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Abstract. The frequency of gastric cancer in patients with
renal cell carcinoma (RCC) is exceptionally high in our region
suggesting a common molecular basis. Our study aimed
to characterize tumors and to analyze possible underlying
molecular features in 12 patients with gastric cancer and
concomitant RCC. We performed an immunohistochemical
analysis including p53 protein expression, proliferative activity
(MIB-1), mismatch repair status (hMLH1, hMSH2, hMSH6,
PMS2) and E-cadherin expression in gastric cancers, which
were additionally analyzed for Epstein-Barr-Encoded-RNA
(EBER) by in situ hybridization. Microsatellite instability
was analyzed with a PCR multiplex system and capillary
electrophoresis. KRAS mutations in codons 12 and 13 were
tested by pyrosequencing. All patients had clear cell RCCs, 10
of which were well differentiated and diagnosed in an early
stage, while the gastric cancers of these patients were generally
poorly or undifferentiated and diagnosed in an advanced stage.
Gastric cancers showed reduced E-cadherin staining in 10 out
of 12 cases. Two gastric cancers demonstrated loss of hMLH1
and PMS2, which was confirmed by molecular analysis
showing a high degree of microsatellite instability. All RCCs
were microsatellite stable. KRAS mutation was detected in
one of the two instable gastric cancers, while none of the RCCs
had KRAS mutations. Another gastric cancer was positive
for EBV. In conclusion, a coherent cause for gastric cancer
and concomitant RCC, such as Lynch syndrome, a prominent
role of KRAS mutation or EBV infection, was not found in
our series. Other factors leading to a higher susceptibility for
cancer must be explored to explain why individuals with RCC
have a higher risk of developing gastric cancer in our region.

Correspondence to: Dr Cord Langner, Institute of Pathology,
Medical University of Graz, Auenbruggerplatz 25, 8036 Graz, Austria
E-mail: cord.langner@medunigraz.at

Key words: multiple primary neoplasms, hereditary neoplasms,
in situ hybridization, microsatellite instability, KRAS, Epstein-Barr
virus

Introduction

Patients with multiple malignancies constitute an attractive
research topic. The analysis of different tumors occurring in a
single patient may lead to the detection of hereditary causes
for cancer or cancer syndromes and may improve understanding
of general molecular pathologic principles of carcinogenesis.

Gastric cancer is the fourth most common cancer world-
wide (1). Familial clustering is observed in approximately
10% of cases, but only 1-3% of these are hereditary (2). Cases
with familial clustering are classified into familial diffuse
gastric cancer (FDGC), including hereditary diffuse gastric
cancer (HDGC), a cancer syndrome caused by a germline
mutation in the E-cadherin (CDH1) gene (2,3), as well as
familial intestinal gastric cancer (FIGC) or, if the histology is
unknown, familial gastric cancer (FGC) (4). Moreover, gastric
cancer may be observed as part of a hereditary tumor syndrome
with the main localization other than the stomach. Thus,
germline mutations of the BRCA1 and BRCA2 genes do not
only increase the risk for breast and ovarian cancer, but do
also increase the incidence of stomach, pancreas, prostate and
colorectal cancer (5). Li-Fraumeni syndrome is caused by
mutations of the tumor-suppressor gene TP53. Affected patients
suffer from a wide spectrum of tumors, including breast and
colorectal cancer, soft tissue or bone sarcoma, brain tumors,
and, though infrequently, also gastric cancer (6). Finally, gastric
cancer represents a well known extracolonic manifestation of
the Lynch (HNPCC) syndrome (7). Neoplasms occurring as
part of the Lynch syndrome are characterized by microsatellite
instability (MSI) caused by germline mutations in mismatch
repair genes (8).

None of the syndromes mentioned above have been
reported to increase the risk for renal cell carcinoma (RCC).
Nevertheless, the association of primary gastric and primary
renal cancer has been presented in several case reports (9-22).
Likewise, in the RCC database of our institute, we found 12
patients, who, in addition to RCC, also experienced gastric
cancer, either synchronously or metachronously. The observed
incidence was nearly twice as high as documented in the
National Cancer Registry regarding the gastric cancer incidence
in Austria (23).

Therefore, the present study aimed to evaluate patients
with gastric and concomitant renal cancer. This is the first
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Table I. Antibodies used for immunohistochemical staining.
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Antibody Source Clone Dilution/Epitope retrieval Detection system  Chromogen
p53 Dako DO-7 1:100/WB, Buffer pH 6.0 B AEC
MIB-1 Ventana K-2 Ready to use/Ventana iView Kit A DAB
E-cadherin ~ Zymed, San Francisco, CA, USA 4A2C7 Ready to use/MW, Buffer pH 9.0 C AEC
hMLH1 Biocare, Concorde, CA, USA G168-15 1:50/MW, Bufter pH 9.0 C DAB
hMSH2 Ventana G219-1129 1:50/Buffer CC1 standard D DAB
hMSHG6 Biocare BC-44 1:50/Buffer CC1 mild D DAB
PMS2 BD Biosciences, San Jose, Ca, USA Al16-4 1:50/MW, Buffer pH 6.0 C DAB

A, Ventana iView DAB; B, Dako REAL Detection System K5001; C, Dako EnVision+ (HRP rab/mouse) K5007; D, Ventana ultraView DAB 760-500. DAB,
diaminobenzidine Dako (K5001); AEC, aminoethylcarbazole Dako (S2367); Buffer pH 9.0, Target Retrieval Solution Dako (S2367); Buffer pH 6.0, Epitope
Retrieval Solution Dako (K5207). WB, water bath; MW, microwave; CC1, Ventana (950-124 SL).

study to systematically assess this association. First of all, we
characterized the clinical and pathological presentation of
these patients, analyzed epidemiologic and clinical data and
presented histopathological and immunohistochemical
features. In a second step, in order to analyze possible under-
lying genetic as well as infectious factors in the pathogenesis
of both cancer types, we performed a thorough molecular
analysis with respect to MSI, KRAS mutation and Epstein-
Barr-Encoded-RNA (EBER) status.

Materials and methods

Patient selection. A systematic search of the RCC database of
the Institute of Pathology, Medical University of Graz, Austria,
covering 2082 patients (1180 males, 902 females; ratio 1.3:1)
who underwent radical or partial nephrectomy between
January 1984 and September 2005 was performed to identify
those with synchronous and/or metachronous diagnosis of
cancer in gastric biopsies or resection specimens. The medical
records of these patients were reviewed in order to differentiate
between patients with primary gastric cancer and those with
secondary gastric involvement by RCC.

Patients with RCC metastatic to the stomach were presented
in a previous publication (24), in which we described the
clinical significance of this rare finding. During analysis,
another 12 patients with synchronous and/or metachronous
occurrence of both primary gastric and primary RCC were
identified who represent the scope of the current analysis.

Clinicopathological and follow-up data of the 12 patients
were analyzed in detail by chart review and interviewing
attending physicians if possible. Basic personal data, such as
patient age and gender were compared with data of patients
suffering from either gastric or renal cancer contained in the
computerized RCC and/or gastric cancer databases of our
institution, respectively. The gastric cancer database covers
3072 patients (1689 males, 1378 females; ratio 1.2:1) who
underwent total or partial gastrectomy between January 1984
and December 2008.

This study was carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. Institutional Review Board approval was obtained
from the Ethics Committee of the Medial University of Graz,
Austria.

Histopathology. All tumor probes were carefully reassessed,
paying special attention to tumor stage and grade as well as
histological subtype of both renal and gastric cancers. Tumors
were staged according to the 7th edition of the American Joint
Committee on Cancer - Union Internationale Contre le Cancer
(AJCC-UICC) Tumor-Node-Metastasis (TNM) Classification
(25). Tumor grades were assessed following the WHO guide-
lines on renal (26) and gastric (27) cancers, respectively.
Gastric cancers were additionally classified according to the
Laurén classification (28).

Immunohistochemistry. Tissues were routinely fixed in 4%
buffered formalin and embedded in paraffin. Sections (4-xm)
were stained using automated staining systems (Dako
TechMate™ 500; Dako, Glostrup, Denmark/Benchmark XT;
Ventana Medical Systems, Tucson, AZ, USA) and commer-
cially available antibodies (Table I). Epitope retrieval was
performed and standardized for each antibody, using either
microwave treatment, protease digestion or prediluted
commercially available epitope retrieval solutions. Binding of
the primary antibodies was visualized using the HRP/DAB+
Dako REAL™ detection system (catalog no. K5001, Dako) or
the ultraView™ Universal DAB detection kit (catalog no.
760-500, Ventana), respectively.

Immunoreactivity was independently assessed by two
investigators (M.J.P. and C.L.), and discrepancies were resolved
by simultaneous re-examination of the slides by both investi-
gators using a double-headed microscope. Regarding p53 and
MIB-1, positivity was identified as brown nuclear staining.
The number of positive cells (labeling index) was determined
by counting positive cells per 100 cancer cells, and immuno-
reactivity was semi-quantitatively assessed as follows: negative
(<10%), weak or 1+ (11-20%), moderate or 2+ (21-50%) and
high or 3+ (>50%). The amount of E-cadherin staining was
evaluated in relation to staining of non-neoplastic mucosa and
was assessed as reduced, when up to 50% of cancer cells lost
specific membranous labeling, markedly reduced, when >50%
lost specific membranous labeling, negative or positive.
Regarding the four MMR proteins ((MLH1, hMSH2, hMSH6,
PMS2), staining was recorded as either present (positive) or
absent (negative).

Slides of a colorectal cancer known to exhibit high p53 as
well as E-cadherin expression served as positive controls for
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Table II. Patient and tumor characteristics.
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Renal cell carcinoma (RCC)

Gastric cancer

Patient Age Histological Size Age Histology/Lauren Location/
no. Gender (years) pT/pN Grade subtype (cm) (years) pT/pN Grade classification size (cm) Outcome
1 M 64 1B/’ X 2 Clearcell 5.5 70 XX 3 Signet ring cell Cardia/X AWD (peritoneal metastases)
with mucinous 2 months after diagnosis of gastric
component/diffuse cancer (no tumor resection)
2 M 57 IA/X 2 Clearcell 2 63 3/1 4 Undifferentiated/ Antrum/ DOD 10 months after diagnosis of
diffuse 5.5 gastric cancer
3 F 78 1A/X 2 Clearcell 3 78 3/1 3 Signet ring Corpus/  Synchronous CRC (T3 NO) and renal
cell/diffuse 22 oncocytoma, DOD 3 years after
tumor diagnosis
4 M 68 1A/X 1 Clearcell 1.2 61 2/1 3 Signet ring cell Corpus/3 2 metachronous CRC, AWD (hepatic,
with mucinous pulmonal and bone metastases)
component/diffuse 10 years after diagnosis
of gastric cancer
5 F 66 1A/X 1 Clearcell 3 67 2/2 2 Tubular with mucinous Cardia/6 BC 4 years prior to RCC, AWD
component/intestinal (bone metastases) 8 years after
diagnosis of BC
6 M 75 3A/X 2 Clearcell 7 75 3/2 3 Tubular/intestinal Antrum/6 AWD (local recurrence of gastric
cancer) 8 months after tumor diagnosis
7 M 69 1A/X 2 Clearcell 3.5 68 3/0 4 Tubular with Gastric  NED 10 years after diagnosis of
undifferentiated stump/  gastric cancer
component/mixed 45
8 M 45 1A/X 2 Clearcell 4 55 XX 4 Undifferentiated/ Fundus/ Hepatic metastases at time of
diffuse X diagnosis of gastric cancer,
no follow-up
9 M 75 IA/X 2 Clearcell 3.2 75 3/2 3 Signet ring cell/ Corpus/6 DOC (myocardial infarction) 1 year
diffuse after tumor diagnosis
10 M 41 1A/X 1 Clearcell 4 41 3/3 3 Signet ring cell Corpus/9 DOD 2 years after tumor diagnosis
with mucinous of gastric cancer
component/diffuse
11 F 55 1A/X 1 Clearcell 35 62 3/3 3 Adenosquamous/ Antrum/  AWD (hepatic, peritoneal and bone
mixed 7.6 metastases) 4 years after diagnosis
of gastric cancer
12 F 78  3A/X 3 Clearcell 4.5 78 la’X 1 Papillary/intestinal Antrum/  AWD (pulmonal, bone, hepatic and
X pancreas metastases) 1 year after

tumor diagnosis

Age, age at diagnosis. NED, no evidence of disease; AWD, alive with disease; DOD, died of disease; DOC, died of other causes; CRC, colorectal cancer; BC, breast cancer.

p53, E-cadherin and MIB-1 immunostaining, respectively.
Intratumoral lymphocytes served as positive controls for
MMR proteins. Negative controls included omission of the
primary antibodies and incubation with Dako REAL antibody
diluent (no. S2022, Dako).

In situ hybridization. In situ hybridization was performed on
paraffin-embedded sections (4-xm) using the INFORM EBER
assay (Ventana) according to the manufacturer's instructions
(regarding positive and negative controls and RNA preser-
vation controls within samples) and an automated slide stainer
system (Benchmark XT, Ventana). Briefly, after deparaffin-

ization and rehydration, tissues were treated with proteinase K
and then hybridized with the fluorescein-labeled EBER
oligonucleotide probe (INFORM EBER Probe, Ventana). The
hybridized probe was visualized using an in situ hybridi-
zation detection system (ISH iVIEW Blue detection kit,
Ventana), which utilizes an anti-fluorescein primary antibody
binding to the EBER probe and a biotinylated secondary
antibody formulation binding to the primary mouse antibody.
Streptavidin-conjugated alkaline phosphatase was then used
as a chromogenic enzyme, which generates a blue nuclear
signal, which is evaluated by light microscopy. A naso-
pharyngeal carcinoma was used as a positive control.
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Molecular analysis. DNA from formalin-fixed paraffin-
embedded tissue was extracted using the Qiagen QIAmp
DNA Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer's recommendations, in an elution volume of
50 pl.

MSI was investigated using the Promega Microsatellite
Analysis System version 1.2 (Promega, Mannheim, Germany),
a PCR multiplex system using 5 mononucleotide markers
(BAT-25, BAT-26, NR-21, NR-24, MONO-27) to determine
MSI and 2 pentanucleotide repeat markers (Penta C and Penta
D) for internal control. Two separate analyses using 50 and
100 ng of DNA, respectively, were performed. PCR products
were separated by capillary electrophoresis using an ABI
Prism 3100 genetic analyzer (Applied Biosystems, Vienna,
Austria). According to the instructions, MSI at 2 mono-
nucleotide loci was reported as MSI-high, instability at one
locus as MSI-low and no instability at any of the loci tested as
microsatellite stable (MSS).

We tested for KRAS mutations in codons 12 and 13 by
pyrosequencing using the Pyromark Q24 KRAS kit v2.0
(Qiagen). Two analyses, using 20 and 40 ng of DNA,
respectively, were performed. The amplification was carried
out in a 25-ul reaction volume, containing 5 ul of DNA
solution, 0.5 ul of codon 12+13 biotinylated reverse primers,
0.5 pl forward primer, 2.5 ul Qiagen buffer, 0.2 ul of each
dNTP, and 0.16 pl Qiagen Taq polymerase. The amplification
profile was 15 min at 95°C; 45 cycles with 20 sec at 95°C,
30 sec at 53°C and 20 sec at 72°C; followed by 5 min at 72°C.
PCR products (8 pl) were analyzed by electrophoresis in a 3%
agarose gel to confirm successful amplification. To prepare
single-stranded DNA, the PCR products were immobilized
with streptavidin sepharose beads and purified with the
PyroMark Q24 Vacuum Workstation. Pyrosequencing primer
(25 ul) was annealed to the purified single-stranded PCR
product. After pyrosequencing using the nucleotide dispen-
sation order TACGACTCAGATCGTAG results were analyzed
with PyroMark Q24 software.

Results

Clinical data/outcome analysis. The incidence of gastric
cancer in RCC patients included in the RCC database of our
institution was 27/100,000, compared with the gastric cancer
incidence of 14/100,000 recorded in the Austrian cancer
registry for the same study period (23).

Of the 12 patients, 8 were male and 4 were female. Gastric
cancer was diagnosed at a mean age of 66 years (median 65,
range 41-78), compared with 68 years (median 69, range 11-97)
in the gastric cancer database. Accordingly, RCC was diagnosed
at a mean age of 64 years (median 67, 41-78), compared with
62 years (median 63, range 9-88) in the RCC database. In 5
patients, RCC was diagnosed prior to gastric cancer; in 5
patients, synchronous to gastric cancer, and in 2 patients RCC
was diagnosed after gastric cancer, respectively.

Detailed information regarding the patients, such as
outcome analysis and presence of tertiary malignancies, is
presented in Table II.

Histology. Details concerning the histology of all tumors
including T and N classification, tumor size and location, as
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well as Laurén's classification for gastric cancer are presented
in Table II. Briefly, all RCCs were of clear cell type. In general,
they were well differentiated and were predominantly
diagnosed at an early tumor stage. None of the RCCs had
lymph node metastases.

Gastric tumors were poorly differentiated in the vast
majority of cases and were generally diagnosed at a higher
tumor stage. Five tumors were diagnosed as signet ring cell
carcinomas (patients nos. 1, 3, 4, 9 and 10) of which three
showed extracellular mucin production (nos. 1, 4 and 10;
Fig. 1A). One patient (no. 5) had a moderately differentiated
tubular adenocarcinoma with a mucinous component, one
patient (no. 11) an adenosquamous (Fig. 1B) and another patient
(no. 12) a well-differentiated papillary carcinoma. Three tumors
were diagnosed as undifferentiated carcinomas (nos. 2, 7 and
8) of which one showed areas of a pre-existing moderately
differentiated tubular adenocarcinoma (no. 7). The undiffer-
entiated carcinoma of patient no. 2 showed large areas of
necrosis and was found to be densely infiltrated by mixed
inflammatory cells (Fig. 1C). The undifferentiated carcinoma
with pre-existing better differentiated areas of patient no. 7 was
characterized by a dense intratumoral and peritumoral lympho-
plasmacellular infiltrate including lymph follicle formation
(Fig. 1D).

The colorectal cancer of patient no. 3 was a poorly differ-
entiated adenosquamous carcinoma with a mucinous component
(<50% of the tumor area), while both colorectal cancers of
patient no. 4 were poorly differentiated adenocarcinomas with
a mucinous component (<50% of the tumor area).

Immunohistochemistry. Regarding gastric tumors, high (3+)
proliferative activity (MIB-1) was present in the majority of
cases (Fig. 2A). P53 protein overexpression was observed in 7
carcinomas and varying loss and/or reduction of membranous
E-cadherin immunolabeling in 10 carcinomas (Fig. 2B and
C). Two gastric cancers (patients nos. 2 and 11) showed loss of
nuclear expression of mismatch repair proteins hMLHI1 and
PMS2 (Fig. 2D and E). This finding was confirmed by
molecular analysis showing a high degree of MSI (Table III,
compare below). All RCCs as well as the three colorectal
cancers from patients nos. 3 and 4 retained mismatch repair
protein expression.

In situ hybridization. Presence of EBV was demonstrated in the
gastric cancer characterized by dense intratumoral lympho-
plasmacellular infiltrate in H&E-stained sections (patient no.
7), whereas all other tumors were negative (Fig. 2F).

Molecular analysis. Testing for MSI, we found additional peaks
for the microsatellite markers NR-21, BAT-26, BAT-25, NR-24
and MONO-27 in the gastric cancer of patient no. 2, compared
with the patient's normal and RCC tissue (Fig. 3). In patient
no. 11 we observed a characteristic peak broadening regarding
the markers NR-21, BAT-26, BAT-25 and MONO-27 in gastric
cancer tissue, compared with the patient's normal and RCC
tissue. Hence, we classified both patients MSI-high according
to the Bethesda guidelines, which is concordant with the
immunohistochemical findings in these patients. We did not
find MSI in any of the RCCs. The colorectal cancers of
patients no. 3 and 4 were also MSS.
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Figure 1. Morphologic diversity of gastric cancer associated with renal cell carcinoma. (A) Signet ring cell carcinoma with extracellular mucin production
(x100), (B) poorly differentiated adenosquamous carcinoma (x100) and (C) undifferentiated carcinoma with marked intratumoral inflammation with mixed
infiltrate (x100) or (C) predominantly lymphoplasmacellular infiltrate (x100).
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Figure 2. Immunohistochemistry and in situ hybridization of gastric cancer associated with renal cell carcinoma. (A) High proliferative activity of MIB-1
(x100) and (B) p53 overexpression of cancer cells (x100). (C) Loss of E-cadherin staining in poorly differentiated gastric cancer (x100). (D) Loss of hMLH1
(x100) and (E) PMS2 immunostaining in undifferentiated tumor tissue (x100). (F) EBER (x100).

Screening for KRAS mutations in codons 12 and 13 was  Additionally, we found KRAS mutations at the second base of
positive in one of the gastric cancers; we found a transversion  codon 12 in both of the colorectal cancers; patient no. 3 had a
form guanine to cytosine at the second base of codon 12  transversion to thymine (Glyl2Val) and patient no. 4 a transi-
resulting in Glyl2Ala in the gastric cancer of patient no. 2.  tion to adenine (Glyl2Asp). We did not detect KRAS mutations
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Table III. Immunohistochemical and molecular findings in gastric cancers.

Immunohistochemistry Molecular analysis ISH
Patient no. p53 MIB1 E-cad MLH1 MSH2 MSH6 PMS2 MSI KRAS EBER
1 +++ +++ Wi pos pos pos pos MSS wt neg
2 - +++ pos neg pos pos neg MSI-H mut neg
3 - + W pos pos pos pos MSS wt neg
4 - +++ I pos pos pos pos MSS wt neg
5 ++ + | pos pos pos pos MSS wt neg
6 - ++ ! pos pos pos pos MSS wt neg
7 +++ +++ | pos pos pos pos MSS wt pos
8 +++ +++ W pos pos pos pos MSS u neg
9 +++ + Wl pos pos pos pos MSS wt neg
10 +++ +++ Ll pos pos pos pos MSS wt neg
11 - + | neg pos pos neg MSI-H wt neg
12 +++ +++ pos pos pos pos pos MSS wt neg

ISH, in situ hybridisation; E-cad, E-cadherin; pos, positive; neg, negative (or {4} for E-cadherin); +, weak; ++, moderate; +++, extensive; MSS, microsatellite

stable; MSI-H, microsatellite instability-high; wt, wild-type; mut, mutated; u, unknown.
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Figure 3. MSI testing shows additional peaks for the microsatellite markers NR-21, BAT-26, BAT-25, NR-24 and MONO-27 in the gastric cancer of patient

no. 2, compared to the patient's normal and renal cancer tissue.

in any of the RCCs. The material of one gastric cancer could
not be analyzed due to poor DNA quality. One RCC could not
be subjected to molecular analysis due to insufficient material.

Discussion
Carcinogenesis is driven by progressive accumulation of

somatic mutations in a number of tumor-related genes.
Patients with multiple neoplasms are more likely to harbor a

germline mutation in one of those genes. It is estimated that
approximately 5% of all cancers arise within a hereditary
cancer syndrome, each of which present with a spectrum of
tumors (29).

A systematic study analyzing the association of gastric
and renal cancer is lacking. In the present study, we focused
on 12 patients with gastric and synchronous and/or metachro-
nous RCC based on the observation of a markedly high
incidence of gastric cancer in patients with RCC, suggesting
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the possibility of a hitherto unrecognized genetic association
or hereditary cancer syndrome.

The manifestation age regarding both gastric and renal
cancer, however, was not significantly different from that of
patients included in the gastric and renal cancer databases,
respectively. Moreover, the male predominance of our cohort
is in the line with epidemiologic data from our country, where
the risk for male patients to develop gastric or renal cancer is
almost twice as high as for females (23).

All RCCs were of clear cell type, which is known to
represent the most common form of renal cancer worldwide.
Nevertheless, it was noteworthy that 11 of the 12 tumors were
well differentiated (grade 1 or 2), while the majority of gastric
cancers were very poorly differentiated (grade 3) or even
undifferentiated (grade 4) at the time of diagnosis, apart from
patient no. 12, who had a well-differentiated gastric cancer
and a grade 3 RCC.

Some of the poorly differentiated gastric tumors harbored
marked intratumoral inflammation or presented with rather
uncommon histological subtypes, such as adenosquamous
carcinoma. According to literature data, intratumoral mixed
or predominantly lymphoplasmacellular infiltration has been
related to MSI or EBV infection (30-33), respectively. This led
to the hypothesis, that Lynch syndrome may have caused
gastric cancer associated with renal cancer in our cohort. In
addition, we searched for EBV in cancer tissues, particularly
since EBV is associated with hypermethylation of tumor-
suppressor genes known to be involved gastric cancer (34).

To note, gastric cancer is the second most common extra-
colonic malignancy in patients with Lynch syndrome. Because
of the relatively high incidence of gastric cancer in the general
population, the true association of gastric cancer and Lynch
syndrome is, however, controversial (35). Nevertheless,
approximately 15-20% of gastric cancers are MSI. In these
cases, hypermethylation of the hMLHI1 promotor region
appears to be the responsible mechanism (2,36).

We found the gastric cancer with marked mixed infiltrate
to be MSI (patient no. 2) and the gastric cancer with predom-
inantly lymphoplasmacellular infiltrate to be associated with
EBV infection (patient no. 7). The second gastric cancer with
MSI showed adenosquamous differentiation (patient no. 11)
which has been related to MSI-high status in 12% (2 out of 17)
of cases (37). However, the overall incidence of MSI-high
status (2 out of 12; 17%) in our cohort of gastric cancers is in
line with literature data ranging from 10 to 20% of tumors
(38-42). All RCCs analyzed in our study were MSS. Data on
the presence of MSI or mismatch repair gene defects in RCCs
are conflicting. Reported incidences range from O to 40%
(43-51). The fact that, in our series, both renal tumors from
patients with MSI-high gastric cancers were MSS argues
against germline mutations in DNA repair genes (Lynch
syndrome) and we conclude that neither Lynch syndrome nor
EBV infection represents a major cause with respect to
carcinogenesis in our patient cohort.

A crucial pathway involved in cell proliferation is the
RAS-RAF-MEK-ERK-MAP kinase pathway which is frequently
activated in cancer. In contrast to colorectal cancer, BRAF
mutations are exceedingly rare in gastric cancers and do not
characterize MSI tumors (52). The frequency of KRAS
mutations in gastric cancer ranges between 0 and 8.5%
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(36,37,53-57). In RCCs the incidence of KRAS mutations is
lower (58), while activating mutations in the KRAS gene are
found in 30-40% of colorectal carcinomas (59). Patient no. 2
had a gastric cancer harboring a KRAS mutation and was also
MSI. Additionally, we observed KRAS mutations in both of
the analyzed colorectal carcinomas, but in none of the RCCs.
Hence, the observed frequencies in our patients are in agree-
ment with the literature. In addition, data suggest that KRAS
mutations are more frequent in MSI-high gastric cancers than
in MSS. Thus, Brennetot et al (60) observed KRAS mutations
in 28% of MSI gastric cancer, while no mutations were noted
in MSS tumors.

Finally, there are some hereditary cancer syndromes that
may cause clear cell RCC, but none of these is related to a
higher frequency of gastric cancer. Most common is von
Hippel-Lindau disease, which leads to (often multifocal) clear
cell RCC and renal cysts and is additionally associated with
CNS and retinal haemangioblastomas, pheochromocytomas,
pancreatic cysts and neuroendocrine tumors as well as endo-
lymphatic sac tumors of the inner ear, epididymal and broad
ligament cystadenomas (61). The Birt-Hogg-Dubé syndrome
also includes clear cell RCC or oncocytoma, but most often
chromophobe or oncocytic hybrid tumors as renal manifesta-
tion, while fibrofolliculomas, trichodiscomas and acrochordons
may be noted as extra-renal manifestations. Moreover,
spontaneous pneumothoraces due to lung cysts are frequent in
these patients (61). Finally, clear cell RCC may also occur in
patients with constitutional chromosome 3 translocation, a
very rare syndrome leading to multiple bilateral clear cell
RCCs without additional systemic manifestations (62). All
these syndromes, however,do not fit with the clinicopathological
presentation of our patients.

In conclusion, we found that in our region, patients with
RCC have a markedly higher risk to develop gastric cancer
than the rest of the population. The 12 analyzed patients had a
comparable clinicopathological presentation, consisting of
well-differentiated clear cell RCCs and poorly differentiated,
aggressive gastric cancers. The presented cases could not be
assigned to a known hereditary cancer syndrome, such as
Lynch syndrome. In addition, KRAS mutations did not play a
major role in our cases nor did EBV infection. Other genetic
changes leading to a higher susceptibility for cancer may
explain why some people have a higher risk to develop
(multiple) malignancies. This will have to be explored in future
studies.
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