, but
also on qualitative and quantitative changes in the
composition of the ECM.27'28 Regulated degradation
of ECM proteins at the leading edge of invasive tumor
cells is the result of a local imbalance of proteolytic
enzymes and their inhibitors and is a prerequisite for
invasion.17'20 In an ultrastructural study describing IT-
GCN, Schulze found intact tubular BMs.46 However,
similar as in invasion of other malignant tumors, BM
degradation probably is a step in invasion of malig-
nant intratubular germ cells, as microinvasive SE with
destruction of the tubular wall has been reported,32
whereas in our study in ITGCN, the tubular BM re-
vealed gaps besides thickened and irregular parts.
Changes involving increased ECM production in tu-
bules containing ITGCN may in fact be related to a
disregulation of testicular homeostasis, rather than to
the presence of malignant intratubular germ cells per
se, as cryptorchid testes47 and testes with Sertoli cell
only syndrome48 reveal the same tubular abnormali-
ties, including double tracking and thickening of the
lamina propria and tubular BM. The BM-like struc-
tures diffusely distributed in invasive SE may well rep-
resent tubular remnants, not degradated by proteo-
lytic enzymes. However, as Schulze suggested, BM-
like structures in invasive SE may as well be newly
deposited,46 as illustrated by the linear distribution of
BM proteins at the interface of SE cells and stroma.
This deposition is ineffective because BMs in malig-
nant tumors, including testicular SE, often reveal (ul-
trastructural) abnormalities.49 52 Whatever the origin
of these structures and analogous to the adhesion of
Sertoli cells and spermatogenic cells to the tubular
BM,53 adhesion of SE cells to BM structures and/or
the interstitial matrix may hamper their migration and
bear on the development of metastasis.

It is supposed that after tumor cells have invaded
the surrounding tissue, they elicit the formation of a
primitive stroma. This stroma consists of plasma-
derived cross-linked fibrin and fibronectin.54 56 Like
fibronectin, vitronectin is found in the circulation57
and might be trapped in the fibrin-fibronectin gel as
well. The fibrin-fibronectin gel serves as a provisional
matrix that facilitates and regulates influx of endothe-
lial cells, fibroblasts, and other host cells.56'58 Sub-
sequently, by deposition of tumor or host cell-derived
collagen type IlIl and 1, the provisional matrix is re-
placed by mature stroma.54 56



Integrins and ECM Proteins in Intratubular Germ Cell Neoplasia and Seminomas 1041
AJP May 1994, Vol. 144, No. 5

n of
regu-
septa
drots
dase,

In SE, the mature stroma, composed of collagen
type 1, fibronectin, and vitronectin, was differentially
distributed between different tumors; three types of
stromal reaction could be recognized. Because dif-
ferences between the three types of stromal reaction
were partly relative, they may represent different
stages in the ongoing process of fibrovascular stroma
formation. In this context, the tumors with a nodular
appearance (type Ill stromal reaction) are supposed
to represent the more progressed seminomas.59

It is evident that the stroma functions as a mechani-
cal scaffold that defines tissue boundaries. However,
by modulating cell function, the stroma may have also
an active role in numerous physiological and patho-
logical processes.51 60 As constituents of the stroma,
fibroblasts,61 ECM proteins,62 and lymphocytes63
have been reported to modulate tumor cell function,
including proliferation. The coincident finding of low
proliferative activity and fibrotic tissue in SE is in line
with this observation.59

The results presented in this study provide infor-
mation on the possible role of tumor-ECM interactions

in the biological behavior of ITGCN and testicular SE.
More specifically, our results demonstrate that SE are
heterogeneous with respect to integrin subunit ex-
pression and composition of the ECM. Moreover, the
dynamic interplay between tumor cells and their sur-
rounding interstitial matrix is illustrated. It is evident
that further studies will have to be undertaken to de-
termine the significance of our observations with re-
spect to tumor growth, invasion, and metastasis.

Acknowledgments
Monoclonal antibodies TS2/16 and TS2/7 were kindly
provided by Dr. T.A. Springer (Center for Blood Re-
search, Harvard Medical School, Boston, MA), CLB
Thromb/4 and GOH3 by Dr. A. Sonnenberg (CLB, Am-
sterdam, The Netherlands), J143 by Dr. L.J. Old (Me-
morial Sloan-Kettering Cancer Center, New York, NY),
A-1A5 and B5G10 by Dr. M.E. Hemler (Dana-Farber
Cancer Institute, Harvard Medical School, Boston,
MA), HP2/1 by Dr. F. Sanchez-Madrid (Seccion De

-- I I



1042 Timmer et al
AJP May 1994, Vol. 144, No. 5

1'~~~~~~~~~~~'

4

A. A~~~~~~~~~~,

Wj..m O.'

Fiur . Rnomyditrbte sal ad ik trcurs tind o clagn ye V na rmay EB iroasuar~et adSEcel (n

dictedbystas) epratd b alinar M s rveaedby stinnfocolgntpIViaprm ySE()imu pexdse10)Tei-

trbuinfviroeti C)i mreetesvetancolge yp i tesaeprmrytuir D (m unpeoids 5X

Inmunologia, Hospital de la Princesa, Madrid, Spain)
and BIIG2 by Dr. C. Damsky (University of California,
San Francisco, CA). We thank the Departments of
Surgical Oncology, Clinical Oncology, and Radio-
therapy for their cooperation, Ms. Alie Krikken and Mr.
Mark Coenen for technical assistance, and Mr.
Hilbrand Wierenga for help in the preparation of the
microphotographs.

References
1. Hynes RO: Integrins: versatility, modulation, and sig-

naling in cell adhesion. Cell 1992, 69:11-25
2. Hemler ME: VLA proteins in the integrin family: struc-

tures, functions, and their role on leukocytes. Annu
Rev Immunol 1990, 8:365-400

3. Hynes RO: Integrins: a family of cell surface recep-
tors. Cell 1987, 48:549-554

4. Ruoslahti E, Pierschbacher MD: New perspectives in
cell adhesion: RGD and integrins. Science 1987, 238:
491-497

5. Burridge K, Fath K, Nuckolls G, Turner C: Focal adhe-
sions: transmembrane junctions between the extracel-
lular matrix and the cytoskeleton. Annu Rev Cell Biol
1988, 4:487-525

6. Pignatelli M, Durbin H, Bodmer WF: Carcinoembryonic
antigen functions as an accessory adhesion molecule
mediating colon epithelial cell collagen interactions.
Proc Natl Acad Sci USA 1990, 87:1541-1545

7. Hemler ME, Elices MJ, Chan BMC, Zetter B, Matsuura
N, Takada Y: Multiple ligand binding functions for
VLA-2 (a2f31) and VLA-3 (a3f1) in the integrin family.
Cell Differ Develop 1990, 32:229-238

8. Languino LR, Ruoslahti E: An alternative form of the in-
tegrin f31 subunit with a variant cytoplasmic domain. J
Biol Chem 1992, 267:7116-7120

9. Tamura RN, Cooper HM, Collo G, Quaranta V: Cell
type-specific integrin variants with alternative a chain



Integrins and ECM Proteins in Intratubular Germ Cell Neoplasia and Seminomas 1043
AJPMay 1994, Vol. 144, No. 5

cytoplasmatic domains. Dev Biol 1991, 88:10183-
10187

10. Humphries MJ: Peptide recognition motifs involved in
the binding of integrins to their ligands. Kidney Int
1992, 41:645-649

11. Yamada Y, Kleinman HK: Functional domains of cell
adhesion molecules. Curr Opin Cell Biol 1992, 4:819-
823

12. Werb Z, Tremble PM, Behrendtsen 0, Crowley E,
Damsky CH: Signal transduction through the fibronec-
tin receptor induces collagenase and stromelysin
gene expression. J Cell Biol 1989, 109:877-889

13. Juliano RL, Haskill S: Signal transduction from the ex-
tracellular matrix. J Cell Biol 1993, 120:577-585

14. Streuli CH, Schmidhauser C, Kobrin M, Bissell MJ,
Derynck R: Extracellular matrix regulates expression
of the TGF-,B1 gene. J Cell Biol 1993, 120:253-260

15. Bissell MJ, Hall HG, Parry G: How does the extracellu-
lar matrix direct gene expression? J Theor Biol 1982,
99:31-68

16. Cross M, Dexter TM: Growth factors in development,
transformation, and tumorigenesis. Cell 1991, 64:271-
280

17. Liotta LA, Steeg PS, Stetler-Stevenson WG: Cancer
metastasis and angiogenesis: an imbalance of posi-
tive and negative regulation. Cell 1991, 64:327-336

18. Liotta LA, Rao CN, Barsky H: Tumor invasion and the
extracellular matrix. Lab Invest 1983, 49:636-649

19. Liotta LA: Tumor invasion and metastases-role of the
extracellular matrix. Cancer Res 1986, 46:1-7

20. Herlyn M, Malkowicz SB: Regulatory pathways in tu-
mor growth and invasion. Lab Invest 1991, 65:262-
271

21. Juliano RL: Membrane receptors for extracellular ma-
trix molecules: relationship to cell adhesion and tumor
metastasis. Biochim Biophys Acta 1987, 907:261-278

22. Cassiman JJ: The involvement of the cell matrix re-
ceptors, or VLA integrins, in the morphogenetic be-
haviour of normal and malignant cells is gradually be-
ing uncovered. Cancer Genet Cytogenet 1989, 41:
19-32

23. Schreiner C, Fisher M, Hussein S, Juliano RL: In-
creased tumorigenicity of fibronectin receptor defi-
cient Chinese hamster ovary cell variants. Cancer Res
1991, 51:1738-1740

24. Giancotti FG, Ruoslahti E: Elevated levels of the alpha
5 beta 1 fibronectin receptor suppress the trans-
formed phenotype of Chinese hamster ovary cells.
Cell 1990, 60:849-859

25. Bauer JS, Schreiner CL, Giancotti FG, Ruoslahti E,
Juliano RL: Motility of fibronectin receptor-deficient
cells on fibronectin and vitronectin: collaborative inter-
actions among integrins. J Cell Biol 1992, 116:477-
487

26. Chan BMC, Matsuura N, Takada Y, Zetter BR, Hemler
ME: In vitro and in vivo consequences of VLA-2 ex-
pression on rhabdomyosarcoma cells. Science 1991,
151:1600-1602

27. lozzo RV: Proteoglycans: structure, function, and role
in neoplasia. Lab Invest 1985, 53:373-396

28. Pauli BU, Knudson W: Tumor invasion: a consequence
of destructive and compositional matrix alterations.
Hum Pathol 1988, 19:628-639

29. Skakkebaek NE, Berthelsen JG, Giwercman A, MOller
J: Carcinoma in situ of the testis: possible origin from
gonocytes and precursor of all types of germ cell tu-
mours except spermatocytoma. Int J Androl 1987, 10:
19-27

30. J0rgensen N, Muller J, Giwercman A, Skakkebaek NE:
Clinical and biological significance of carcinoma in
situ of the testis. Cancer Surv 1990, 9:287-301

31. Jacobsen GK, Henriksen OB, von der Maase H: Car-
cinoma in situ of testicular tissue adjacent to malig-
nant germ-cell tumors: a study of 105 cases. Cancer
1981, 47:2660-2662

32. Mikulowski P, Oldbring J: Microinvasive germ cell
neoplasia of the testis. Cancer 1992, 70:659-664

33. Dedhar S, Saulnier R: Alterations in integrin receptor
expression on chemically transformed human cells:
specific enhancement of laminin and collagen recep-
tor complexes. J Cell Biol 1990, 110:481-489

34. Plantefaber LC, Hynes RO: Changes in integrin recep-
tors on oncogenically transformed cells. Cell 1989, 56:
281-290

35. Albelda SM: Role of integrins and other cell adhesion
molecules in tumor progression and metastasis. Lab
Invest 1993, 68:4-17

36. Kimmel KA, Carey TE: Altered expression in squamus
carcinoma cells of an orientation restricted epithelial
antigen detected by monoclonal antibody A9. Cancer
Res 1986, 46:3614-3623

37. Hirst R, Horwitz A, Buck C, Rohrschneider L: Phos-
phorylation of the fibronectin receptor complex in cells
transformed by oncogenes that encode tyrosine ki-
nases. Proc Natl Acad Sci USA 1986, 83:6470-6474

38. Stamp GWH, Pignatelli M: Distribution of /31, al, a2
and O3 integrin chains in basal cell carcinomas. J
Pathol 1991, 163:307-313

39. Argraves WS, Suzuki S, Arai H, Thompson K, Piersch-
bacher MD, Ruoslahti E: Amino acid sequence of the
human fibronectin receptor. J Cell Biol 1987, 105:
1183-1190

40. Pytela R, Pierschbacher MD, Ruoslahti E: Identifica-
tion and isolation of a 140 kd cell surface glycoprotein
with properties expected of a fibronectin receptor. Cell
1985, 40:191-198

41. Sonnenberg A, Modderman PW, Hogervorst F: Lami-
nin receptor on platelets is the integrin VLA-6. Nature
1988, 336:487-489

42. McCarthy JB, Skubitz APN, Palm SL: Metastasis inhi-
bition of different tumor types by purified laminin frag-
ments and a heparin-binding fragment of fibronectin.
J Natl Cancer Inst 1988, 80:108-116

43. Honn KV, Tang DG: Adhesion molecules and tumor
cell interaction with endothelium and subendothelial
matrix. Cancer Metastasis Rev 1992, 11:353-375



1044 Timmer et al
AJP Mav 1994, Vol. 144, No. 5

44. Pignatelli M, Rosaria Cardillo M, Hanby A, Stamp
GWH: Integrins and their accessory adhesion mol-
ecules in mammary carcinomas: loss of polarization in
poorly differentiated tumors. Hum Pathol 1992, 23:
1159-1166

45. Schwartz MA: Signaling by integrins: implications for
tumorigenesis. Cancer Res 1993, 53:1503-1506

46. Schulze C, Holstein AF: On the histology of human
seminoma. Development of the solid tumor from intra-
tubular seminoma cells. Cancer 1977, 39:1090-1100

47. Santamaria L, Martinez-Onsurbe P, Paniagua R, Nistal
M: Laminin, type IV collagen, and fibronectin in nor-
mal and cryptorchid human testes. Int J Androl 1990,
13:135-146

48. Pollanen PP, Kallajoki M, Risteli L, Risteli J, Suominen
JJ: Laminin and type IV collagen in the human testis.
Int J Androl 1985, 8:337-347

49. Barsky SH, Siegal GP, Jannotta F, Liotta LA: Loss of
basement membrane components by invasive tumors
but not by their benign counterparts. Lab Invest 1983,
49:140-147

50. Pierce GB: Ultrastructure of human testicular tumors.
Cancer 1966, 19:1963-1983

51. Bosman FT, Havenith MG, Visser R, Cleutjens JPM:
Basement membranes in neoplasia. Prog Histochem
Cytochem 1992, 24:1-92

52. Havenith MG, Dingemans KP, Cleutjens JPM, Wa-
genaar SS, Bosman FT: Basement membranes in
bronchogenic squamus cell carcinoma: an immuno-
histochemical and ultrastructural study. Ultrastruc
Pathol 1990, 14:51-63

53. Enders GC, Henson JH, Millette CF: Sertoli cell bind-
ing to isolated testicular basement membrane. J Cell
Biol 1986, 103:1109-1119

54. Dvorak HF: Tumors: wounds that do not heal. Similari-
ties between tumor stroma generation and wound
healing. N Engl J Med 1986, 315:1650-1659

55. Dvorak HF, Form DM, Manseau EJ, Smith BD: Patho-
genesis of desmoplasia. I. Immunofluorescence iden-
tification and localization of some structural proteins of
line 1 and line 10 guinea pig tumors and of healing
wounds. J Natl Cancer Inst 1984, 73:1195-1205

56. Nagy JA, Brown LF, Senger DR, Lanir N, Van de Water
L, Dvorak AM, Dvorak HF: Pathogenesis of tumor
stroma generation: a critical role for leaky blood ves-
sels and fibrin deposition. Biochim Biophys Acta
1989, 948:305-326

57. Tomasini BR, Mosher DF: Vitronectin. Prog Hemost
Thromb 1991, 10:269-305

58. Brown LF, Lanir N, McDonagh J, Tognazzi K, Dvorak
AM, Dvorak HF: Fibroblast migration in fibrin gel matri-
ces. Am J Pathol 1993, 142:273-283

59. Rabes HM, Schmeller N, Hartmann A, Rattenhuber U,
Carl P, Staehler G: Analysis of proliferative compart-
ments in human tumors. II. Seminoma. Cancer 1985,
55:1758-1769

60. Van den Hooff A: Stromal involvement in malignant
growth. Adv Cancer Res 1988, 50:159-196

61. Cornil I, Theodorescu D, Man S, Herlyn M, Jambrosic
J: Fibroblast cell interactions with human melanoma
cells affect tumor cell growth as a function of tumor
progression. Proc Natl Acad Sci USA 1991, 88:6028-
6032

62. Cooper S, Pera MF: Vitronectin production by human
yolk sac carcinoma cells resembling parietal
endoderm. Development 1988, 104:565-574

63. Fidler IJ: In vitro studies of cellular-mediated immuno-
stimulation of growth. J NatI Cancer Inst 1973, 50:
1307-1312

64. Hemler ME, Sanchez-Madrid F, Flotte TJ, Krensky AM,
Burakoff SJ, Bhan AK, Springer TA, Strominger JL:
Glycoproteins of 210,000 and 130,000 m.w. on acti-
vated T cells: cell distribution and antigenic relation to
components on resting cells and T cell lines. J Immu-
nol 1984, 132:3011-3018

65. Hemler ME, Ware CF, Strominger JL: Characterization
of a novel differentiation antigen complex recognized
by a monoclonal antibody (A-1A5): unique activation-
specific molecular forms on stimulated T cells. J Im-
munol 1983, 131:334-340

66. Hessle H, Sakai LY, Hollister DW, Burgeson RE, Eng-
vall E: Basement membrane diversity detected by
monoclonal antibodies. Differentiation 1984, 26:49-54

67. Giltay JC, Brinkman HJ, Modderman PW, von dem
Borne AE, van Mourik JA: Human vascular endothelial
cells express a membrane protein complex immuno-
chemically indistinguishable from the platelet VLA-2
(glycoprotein la-Ila) complex. Blood 1989, 73:1235-
1241

68. Fradet Y, Cordon-Cardo C, Thomson T, Daly ME, Whit-
more WF Jr, Lloyd KO, Melamed MR, Old LJ: Cell sur-
face antigens of human bladder cancer defined by
mouse monoclonal antibodies. Proc Natl Acad Sci
USA 1984, 81:224-228

69. Wayner EA, Carter WG, Piotrowicz RS, Kunicki TJ: The
function of multiple extracellular matrix receptors in
mediating cell adhesion to extracellular matrix: prepa-
ration of monoclonal antibodies to the fibronectin re-
ceptor that specifically inhibit cell adhesion to fi-
bronectin and react with platelet glycoproteins Ic-Ila. J
Cell Biol 1988, 107:1881-1891

70. Hemler ME, Huang C, Takada Y, Schwarz L,
Strominger JL, Clabby ML: Characterization of the cell
surface heterodimer VLA-4 and related peptides. J
Biol Chem 1987, 262:11478-11485

71. Sanchez-Madrid F, De Landazuri MO, Morago G, Ce-
brian M, Acevedo A, Bernabeu C: VLA-3: a novel
polypeptide association within the VLA molecular
complex: cell distribution and biochemical character-
ization. Eur J Immunol 1986, 16:1343-1349

72. Brown DL, Phillips DR, Damsky CH, Charo IF: Synthe-
sis and expression of the fibroblast fibronectin recep-
tor in human monocytes. J Clin Invest 1989, 84:366-
370

73. Sonnenberg A, Janssen H, Hogervorst F, Calafat J,
Hilgers J: A complex of platelet glycoproteins Ic and
Ila identified by a rat monoclonal antibody. J Biol
Chem 1987, 262:10376-10383


