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Abstract

The KAI1/CD82 tetraspanin is a widely expressed cell surface molecule thought to organize
diverse cellular signaling processes. KAI1/CD82 suppresses metastasis but not tumorigenicity,
establishing it as one of a class of metastasis suppressor genes. In order to further assess its
functions, we have characterized the phenotypic properties of Kail/Cd82 deleted mice, including
viability, fertility, lymphocyte composition, blood chemistry and tissue histopathology, and of their
wild-type and heterozygote littermates. Interestingly, Kail/Cd82~~ showed no obvious genotype
associated defects in any of these processes and displayed no genotype associated histopathologic
abnormalities after 12 or 18 months of life. Expression profiles of non-immortal, wild-type and
Kai1/Cd82~/~ mouse embryo fibroblast (MEFs) indicated distinct sex-specific and genotype-
specific profiles. These data identify 191 and 1,271 differentially expressed transcripts (by twofold
at £<0.01) based on Kail/CD82 genotype status in female and male MEFs, respectively.
Differentially expressed genes in male MEFs were surprisingly enriched for cell division related
processes, suggesting that Kail/Cd82 may functionally affect these processes. This suggests that
Kai/Cd82 has an unappreciated role in the early establishment of proliferation and division when
challenged with a new environment that might play a role in adaptability to new metastatic sites.
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INTRODUCTION

Cancer progression, specifically the process of metastasis, is the critical step in determining

whether many cancers become fatal. Many gene products have been implicated in growth,

maintenance, and suppression of cancer, yet few function specifically to suppress metastasis
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without affecting the overall growth of the cancer. These genes collectively called metastasis
suppressors are defined by their ability to functionally impede metastatic spread but have no
effect on the growth or maintenance of the primary lesion in orthotopic tumor models. One
of the first genes identified that met this definition was the KA/ gene. KAI1 was originally
identified for its ability to suppress prostate cancer cell metastasis. Specifically, KAI1
impeded lung metastasis formation when introduced into the highly metastatic AT6.1
Dunning rat prostate cancer cell line, whereas no effect was noted in primary tumor
formation [1]. Since this seminal discovery, KAI1 has been implicated in the metastatic
spread of numerous cancer types. Reduced or lack of KAI1 expression in cancers is often
linked with poor prognosis and its elevated expression is associated with a less severe
clinical course [2-13].

KAI1, also known as CD82, is a member of the tetraspanin family of membrane spanning
cell surface molecules. Tetraspanins play a wide variety of roles in cell adhesion, migration,
and in the organization of effective cell signaling. Much research has been undertaken to
understand the role of tetraspanins and specifically KAI1 in these processes. Thus, Kail/
Cd82 is hypothesized to function as an adaptor molecule involved in a wide variety of
processes. KAI1/CD82 is known to interact with a wide variety of molecules including
integrins, other tetraspanins as well as cell surface receptor tyrosine kinases such as c-met
and epidermal growth factor receptor [14,15]. Deregulation of tetraspanins and integrins are
common findings in cancer cells further implicating Kail in these processes. Kail has also
been shown to functionally interact with DARC, the Duffy antigen receptor for chemokines,
and this interaction has also been suggested as key to its function [16,17]. The role of Kail
as a metastasis suppressor has been expertly reviewed [14,18,19].

KAIL1/CD82 is highly expressed in immune cells of the blood where its expression is integral
to viral infection of T cells [20,21]. The C33 monoclonal antibody to KAI1/CD82 was able
to block virus-induced syncytium formation in T cells. These studies pointed to the necessity
of the molecule to allow syncytium formation and selective viral uptake [20,21]. The role of
KAI1/CD82 in epithelial cells is much less clear. KAI1/CD82 mRNA is expressed in most
tissues, unlike some other tetraspanins which exhibit more restricted tissue expression
[22,23]. In our previous study, we developed the first mouse specific Cd82 antibody and
confirmed Kail/Cd82 protein expression in specific cell types in most mouse organs. We
found varying levels of Kai/Cd82 expression in all tissues with the exception of smooth
muscle [24]. Murine and human KAI1/CD82 are fairly conserved at the amino acid level
principally differing only in the number of 7+linked glycosylation sites, further suggesting
that the murine model is appropriate for study of the normal functions of KAI1/CD82.

The effect of germline deletion has been examined for several tetraspanins but has not been
reported for Kail/Cd82. These murine germline deletion experiments have uncovered
several unexpected functions of some tetraspanins. Most notably germline deletion of CD9
results in the inability of sperm egg fusion with CD9 required on egg plasma membrane
[25-27]. However, more commonly germline deletion of tetraspanins in mice results in few
grossly detectable defects noted in vivo. Deletion of CD37, CD81, CD151, CD63, and
TSSC6 all result in viable mice having only subtle or no altered phenotypes [28-32].
Notable phenotypes were not seen for CD37 or Tssc6 mice, while increased brain size was
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noted as the only major phenotype alteration in CD81 null animals [31]. CD151 null mice,
although outwardly phenotypically normal, exhibit an increased propensity to bleed and
demonstrate a failure in wound healing [33]. CD151 mice also exhibit an increased
resistance to metastasis [34]. CD63 mice exhibit abnormal water balance due to kidney
dysfunction [28]. Several of these models exhibit increased proliferation of lymphocytes
upon stimulation in vitro [35,36]. The lack of appreciable phenotypes in tetraspanin
knockouts is perhaps unsurprising given the high level of protein conservation among the
tetraspanins. The redundancy of tetraspanin function was further noted by the ability of
CD8L to rescue the CD9 null sperm egg fusion phenotype [37]. In order to further examine
the function of Kail we deleted it in the mouse and performed an initial characterization of
its gross phenotypes and effect on viability.

METHODS

Targeting Vector

Mice

A mouse BAC (Life Technologies, Foster City, CA) containing murine Kail was
recombined into PLMJ235. Safl and £coRV flanked 5" homology and £coRV and Notl
flanked 3" homology arms were generated by PCR ligation to PBSK and used to create a
loxP-neo cassette via ligation to PLMJ237. The cassette was used to recombine with
PLMJ235 genomic DNA plasmid. The final recombined plasmid was linearized and used to
target ES cells. The recombination strategy for building the targeting vector utilized has been
expertly detailed [38].

ES cells were screened by Southern blotting. Targeted cells were introduced to pseudo-
pregnant mice. Resultant chimeric offspring were bred and Kail/Cd82-targeted strains were
identified. Two independent strains of mice were backcrossed to the C57BL/6 strain using
the NCI speed congenic service, SAIC Frederick MD. Southern blotting, Northern blotting
and immunoblotting and immunohistochemistry with mouse anti-Kail all confirmed
absence of Kail/Cd82 in knockout mice.

Genotyping and Sex Determination

Pathology

Probes were constructed by polymerase chain reaction at both the 5" and 3" end; primers for
probes were 32623-F-ctcttgggctgtttatcctgcaa and 33040-R-tcaagttgtgceccaaagttgec for 5” and
43367-F-ggtcatgtgagaggcaggatca and 44134-R-cagtccccagaaaagtcaccag for 3. These were
cloned in vector PCR-4-TOPO (Life Technology). Plasmids were isolated, confirmed by
sequence and inserts purified following £coR1 digestion. Five microgram genomic DNA
was digested with XAol and Kprl and separated on 1% gels. Radio-labeled random primed
probes were prepared and hybridized as previously described [39]. Sex of mouse embryo
fibroblasts (MEFs) were determined using PCR and primers targeting Sry and Tsh
essentially as described [40].

Mice at 6-8 wk, 12 and 18 months of age were evaluated for hematology, serum
biochemistry, and histologic abnormalities of all major organs without prior knowledge of
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genotypes by board certified veterinary pathologists (R.M.S. and J.D.W.). Gross necropsies
and blood analyses were performed at the NCI-Frederick (Frederick, MD) contract facilities.
Blood collection (<0.2 ml) was performed by mandibular bleeding. For the complete blood
count (CBC) analysis, whole blood was collected in Microvette EDTA collection tubes
(Sarstedt, Inc., Newton, NC) and 20 pl was analyzed using a Hemavet 950 Multispecies
Hematology Analyzer (Drew Scientific, Waterbury, CT). For blood chemistry analysis,
blood was collected in serum separator tubes (Becton Dickinson, Palo Alto, CA) and
allowed to sit at room temperature for 30 min. Tubes were centrifuged at 2,000 rpm for 10
min. The chemistry analysis was done using 100 pl of serum on the VetScan (Abaxis, Union
City, CA) and/or 40-50 pl of serum on the Vitros analyzer (Ortho Clinical Diagnostics
Raritan, NJ). Immunohistochemistry and immunoblotting were performed on murine tissues
using rabbit anti-Kail antibodies as previously described by our group [24].

Gene Expression

Embryonic day 12.5 embryos were collected, extensively rinsed in PBS, and cells were
harvested in 100 mm dishes for in vitro culture. When wells became confluent, cells were
harvested, counted, and replated 1:4 into 60 mm dishes. Three dishes were used for RNA
isolation and the remaining dish was used for future growth studies, as well as genotyping
and sex determination. Selected MEFs were serially passaged until immortal and are
available for future study. Total RNAs were used to evaluate gene expression on Affymetrix
GeneChip® Mouse Genome 430 2.0 Array (Affymetrix, Inc., Santa Clara, CA).

Expression Analysis

Expression Console software Ver 1.1 (Affymetrix, Inc.) was used to determine the signal
values according to the MASS5 algorithm. Total intensity normalization was applied by
normalizing each of the arrays to trimmed mean signal value of 500. All the statistical
calculations were done on logarithmic values of signals to the base 2. Global expression
profiles were examined by multidimensional scaling (MDS) using 1-correlation as distance
metric. About 25,000 transcripts that were detected at least in half of the arrays were
included for this analysis. The 3D graph of arrays from this analysis indicated that male
Kail/Cd82~/~ MEFs (16 cases) inappropriately clustered together with male wild type,
though male to female MEFs were well segregated as expected. Examination of Cd82
expression levels of MEF (16 cases) indicated similar values to those of wild-type MEFs.
The Xist gene expressions of all male MEFs were much lower than female MEFs,
rationalizing the dissimilarities observed in MDS. Global expression profiles between WT
and Kai1/Cd82~/~ male MEFs were found to be significantly different at global test A=
0.001 after excluding MEF (16 cases; BRB ArrayTools software ver. 4). Differentially
expressed genes between WT and Kai1/Cd82~/~ MEFs were determined by two-sample #
tests at two-tailed P-value < 0.01. There were 1271 transcripts up- or down-regulated by
twofold at this P-value threshold and having a geometric average signal value >100. Similar
comparison of female MEFs identified 191 transcripts up- or down-regulated by twofold at 2
< 0.01 where the global test P-value = 0.01. Gene ontology analysis of 1,271 transcripts by
Expression Analysis Systematic Explorer (EASE) software identified enrichment for down-
regulated immune response and cell proliferation pathway genes. Similar analysis of 191
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transcripts altered by twofold in female MEFs indicated enrichment for up-regulated
morphogenesis and cell migration-related genes.

We isolated the murine Kail locus in a bacterial artificial chromosome (BAC) following a
PCR screen. This BAC was used to create a gene targeting vector with the goal to remove
the second exon of the Kail/Cd82 gene. In the mouse, this exon contains the translation
initiation codon and we predicted that its elimination would result in a null allele. We
followed an established recombination vector creation strategy in use at our institution [38].
Our vector was designed to be multifunctional and could result in subsequent Cre
recombinase driven deletion (Figure 1A and 1B). We introduced linearized vector to ES cells
and screened for recombinants. Of the initial 37 clones analyzed, 12 contained the expected
bands following Southern blot analysis using both 5" and 3" specific probes. In addition, we
amplified across the entire locus and sequenced the recombined locus to confirm the
integration. Upon this sequencing we noted that an internal recombination within the
targeting vector had removed an internal loxP site (and exon 2). This unintended loss will
affect the utility of the resultant mouse strain for use in promoter specific Cre driven
recombination of this locus. The resultant recombinant mice described in this article
therefore represent a conventional gene deletion for exon 2 of the Kail/Cd82 locus.

We crossed resultant chimeric mice in order to generate Kail-targeted mice and created two
independent lines of Kail-targeted mice. These initial crosses resulted in normal litter sizes
and offspring with apparent normal Mendelian ratios of targeted and non-targeted alleles and
a roughly equal distribution of female and male offspring (data not shown). We examined
these offspring for Kail/Cd82 mRNA message and protein. First, we utilized RT-PCR assays
to examine the expression of Kail message in mice that had been genotyped as +/+ and —/-
by Southern blotting. Assays utilizing RNA isolated from the spleen, an organ with abundant
Kail expression, confirmed a lack of message in —/— mice (data not shown). To confirm that
the lack of message results in mice null for Kail protein, we examined the expression of
Kail in the spleens from wild-type (+/+) and suspected null (-/-) mice. Wild-type mice
expressed abundant Kail protein, whereas —/— mice exhibited no detectable protein (Figure
1C). We further examined Kail expression using immunohistochemistry and confirmed the
lack of Kail in null mice (Figure 1D). These data confirmed that our targeted strategy
resulted in efficient removal of Kai1l/Cd82 exon 2 and that this removal results in a locus
incapable of producing normal Kail/Cd82 protein.

As a first pass to determine if Kail/Cd82 loss contributed to any noticeable phenoptyic
changes in mice, we examined a limited number of these mixed background mice at
approximately 6 months of age. Specifically, we performed a detailed histopathologic
analysis of three mice for each sex and genotype at this age. In general, there were no
obvious genotype-specific differences. However, histopathologic examination identified
several pancreatic abnormalities in two male —/— and in one male heterozygous mouse. The
pancreases from these mice contained cystic, hyperplastic foci, suggestive of early islet cell
adenoma (data not shown).
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To follow up these observations, we designed a phenotypic study with greater statistical and
longitudinal power. Furthermore, we performed extensive background crossing to C57BL/6
mice in order to produce near isogenic animals. These backcrosses were supported by
genotypic speed congenics, which selected animals with the highest percentage of C57BL/6
background for successive breeding. Following these speed congenic background crosses,
we obtained mice with the Kail/Cd82 null allele that were confirmed to be comprised of
>99% C57BL/6 background (data not shown). Using these mice we performed more
extensive histopathologic analyses at 12 and 18 months of age, as well as performed CBC
and blood chemistry analyses.

The results of breeding on the C57BL/6 background supported our initial breeding results in
mixed background mice. These breedings resulted in 31 broods with 260 males and 206
females born. These included 100 wild-type, 240 heterozygote, and 122 homozygous knock-
out mice. Near Mendelian ratios of offspring indicated that Kai1/Cd82 did not affect
viability (Table 1). Furthermore, we examined whether Kail null animals were fertile.
Eighteen matings of —/— animals from two independent knockout strains produced 112
offspring resulting in an average litter size of 6.22. These data were entirely consistent with
data obtained from with 16 matings of +/+ animals which produced 98 offspring with an
average litter of 6.12. These data are also in agreement with average litter size of 6.2
reported for this strain of mice [41]. Taken together these data are consistent with there
being no effect of Kail on viability or fertility.

No genotypic-related histopathologic abnormalities were observed in the pancreas of these
mice, in contrast to proliferative changes noted in small numbers of mixed background mice.
As expected from older animals, we detected numerous lesions in 12 and 18-month-old mice
including benign neoplasms and some malignancies (Table 2). Specifically, we noted 37
neoplasms among all aged mice. However, none of these occurred with unexpected
frequency compared to conventional C57BL/6 mice, and therefore were not associated with
any specific genotype.

We performed analysis of blood chemistry (Table 3) and blood composition (Table 4) in
littermates from Kail/Cd82+/— matings. While some of the values were statistically different
none of these apparent abnormalities in blood composition relating to genotype fell outside
the normal range for this strain of mouse.

Because we noted no obvious Kail/Cd82 genotype knockout effects on mouse physiology
and longevity, we performed a gene expression array analysis designed to test whether Kail/
Cd82 had any effect on gene expression. Rather than examine an organ or tissue from adult
mice we instead chose to examine non-immortalized cells grown from Day 12.5 mouse
embryos. Specifically, we chose to examine these cells at the point where they first begin to
grow in culture to simulate an adaptive challenge. We harvested Day 12.5 embryos and
established them in culture. At the first passage these cells were harvested in triplicate for
gene expression array, genotype, and sex determination. We performed Affymetrix gene
expression analysis on the resultant samples.
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Unsupervised MDS analysis showed that gene expression from MEFs was tightly linked to
the sex of the derived cells as well as to the Kail/Cd82 genotype. Specifically, total gene
expression in MDS showed four distinct groupings of samples based on sex and genotype
(Figure 2A). These initial findings suggested that there will be many significant sex-
associated transcripts as well as those whose differential expression is attributable to Kail/
Cd82. As expected we identified several well known and established sex-associated
transcripts in comparison of male to female mice, including Xist, which likely drive the
unsupervised clustering of these samples (Supplementary Tables S1 and S2). To determine
the effect of Kail/Cd82, we also performed differential gene expression analysis of males
and females separately and according to genotype. Many genes were identified that were
associated with Kail/Cd82 genotype (presence or absence) in both male and female mice
and some were only sex dependent (Supplementary Tables S3 and S4). The top differentially
expressed genes in male and female knockout mice are provided in Tables 5 and 6.

Of these differentially expressed transcripts we noted a marked up-regulation of the
Tmem87A transcript in both male and female Kail/Cd82 null cells. This uncharacterized
transcript putatively encodes a transmembrane protein of unknown function (Figure 2B).
Interestingly, we also noted the loss of the DPCAZ2 transcript in Kail/Cd82 null cells. This
transcript encodes the Dresden Prostate Cancer Associated 2 transcript. This transcript is
normally considered a prostate-specific transcript, but was detected in both male and female
MEFs in our experiment. Loss of DPCA2 was noted in both male and female Kail/Cd82-/-
MEFS (Figure 2C). Real-time quantitative PCR confirmed the differential expressions of
these transcripts (Figure 2).

Because we examined these MEF cultures at a point where they were still establishing
growth in culture and prior to immortalization we were interested in seeing if Kail/Cd82
genotype affected any global processes. Therefore, we examined the differentially expressed
genes related to genotype using Gene Ontology analysis. As might be expected based on
known Kail/Cd82 function, we found that gene ontologies related to immune response and
cell adhesion were among the four most highly over-represented gene ontologies (Table 7).
Surprisingly, we also noted that genes associated with cell proliferation and mitosis were
also among the top four ontologies (Table 7). Finally, we examined the expression of known
metastasis associated genes in Kail/Cd82 wild-type and null cell (Figure 3 and Table 8) and
noted differentially expressed genes in this list.

DISCUSSION

We successfully deleted the Kail/Cd82 gene in the germline of mice. These mice were
viable and exhibited no genotype-associated lesions or physiological abnormalities affecting
health or growth at advanced age (18 months). The Kai1/Cd82 null mice, unlike other
tetraspanin-deleted models, did not have any observed effect on reproductive viability. These
mice showed no increased or decreased propensity to neoplasia and exhibited blood
chemistries and hematologic parameters in the normal range for mice on the C57BL/6
background.
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Although these mice were outwardly phenotypically normal, subtle defects may exist for
which we did not test. Several tetraspanins exhibit alterations in lymphocyte proliferation
following stimulation. We did not test this in Kail/Cd82 mice but it is possible that this
process is also affected in Kail/Cd82 mice. Given the well-known role of CD82 in immune
functions, several detailed examinations of altered immune activities could be examined in
future studies utilizing these mice.

The Cd151 tetraspanin is known to affect wound healing in mice. Specifically, mice with
deleted Cd151 have decreased wound healing function [33]. Furthermore, this defect may be
related to angiogenesis [42]. Although we do not present the data in this article, preliminary
experiments did not reveal an overtly obvious defect in wound healing in Kail/Cd82 null
mice (Riss, Risinger, and Barrett, unpublished data). Some emerging evidence suggests a
reciprocal function of CD151 and CD82. Data on cancers suggest loss of Kail/Cd82
contributes to metastasis but similar data suggest gain or retention of CD151 is associated
with advanced and metastatic disease and that Cd151 actively promotes invasion and
motility [43—-45]. Cd151 null mice are also less prone to metastasis than wild-type mice [34].
Recently, interdependence of Cd151 and Kail/Cd82 were also demonstrated on the vitro
motility and invasion of cancer cells [46]. Interestingly, our lab has also determined that
CD151 and CD82 physically interact in yeast 2-hybrid studies (Risinger and Barrett,
unpublished). The reciprocal roles of Cd151 and Kail/Cd82 will require future studies to
unravel their specific functions in cells when both are expressed or when one member is
preferentially expressed.

We examined the global mMRNA expression of Kail/Cd82 mice and their wild-type littermate
MEFs in cell culture. We performed an unbiased assessment of gene expression in passage 1
MEFs at the initial phases of cell growth in culture when these cells are challenged with a
new environment. We hoped to uncover novel functions of Kail which could be related
through downstream affects on gene expression. Data from these studies clearly showed sex
and genotype effects on global expression. In fact both these were globally significant
suggesting a profound effect of Kail/Cd82 on the transcriptome of mice. The lists of
differentially expressed genes identified several interesting genes. These included a dramatic
up-regulation of TMEM87a, Desmoplakin and Palladin in Kail/Cd82 null cells. TMEM87a
is an unstudied gene whose protein sequence suggests a protein in a transmembrane
location. This gene was the most highly up-regulated transcript in response to Kail loss in
MEFs. Message levels of desmoplakin an integral component of desmosome mediated cell
attachments was also significantly increased in Kail null cells. The palladin gene suspected
of association with actin cytoskelelon was also up-regulated. These findings suggest that
Kail influences cell attachments and cell shape.

CONCLUSION

Early work defining metastasis suppressors noted the ability of certain human chromosomes
to suppress metastasis in orthotopic cancer models without affecting tumor formation [47—
50]. Several different human chromosomes including 7, 10, 11, and 17 were shown to
possess this property. Kail/Cd82 was originally identified as the metastasis suppressor from
chromosome 11. The human KAI1 gene was able to effectively suppress the formation of
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lung metastasis in the Rat AT6 cell line without affecting tumorigenicity. These studies have
resulted in focusing future metastasis suppressor research on metastatic processes such as
motility, invasion, etc. rather than those related to central tumor processes which might
include apoptosis or proliferation. However, the results of our ontology analysis on the
differentially expressed genes identified in the comparison of wild-type to Kail/Cd82 null
mice showed both expected and unexpected results. Unsurprisingly, based on known Kail/
Cd82 functions, we noted cell adhesion and immune function as ontologies over-
represented. However, we were surprised to see that mitosis and cell proliferation were the
other two top ontologies. This suggests that Kai/Cd82 has an unappreciated role in the early
establishment of proliferation and division processes when cells are challenged with a new
environment, in our case cell culture; in vivo this might be adaptability to new metastatic
sites.

In summary, we report the generation of Kail/Cd82 null mice. Although these mice were
outwardly normal they are likely to yield further valuable information in other studies
related to metastasis and normal biology regarding immune function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

MEF mouse embryo fibroblast

CBC complete blood count

MDS multidimensional scaling

EASE Expression Analysis Systematic Explorer

BAC bacterial artificial chromosome
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Figure 1.
(A) Knock-out recombination strategy. (B) Southern blotting of wild-type (+/+) and

homozygous deleted (-/-) Kail/Cd82 mice. (C) Kail/Cd82 immunablot in proteins isolated
from wild-type (+/+) and homozygous deleted (—/-) Kail/Cd82 mouse spleens. (D)
Immunohistochemical detection of Kail/Cd82 in kidney sections from wild-type (+/+),
heterozygous (+/-), and knockout (/=) mice.
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Figure 2.
(A) Gene expression of passage 1 cultures of Day 12.5. WT and null mouse embryos

identify genes systemically regulated by Kail/Cd82. Global effect of gene expression
demonstrated using unsupervised multidimensional scaling analysis. F KO, female knockout
(=/-); F WT, female wild type; M KO, male knockout (=/-); M WT, male wild-type mice.
(B,C) Tmem87a and DPCAZ2 gene expressions that are affected by Cd82/Kail genotype. F =
female, M = male, +/+ = WT, —/- = KO. Left: Microarray. Right: TagMan validation.
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Description

catenin alpha-like 1
cathepsin B .
matrix metallopeptidase 23
desmin :
RAS-related C3 botulinum substrate 1
non-metastatic cells 4, protein expressed in
serine peptidase inhibitor, clade B, member 2
cathepsin D '
Harvey rat sarcoma virus oncogene 1
mannoside acetylglucosaminyltransferase 5
desmoplakin
cadherin 2 _
matrix metallopeptidase 11 "
transformed mouse 3T3 cell double minute 2
non-metastaticcells 1 _ )
T-cell lymphoma invasion and metastasis 2
thrombospondin 1
cystatin
ous sarcoma oncogene
LIM-domain contaminl?, &rotem kinase
Eerlecan F{heparan sulfate proteoglycan 2)
ERP, TP53 apoptosis effector
catenin beta 1
protocadherin 7
caspase 9 .
matrix metallopeptidase 17
platelet derived growth factor, alpha

<0.66 1 >1.5

Ratio

Gene Descrlptzo n

Ctnnall catenin alpha-like 1

Ctsb cathepsin B .

Mmp23 matrix metallopeptidase 23

Hspg2 perlecan (heparan sulfate proteoglycan 2)

Des desmin )

Rac1 RAS-related C3 botulinum substrate 1

Nme4 non-metastatic cells 4, protein expressed in

Serpinb2 serine peptidase inhibitor, clade B, member 2

tsd cathepsin D <

Mgat5 mannoside acetylglucosaminyltransferase 5

DSﬁ desmoplakin

Cdh2 cadherin 2 -

Mmp11 matrix metallopeptidase 11

Hras1 Harvey rat sarcoma virus oncogene 1

Mdm2 transformed mouse 3T3 cell double minute 2

Nme1 non-metastaticcells 1 .

Tiam2 T-cell lymphoma invasion and metastasis 2

Thbs1 thrombospondin 1

Cst3 cystatin C

Srec Rous sarcomaoncogene

Limk1 LIM-domain containing, protein kinase

Mmp17 matrix metallopeptidase 17

Casp9 caspase 9

Pdgfa glatelat derived growth factor, alpha

Perp ERP, TP53 apoptosis effactor

Ctnnb1 catenin beta 1

Pedh7 protocadherin 7

Metastasis-related genes differentially expressed in MEFs derived from wild-type and
knock-out Kail/Cd82 mice. Red is up-regulated, Green is down-regulated. Top: reference is
male Cd82*/*. Bottom: reference is female Cd82+/*.
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Breedings Resulted in Near Mendelian Ratios of Offspring Indicating That Kail/Cd82 Did Not Affect

Viability
Ratio

Female hets  0.507
Female KO  0.275
Female WT  0.217
Male hets 0.525
Male KO 0.259
Male WT 0.216

Table 1.
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