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Germline variants in the SEMA4A gene predispose
to familial colorectal cancer type X

Eduard Schulz!, Petra Klampfl'2, Stefanie Holzapfel®, Andreas R. Janecke®>, Peter Ulz® Wilfried Renner”,

Karl Kashofer8, Satoshi Nojima®'0, Anita Leitner!, Armin Zebisch!, Albert Wélfler!, Sybille Hofer',

Armin Gerger'?, Sigurd Lax'3, Christine Beham-Schmid®, Verena Steinke3, Ellen Heitzer®, Jochen B. Geigl®,
Christian Windpassinger®, Gerald Hoefler®, Michael R. Speicher®, C. Richard Boland', Atsushi Kumanogoh? 1516
& Heinz Sill’

Familial colorectal cancer type X (FCCTX) is characterized by clinical features of hereditary
non-polyposis colorectal cancer with a yet undefined genetic background. Here we identify
the SEMA4A p.Val78Met germline mutation in an Austrian kindred with FCCTX, using an
integrative genomics strategy. Compared with wild-type protein, SEMA4AY78M demonstrates
significantly increased MAPK/Erk and PI3K/Akt signalling as well as cell cycle progression of
SEMA4A-deficient HCT-116 colorectal cancer cells. In a cohort of 53 patients with FCCTX, we
depict two further SEMA4A mutations, p.Gly484Ala and p.Ser326Phe and the single-
nucleotide polymorphism (SNP) p.Pro682Ser. This SNP is highly associated with the FCCTX
phenotype exhibiting increased risk for colorectal cancer (OR 6.79, 95% Cl 2.63 to 17.52).
Our study shows previously unidentified germline variants in SEMA4A predisposing to
FCCTX, which has implications for surveillance strategies of patients and their families.
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% olorectal cancer (CRC) is the third most common cancer
worldwide!. Approximately 5% of cases are inherited in an
# autosomal dominant manner with familial adenomatous
polyposis and hereditary non-polyposis colorectal cancer
(HNPCC) being the two major hereditary forms*3. HNPCC is
clinically diagnosed when Amsterdam-1 or -II criteria (AC-1/-1I)
are met: three or more relatives alfected through at least two
generations by CRC (AC-I) or an HNPCC-associated cancer
(AC-11), respectively, with one patient being a first-degree rehtwe
of the other two and one diagnosed before the age of 50 years".
However, 40 to 50% of pdtxents with HNPCC fulfilling AC-I lack
detectable germline mutations in cancer predisposition genes md
are classified as familial colorectal cancer type X (FCCTX)®"
In contrast to Lynch syndrome (LS)—the HNPCC entxty
characterized by germline DNA mismatch repair (MMR) gene
mutations and somatically acquired microsatellite instability—
individuals with FCCTX exhibit decreased risk for extracolonic
neoplasms, that is, endometrial, stomach, small bowel and
urinary tract carcinomas and tumour formation including CRC
development tends to occur at a later age™®?. It is expected that
single uncommon susceptibility genes lransmltted in an
autosomal dominant manner are responsible for a subset of
FCCTX cases, which m turn implies that this syndrome is likely
to be heterogeneous™>®. Here we show that germline variants in
the semaphorine 4A (SEMA4A) gene confer susceptibility to
FCCTX. This finding broadens our understanding of the biology
of those malignancies and forms the basis for effective cancer
detection and prevention strategies.

Results

Pedigree analysis and variant identification. In the course of a
previous study focusing on pedigree analysis of patients with
therapy-related myeloid neoplasms'®!!, we have identified a large
Austrian kindred with FCCTX (Family K, Fig. 1a; Supplementary
Fig. 1). CRCs in this family were inherited in an autosomal
dominant pattern with incomplete penetrance meeting AC-L. In
each affected individual, one to six colorectal adenomas and one
to two CRCs were diagnosed at a median age of 62.5 years (range,
44-72). The majority of colorectal neoplasms was located in the
distal colon and rectum and showed tubular histological features
without evidence for an increase of infiltrating lymphocytes
(Table 1).

We conducted genetic linkage analysis (LA) of five family
members with colorectal neoplasms and one unaffected, putative
mutation carrier (Fig. 1a), which revealed four shared regions on
chromosomes 1, 3, 10 and 20 (Supplementary Fig. 2), none of
them harbouring known cancer-associated genes. We next
performed whole-exome sequencing (WES) on four of these
individuals (Fig. la). A heterozygous germline variant was
identified in the MUTYH gene (NM_001128425.1:c.650G > A:
p-Arg217His, rs147754007) in the first-degree relatives K13 and
K18 but not in individuals K3 and K14 (Supplementary Fig. 3).
We, therefore, excluded MUTYH R217H as a culprit germline
mutation responsible for the majority of neoplasms in this family,
which is in line with the fact that MUTYH-associated polyposis is
an autosomal recessive CRC predisposition syndrome'. To
identify novel candidate causative mutations, we combined LA
and WES and filtered heterozygous, non-synonymous protein-
coding or splice-site variants with a minor allele frequency of
<0.01 (Supplementary Table 1). All variants were confirmed by
Sanger sequencing and analysed in two further family members
with -CRC (K16 and K26). Only variant p.Val78Met
(NM_001193300:¢.232G>A) in the SEMA4A gene located on
chromosome 1q22 was shared by all tested individuals. However,
in this approach, we included two individuals with colorectal

adenomas ccnsmutmg a frequent but not obligate part of
HNPCC syndromes'®, As this might constitute a potential bias,
we focused in an independent analysis on variants from WES
shared by individuals with CRC (K13, K18) or with an offspring
with CRC (K3). Of 24 variants identified (Supplementary
Table 2), two were also present in individuals K16 and K26.
We excluded the p.Val212Phe variant in ZNF763 (rs7249379) due
to non-conservation because Phe212 represents the common
chimpanzee allele. Only SEMA4A V78M segregated with all CRC
cases and was also detected in individuals K9 with testicular and
K14 with breast cancer, respectively (Fig. 1a). Given a mean age of
61 years of individuals with FCCTX at discase onset®, we
estimated a phenocopy rate of 0.00 and a penetrance rate of
0.56 of the SEMA4A V78M variant in Family K. ¢cDNA from
peripheral blood (PB) leukocytes demonstrated expression of the
mutant allele (Supplementary Fig. 4).

SEMA4A is a membrane-bound class 4 semaphorin receptor
with organ-specific and 1mmunomodulalory effects as well as
growth regulatory functions'*1¢. V78M lies within the SEMA
domain responsible for receptor binding and Val78 is well
conserved (Fig. 2a; Supplementary Fig. 5). This variant is absent
from dbSNP137, the 1000 Genomes Project database and the
National Heart, Lung and Blood Institute Exome Variant
Server (ESP6500). Prediction tools favour consequences for its
protein function (SIFT score=0, PolyPhen-2 score=0.987,
vertebrate Phylopl00 score=7.434, vertebrate PhastCons100
score =1, phastConsElements100 score =407 [LOD=65] and
MutationTaster 2 = disease causing with 0.95 probability value).

Recurrent somatic mutations in CRCs of SEMA4A V78M
carriers. We then analysed CRC specimens of mutation carriers
for copy-number alterations by array-based comparative genomic
hybridization and loss of heterozygosity (LOH) by Sanger
sequencing, respectively. Gains on the long arm of chromosome 1
involving the SEMA4A locus were observed in two of three CRCs
together with a homozygous SEMA4A V78M status (Fig. 3). We
did not detect copy-number alterations in the MUTYH gene in
any of the three analysed CRCs including the heterozygous
R217H carrier K13. We also analysed four available CRCs for
recurrent, somatjcally acquired mutations in known CRC genes
by targeted deep sequencing and identified mutations in TP53 in
3/4, APC in 2/4, KRAS in 2/4 and PIK3CA in 1/4 CRC cases,
respectively, as possible cooperating events (Table 2). Notably,
there was no predominance of C:G to A:T transversion mutations
in the CRC of patient K13 characteristic for complete loss of
MUTYH activity'2.

SEMA4AV78M affects proliferative pathways. Compound het-
erozygous germline mutations in SEMA4A have been reported in
patients with retinal degenerative diseases and studies in knock-in
mice showed that one of these mutations (F350C) leads to an
abnormal Sema4A localization in retinal pigment epithelial
cells'”18, A three-dimensional protein mode] of human SEMA4A
predlcts that Val78 has no spatial relationship to residues
associated with retinal disorders (Fig. 2b). In agreement with
this prediction and the farnily’s history lacking apparent ocular
mamfestatlons, the expression of a fusion gene composed of
SemadAY7®M and carboxyl-terminal green fluorescent protein
(GFP) in human retinal ARPE-19 cells showed normal GFP
signal distribution (Fig. 4a).

SEMA4A is widely expressed including normal colonic tissue
(Supplementary Fig. 6) but is undetectable in 2/4 CRC cell lines
analysed (Supplementary Fig. 7). It has been shown to have
inhibitory effects on proliferation and migration of endothehal
cells by antagonizing vascular endothelial growth factorl®
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Figure 1 | Pedigrees of families with germline SEMA4A mutations. Families with V78M (a), G484A (b) and S326F (¢) mutations are shown. L, individual
included in LA; S, individual included in WES; asterisk, SEMA4A mutation carrier; minus, SEMA4A wild type; black symbol, CRC; checkered symbol,
colorectal adenoma; dark grey, malignant neoplasm; light grey, benign neoplasm; number in symbol, number of unspecified offspring. AML, acute myeloid
leukaemia; BC, breast cancer; CRA, colorectal adenoma; GyT, gynaecologic tumour; OvC, ovarian cancer; PC, prostate cancer; TA, thyroid adenoma;
TC, testicular cancer; UC; uterine cancer; UT, uterine tumour. Results of mutational analyses are indicated in tested individuals only. Age at diagnosis
(years) is given in parentheses. For multiple colorectal adenomas, age at first presentation or at screening colonoscopy is indicated. An extended pedigree
of the family with the V78M mutation including age of the individuals is shown in Supplementary Fig. 1, histopathological characteristics of their colorectal

neoplasms are summarized in Table 1.

We therefore analysed transiently transfected SEMA4A-deficient
HCT-116 cells characterized by KRAS and PIK3CA mutations.
We were unable to demonstrate significant differences between
wild-type and mutant SEMA4A on migration (Supplementary
Fig. 8). However, as compared with SEMA4A"', significantly
more SEMA4AV78M_transfected cells were in S phase under
normal growth conditions (Fig. 4b,c). We then assessed activation
of the phosphoinositide 3-kinase/Akt (PI3K/Akt), mitogen-
activated protein kinase/extracellular signal-regulated kinase
(MAPK/Erk) and Wnt/B-catenin pathways that have been
shown to be important in colorectal carcinogenesis'®. As
compared with SEMA4A"™, SEMA4AY7®M.transfected HCT-
116 cells revealed significantly enhanced activation of the PI3K/
Akt and MAPK/Erk pathways both mediating proliferation by
increasing cells in S phase and accelerating G2/M transition
(Fig. 4d,e; Supplementary Fig. 9)0-22, Transient transfection
of 293T cells, however, showed no effect of SEMA4A on the
PI3K/Akt pathway (Supplementary Fig. 10).

SEMA4A variants are associated with FCCTX. To study the
prevalence of SEMA4A germline mutations in FCCTX, we
screened 53 unrelated FCCTX cases from Austria, Germany and
the United States (Supplementary Table 3) and identified

two further mutations located in the SEMA domain (hetero-
zygous c.1451G4C, p.Gly484Ala, rs148744804; homozygous
¢.977C4T, p.Ser326Phe; Supplementary Fig. 11). These mutations
affect highly conserved residues (Fig. 2a and Supplementary
Figs 12 and 13) and prediction tools indicate an effect on protein
function for both of them (Supplementary Table 4). The G484A
variant has a global minor allele frequency of 0.001 in the 1000
Genomes Project and ESP6500 databases. It was also found in
the index patient’s brother  affected with CRC (Fig. 1b;
Supplementary Fig. 11). The novel S326F variant affects a residue
predicted to be involved in homodimer formation (Fig. 2b;
Supplementary Fig. 12). Furthermore, we detected the hetero-
zygous single-nucleotide polymorphism (SNP) p.Pro682Ser
(c.2044C>T, rs76381440) in six of 47 (13%) German and Aus-
trian FCCTX patients, respectively (Supplementary Table 3;
Supplementary Fig. 11). We, therefore, initiated a genetic asso-
ciation study using DNA from 1,138 Caucasian control subjects
from Austria without a personal or family history of cancer.
These specimens were collected previously during the course of a
local health screening study?’. The P682S SNP demonstrated a
highly significant association with the FCCTX phenotype
resulting in an increased risk for CRC (Table 3). Screening the
1000 Genomes Project data base revealed a comparable
prevalence of heterozygotes among European individuals of 2.0%.
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Table 1 | Clinical characteristics of colorectal neoplasms of Family K exhibiting the germline V78 M SEMA4A mutation.
Patient Neoplasm Age (years) Histology Grading/staging Localization SEMA4A V78M
Ké CRA 44 Tubular adenoma Well to moderately differentiated  NA +
K6 CRA 61 Tubular adenoma Well differentiated Sigmoid colon +
K10 CRA 66 Tubular adenoma Well to moderately differentiated  NA -+
K13 CRC 48 Adenocarcinoma pG-3, pT-4, pN-1 Coecum +
K14 CRA 63 Tubular adenoma Well differentiated Rectum +
K16 CRC 7 Tubulopapillary and mucinous  pG-2, pT-2, N-0O Coecum +
adenocarcinoma
K16 CRA 71 Tubulovillous adenoma Well to moderately differentiated Coecum +
Kle CRC 72 Tubular adenocarcinoma pG-2, pT-X Descending/sigmoid colon +
K17 CRA 46 Tubular adenoma Well differentiated Recturn -
K18 CRC 62 Tubular adenocarcinoma pG-2, pT-1, N-O Sigmoid colon +
K18 CRA 62 Jubular adenoma Well to moderately differentiated  Sigmoid colon +
K18 CRA 62 Tubular adenoma Well to moderately differentiated  Sigmoid colon +
K18 CRA 64 Tubular adenoma Well to moderately differentiated  Ascending colon +
K18 CRA 65 Tubular adenoma Well to maoderately differentiated Descending colon +
K18 CRA 66 Tubular adenoma Well to moderately differentiated  NA +
K18 CRA 67 Tubular adenoma Well to moderately differentiated Descending colon +
K20 CRA 55 Tubulovillous adenoma Well differentiated Sigmoid colon -
K26 CRC 55 Adenocarcinoma pG-2, pT-3, pN-2 Rectum +
CRA, colorectal adenoma; CRC, colorectal cancer; NA, not available,
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Figure 2 | Localization of germline and somatic CRC SEMA4A mutations at the protein level. (a) Germline mutations found in this study are illustrated in
red, the SNP in orange, germline mutations associated with eye diseases in blue and somatic CRC mutations in black, respectively. Multiple sequence
alignments of SEMA4As of selected species are shown below. Note that class 4 semaphorins can only be found in vertebrates. (b) SEMA and PSI domains
(55-527, yellow) of human SEMA4A were modelled primarily to SEMA4D (10LZ). Eye disease-associated residues D345 and F350 are located in the
back of the protein below the plexin binding sites (magenta). V78 and G484 have no contact to the surface, are spatially distinct from D345 and F350
but are located in juxtaposition in B-propellers 1 and 7, respectively. $326 is part of the homodimer interface (cyan) having surface contact.

SEMA4A is somatically mutated in sporadic cancers. Finally, we
were interested whether somatically acquired SEMA4A mutations
are prevalent in sporadic CRCs as well as other neoplasms.
Analysis of confirmed mutations across different cancer types
revealed that SEMA4A mutations occur in 2.7% (15/559) of
colorectal, 2.8% (6/212) of stomach and 3.3% (8/241) of uterine
cancers*#2. In 92% of them, they constitute missense mutations
(Supplementary Table 5) scattered throughout the gene (Fig. 2a).
Data from the cBioPortal for Cancer Genomics indicate that the

SEMA4A gene is amplified in a wide range of different tumours
and that deletions are only rarely seen (Supplementary Fig. 14).

Discussion

Semaphorins constitute a family of secretory or membrane-
bound receptors, which were first described as regulators
of neuronal axon growth®®. They are characterized by an
extracytoplasmic  amino-terminal  B-propeller—the SEMA

4 NATURE COMMUNICATIONS [5:5191] DOI: 10.1038/ncomms6191 | www.nature.com/naturecommunications
© 2014 Macmillan Publishers Limited. All rights reserved.



NATURE COMMUNICATIONS | DOIL 10,1038/ neormms6191 ARTICLE

K13 BN S PR P e . e :
B 1 ¥ 2 ¢ 3
K16 gy o A
{
K26 |,
i~
T g A T T T T T T Y T Y T i e
b K13 K16 K26
CT-CoTGGG CT=CiTGGG CTACRTGGG
3 8 2
> . 2 3
) i = =
2 A 1% 2
VAT 5 5
> VA ° °
3 o o
CT-C"TGGG
o O Q
e i i
G [$) [§]
A NTC V78 oligo
1928 2,432
1605 2,024
1284 1,616
962 1,208
640 800|
318 392
-4 -16
-326 —a24
648 -832
-970 1,24
1,110 -766 -422 78 266 610 954 1,208 1642 1936 -1120 -737 -354 29 412 795 1,478 1,561 1944 2,327
M78 oligo V78 + M78 oligo
3,707 3621
3204 3,102
2,701 2,683
2,198 2,264
= 1,695 1,845
ol BERCA 1,426
689 1,007
186 588/
317 169
-820
620 -285 50 385 720 1055 1,380 1,725 2,060 2395 ~340 ~135 70 275 480 6885 890 1,085 1,300 1,505
K13 CRC, 51% M78 K26 CRC, 99.9% M78
4,837 3564
124 . 3118
3411 2672
2,698 2226
1.985 1,780
1,272 1,334
559 888
154 ’ 442
-867 -
-5 -450
-1,110 -725 340 45 430 815 1.200 1585 1970 2365 —430 -1 428 857 1286 1715 2144 2573 3,002 3431
»
»
ViC

B vic vrs)

Figure 3 | LOH in CRCs of patients K16 and K26. (a) Array-based comparative genomic hybridization of three CRCs from Family K with germline SEMA4A
V78M mutation. A gain in the SEMA4A locus is marked with an arrow. (b) Sanger sequencing. (¢) Quantitative dPCR using fluorophore-coupled (VIC,
FAM) TagMan probes specific for wild-type (V78) or mutant (M78) SEMA4A nucleotide variants. Each dot represents a single well on a 20K chip.
The performance of this assay was tested with specific oligonucleotide templates. The confidence level was set to 95% and the desired precision value
was 10%. NTC, no template control.
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Table 2 | Results of targeted deep sequencing of cancer hot

spot regions in CRCs from Family K with the germline V78M

SEMA4A mutation.

Patient Somatic mutation Protein dbSNP141

alteration

K13 APC p.RB76X 5121913333
NM_000038.5:c.2626C > T

K13 APC p.R1450X 15121913332
NM_000038.5:c.4348C>T

K13 KRAS p.G12l NA

NM_004985.4:¢c.34_35delins AT

K13 TP53 p.S127Y NA
NM_000546.5:¢.380C = A

K13 PIK3CA p.ES45K 15104836003
NM_006218.2:c.1633G > A

K16 None found None found —

K18 TP53 NM_000546.5:¢.844C>T  p.R282W NA

K26 APC NM_000038.5:c.4135G =T  p.E1379X 5121913326

K26 KRAS NM_004985.4:¢.34G > A p.G12S NA

K26 TP53 p.R2480Q rs11540652
NM_000546.5:.c.743G > A

CRC, colorectal cancer; NA, not available.

domain—which is needed for plexin receptor binding®”8. In

addition to their role in developmental and physiological
processes, semaphorins and their receptors have increasingly
been associated with neoplastic disorders (reviewed in refs 24,26).
Interestingly, they have been found to act both, in an anti- and
protumoral fashion depending on the particular semaphorin as
well as the tumour context. Several tumorigenic properties are
thereby influenced including cell proliferation, evasion of
apoptosis, angiogenesis, oxidative stress regulation and
metastasis. However, no particular semaphorin has been
implicated in cancer susceptibility yet. Here we have shown for
the first time that SEMA4A germline variants predispose to a
hereditary neoplastic syndrome.

The germline SEMA4A V78M variant was inherited in an
autosomal dominant fashion with incomplete penetrance in this
family with FCCTX pinpointing additional genetic, environmen-
tal or life style modifiers necessary to establish the malignant
phenotype. Individuals with this variant developed tumours at a
higher age than classical LS patients’, showed a moderate number
of colorectal adenomas and had a propensity for extracolonic
malignancies. Such a genetic modifier might be MUTYH where
the heterozygous germline variant R217H was found in two
SEMA4A V78M carriers with CRC (K13, K18). Biallelic germline
MUTYH mutations—primarily Y179C and G396D—are the
cause of MUTYH-associated polyposis, which is a rare
autosomal recessive syndrome resembling familial adenomatous
polyposis'®?.  Monoallelic MUTYH germline variants are
associated with a small increase in CRC risk; however, this
assumption should be handled with care as different studies have
come to inconsistent results'>3%*!. The MUTYH variant R217H
found in K13 and K18 has been previously described once in a
cohort of 406 patients with more than five polyps and/or
CRC from France but its predisposing role has not been
established yet®2.

We were able to identify two further SEMA4A variants in a
mutational screening of 53 FCCTX patients and studied the
segregation of G484A, which followed a dominant inheritance
pattern. In both pedigrees, variants were associated with
extracolonic neoplasms—ovarian cancer in G484A and endome-
trial cancer in S326F. Homozygosity of the S326F genotype
observed in the index patient could either be the result of an

additional germline mutation unrelated to other familial cancer
cases or may indicate an autosomal recessive mode of inheritance
operational in this family. However, due to lack of DNAs from
other family members, we were unable to resolve this issue.

The SEMA4A P682S SNP is associated with an increased risk of
CRC in our association study including Austrian and German
individuals. Although this finding has to be replicated in an
independent cohort and might reveal ethnic differences, the data,
nevertheless, suggest that P682S constitutes a risk allele for a
small proportion of CRC cases probably missed by genome-wide
association studies that detect mostly frequent, low penetrant
susceptibility loci®.

The compound heterozygous germline SEMA4A variants
D345H and F350C have been described in patients with retinitis
pigmentosa and cone rode dystrokvhy but until now this
finding has not been replicated!”®*. SemadA-deficient mice
exhibit photoreceptor degeneration and disturbed T-helper cell
function but lack apparently increased tumour development'34,
Given the wide expression of SEMA4A in different tissues, it is
plausible that mutations can have different effects depending on
the respective tissue. In fact, only the F350C but not the D345H
variant was able to recapitulate the retinal disease phenotype of
Sema4A-deficient mice in a homozygous knock-in mouse model,
a genotype not described in humans yet'$, This observation
stresses the special role of the F350 residue for photoreceptor
function. The fact that these mice do not develop overt tumours
does not necessarily argue against a potential tumour
predisposing role. First, these animals have not been thoroughly
investigated for tumour formation, and second, mutations in
human cancer susceptibility gene homologues do not consistently
result in increased carcinogenesis in mice. With respect to
colorectal carcinogenesis, this has been clearly shown for the
MMR gene Pms2 as well as for Smad4 predisposing to LS
and juvenile polyposis syndrome, respectively*>*°.  For
both conditions, additional germline truncating mutations in
the gatekeeper gene Apc are needed for intestinal tumour
development in mice.

SEMA4A variants found in this study were not restricted
to a certain hot spot region indicating a loss-of-function
mechanism®, This assumption is further supported by
functional in vitro assays performed in the SEMA4A-deficient
CRC cell line HCT-116. Whereas activation of mitogenic
pathways like MAPK/Erk and PI3K/Akt within these cells could
be diminished by transfection of a SEMA4AWT construct,
expression of the SEMA4AY7®M mutant failed to do so.
Accordin%l ., re-expression  of SEMA4AWT  but not
SEMA4AY7®M inhibited G2/M-phase transition in HCT-116,
again suggesting a loss-of-function of the V78M substitution. It
has to be mentioned that the results of our copy-number analysis
demonstrated a gain of chromosome 1q22; however,
homozygosity of the V78M variant observed in two of the
CRCs could nevertheless indicate that SEMA4A acts as a tumour
suppressor rather than a proto-oncogene in the context of familial
colorectal tumorigenesis. Middeldorp et al.*8 found that tumour
specimens from patients with FCCTX frequently exhibit gains of
different chromosomal regions including chromosome 1, which is
accompanied by copy-neutral LOH. Loss of the SEMA4A
wild-type allele accompanied by amplification of the mutant
one might be one mechanism of tumour suppressor inactivation
in this particular entity. Unfortunately, due to low-quality
DNA obtained from formalin-fixed, paraffin-embedded (FFPE)
tumour specimens as well as lack of appropriate heterozygous
microsatellite loci within or adjacent to the SEMA4A gene, we
were unable to prove the type of LOH in tumours of Family K.
Whether public data indicating that the SEMA4A gene is
predominantly amplified in diverse cancers can also be
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