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Introduction

Lung cancer is one of the most aggressive human can-
cers expressing extreme hematogenous dissemination
potential. The bone is frequently involved in lung cancer
progression and there is no difference between the histo-
logical subtypes in this respect. The underlying molecu-
lar mechanisms of the development of bone metastasis is
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Bone metastasis is a frequent complication of lung
cancer progression, however, studies on bone
metastatic tissues are scanty. Here we have collect-
ed a small cohort of 11 non-small cell lung cancer
cases where primary tumors and corresponding
bone metastases were available for pathological
analysis. We have tested two molecular markers:
EGFR protein expression and K-RAS mutation at
codon 12 using immunohistochemistry and RFLP-
PCR, respectively. We have shown that using
improved protocols, EGFR protein (both the extra-
cellular as well as the cytoplasmic domain) is read-
ily detectable in decalcified bone tissue. We found
that the EGFR expression status is highly similar in
bone metastases compared to the primary tumors,
although the expression levels may change. Indi-
vidual comparison of corresponding primary and
metastatic NSCLC tissues indicated that downregu-

lation of EGFR was a rare event (2/11) compared to
upregulation (4/11) in bone metastases. On the
other hand, our data indicate that the K-RAS muta-
tional status of the primary tumor does not predict
the status of the bone metastatic tissue of NSCLC,
since we have observed both emergence of mutant
clones in metastases from wild-type (wt) primary
tumors and loss of mutant clones in metastases
from mutant primaries in addition to the main-
tained mutant status. Our data support that at least
two progression models occur in NSCLC, the same-
gene as well as the clonal selection one. It is note-
worthy that in NSCLC cases with wt- or mutant K-
RAS, downregulation of EGFR expression was a
rare event although upregulation in bone metas-
tases was observed more frequently in wt K-RAS
cases.(Pathology Oncology Research Vol 13, No 2,
99–104)
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better known in case of breast- or prostate cancer,1,2 but is
less obvious concerning lung cancer. Genomic profiling
of lung cancer revealed that squamous cell cancer
(SQCC) is characterized by overexpression of several
members of the arachidonic acid metabolizing system
(LTB4 dehydrogenase and COX-2) which produce bone
regulatory prostanoid metabolites.3 It is worth to mention
that PTHrP or bone matrix protein, characterizing other
bone metastatic cancer types, is not expressed by SQCC
lung cancer. Expression profiling of adenocarcinomas
(AC) of the lung revealed that beside the prostanoid syn-
thesizing enzymes this cancer type expresses BMP2 bone
matrix protein, probably contributing to the organ prefer-
ence potential.4 In small cell lung cancer, expression pro-
filing did not reveal genes that could be linked to bone
preference. 



Non-small cell lung cancers (NSCLC) are characterized
by EGFR overexpression partly due to gene amplification
and in a subset of ACs by tyrosine kinase (TK) domain
mutations.5,6 On the other hand, smoking induces K-RAS
mutation  in 20-30% of NSCLC, more frequently in AC
than in SQCC.7 It has been observed that the K-RAS and
EGFR-TK mutations are mutually exclusive.6,8 EGFR over-
expression in NSCLC has no prognostic importance where-
as EGFR amplification and especially TK mutations predict
favorable response to EGFR-targeted therapies.9 On the
other hand, K-RAS mutation was reported to be a negative
prognostic and predictive factor for NSCLC, although other
studies challenged this view.7 It is important to note that
almost all of the aforementioned studies on EGFR and K-
RAS were performed on primary tumors while much less
information is available concerning the metastatic tissue.
Therefore we selected a small cohort of bone metastatic
NSCLC and compared their EGFR protein expression and
K-RAS mutational status to those of the primary tumor. Our
data suggest that while the EGFR expression of NSCLC is
rather stable during progression to bone, the K-RAS muta-
tional status is more instable, most probably sensitively
reflecting clonal changes in the tumor cell population.

Materials and Methods

Patients

We have selected 11 NSCLC cases for this retrospective
histopathological analysis from the archive of the Depart-
ment of Orthopedics with the approval of the local ethical
committee. NSCLC patients presented with bone metas-
tases which were at least partially removed by surgery
(patients’ data are shown in Table 1). Paraffin-embedded
tumor samples of both the bone metastases as well as pri-
maries were available for analysis. 

EGFR immunohistochemistry

Tissue samples were routinely fixed in 10% (v/v) neutral
buffered formalin, dehydrated in a graded series of alcohol
and xylene and embedded in paraffin at a temperature not
exceeding 60oC. Three to four micron sections were
mounted on Superfrost slides (Shandon) and manually
deparaffinized. We have used proteinase K antigen
retrieval suggested by the manual of EGFR pharmDxTM kit
(DAKO, Glostrup, Denmark). Alternatively, slides were
immersed in 0.05 mM citrate buffer (pH=6), and exposed
to 750 W microwave for 3x5 min (MFX-800-3 automatic
microwave, Meditest, Budapest, Hungary).10 Endogenous
peroxidase activity was blocked by 3% H2O2 for 5 min at
room temperature.

The extracellular domain of EGFR was detected by the
EGFR pharmDxTM kit using mouse monoclonal anti-
human EGFR (EGFR-EC, clone 2-18C9), dextran polymer
conjugated with HRP and goat anti-mouse IgG and DAB
substrate-chromogen, applied rigorously following the
manufacturer’s instructions. As positive controls, slides
provided by the manufacturer (formalin-fixed and paraf-
fin-embedded pellet of HT29 human colorectal carcinoma
cell line) as well as human head and neck carcinoma tissue
sample previously diagnosed 3+ in all tumor cells for
membrane EGFR by using EGFR pharmDxTM and CON-
FIRM anti-EGFR (Ventana) were used. 

To detect the cytoplasmic domain of EGFR (EGFR-CY),
we used rabbit polyclonal antibody PU355-UP (Biogenex)
without dilution. In case of negative control, slides were
exposed to the diluent instead of the primary antibody, but
were processed in the same way as other slides. 

Reactions were developed by an LSAB Kit (DAKO).
Immunoreaction was visualized by using diaminobenzidine
(DAB) as chromogen. Nuclei were stained by hematoxylin.
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Table 1. NSCLC patients’ characteristics

Case 
Sex

Age Histology Adjuvant Primary survival Bone Metastasis Overall survival 
no. (years) of primary therapy (months) metastasis therapy (months)

1 F 53 AC NA NA Fe,l TEP 28
2 M 76 AC S 18 Fe,l TEP 36
3 M 67 SQCC S+CY 35 T,r PR 42
4 M 57 SQCC S+CPD, DOXO 31 Fe,r PR 47
5 F 47 AC S+CPD 51 Fe,l TEP 75
6 M 49 AC S+DOXO 41 Fe,r PR 59
7 M 72 AC S+DOXO 46 Fe,r TEP 55
8 M 66 AC S+chemo 19 U,r PR 21
9 M 56 AC S 25 Fe,r PR 38

10 M 53 AC S+DOXO 49 Fe,l TEP 42
11 F 60 AC S+CPD 11 Fe,l TEP 24

F: female, M: male, AC:  adenocarcinoma, SQCC: squamous cell carcinoma, S: surgery, CY: cyclophosphamide, CPD: cisplatin,
DOXO: doxorubicin, Chemo: undefined chemotherapy, Fe: femoral, T: tibial, U: ulnar metastasis, r: right, l: left, PR: partial
resection, TEP: total epiphyseal prosthesis



Morphometry

Reactions were evaluated by 2 experts (GB, JT), and the
percentage of positive cells as well as the intensity of the
reaction (0, 1+, 2+, 3+) were determined in at least 3 areas
of the tumor. Mean levels were determined for each tumor
and a final IHC score was produced by multiplying the
percentage data with intensity values. Statistical analysis
was performed using MS Excel program applying t test.
Up- or downregulation of expression was defined as
>30% alteration in EGFR score confirmed by both anti-
bodies.

PCR-RFLP analysis for K-RAS gene point mutations 
in codon 12

DNA was extracted from formalin-fixed and paraffin-
embedded tissue using the MasterPure™ DNA Purification
Kit according to the instructions of the manufacturer. Two
primer pairs (nested PCR) were used. DNA amplifications
were performed with DyNAzymeTM and Mastercycler gra-

dient thermal cycler supplied by Eppendorf. The reaction
mixture of reagents for samples was prepared, containing
2.5 µl 10x PCR puffer+Mg2+ (DyNazymeTM), 200 µM/each
dNTP, 1.00 pM/reaction of each primer, 0.8 U of
DyNAzymeTM polymerase per reaction in the first step and
0.25 U DyNAzymeTM polymerase per reaction in the nested
step. The inner sense primer was a mismatch primer, and the
product of PCR contained the recognition site of BstNI
restriction endonuclease in the wild type of K-RAS gene.
Outer primer pair: 5’-GCCTGCTGAAAATGACTGAAT-3’
and 5’- GGTCCTGCACCAGTAATATG-3’, inner primer
pair: 5’-GAATATAAACTTGTGGTAGTTGGACCT-
3’and 5’-GGTCCTGCACCAGTAATATG -3’. Both pairs
had 35 cycles of denaturation at 95oC for 1 min, primer
annealing at 55oC for 1 min, chain elongation at 72oC for
2 min. The amplified products were digested with BstNI
(New England BioLabs). Enzymatic digestions were per-
formed at 60oC for 3 h in a total volume of 30 µL. Digest-
ed PCR product were separated on 4% agarose gel in TAE
buffer and visualized under UV light following ethidium
bromide staining.
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Figure 1. Detection of EGFR protein in NSCLC samples by immunohistochemistry (Case no. 5). (a,c) Immunoreaction of EGFR-
EC domain using EGFR pharmDxTM kit. (b,d) Immunoreaction of EGFR-CY domain using polyclonal anti-C-terminal antibody.
a,b: primary tumor, c,d: bone metastasis



Results

The majority of the NSCLC patients were male (8/11)
and adenocarcinomas (9) dominated over squamous cell
cancer (2) (Table 1). Except for one case, bone metastases
developed following surgery of the primary tumor.

Immunohistochemistry of  EGFR expression in primary
and bone metastatic NSCLC indicated that similarly to the
primary tumors, in bone metastatic (decalcified) cancer tis-
sues EGFR protein could be detected by the EGFR phar-
mDxTM kit but microwave antigen retrieval and extended
incubation with the primary antibody improved the reac-
tions considerably without increasing the nonspecific
background (Fig. 1a,c).10 Furthermore, the C-terminal
domain of the EGFR was also reliably detectable at both
locations (Fig. 1b,d). 

Morphometric analysis of EGFR expression in the pri-
mary tumors compared to the bone metastases demonstrat-
ed no significant difference in the expression level as
detected by either anti-EGFR antibodies (Fig. 2). On the
other hand, case by case comparison of the EGFR expres-
sion levels in primary and metastatic NSCLC indicated
that 45.5% of cases maintained EGFR expression levels,
36.4% demonstrated an increase in bone metastasis, while
in 18.2% of cases a significant downregulation was detect-
ed (Table 2).

All the NSCLC tumor samples contained predominantly
(>50% of the sample) tumor tissue in the analyzed paraffin
blocks. RFLP-PCR analysis of the paraffin-embedded
tumor tissues for K-RAS codon-12 mutation demonstrated
that 5 out of 11 NSCLC cases (45.5%) were mutant (Table
3). However, primary and metastatic tumors showed a
great variability in respect of K-RAS mutation status
which was rarely maintained (1/5 cases), but was different
in most cases (4/5). It is of importance that the frequency
of loss of K-RAS mutation or acquisition of this genotype
in bone metastases occurred with equal frequency (2 cases
each, Table 3).

When the EGFR protein expression changes were com-
pared to the alterations in K-RAS mutation status of the
metastatic lesion, it was found that in case of tumors carry-
ing wild-type (wt) K-RAS, EGFR expression was upregu-
lated in metastases in 3 out of 6 cases (50%), while only one
out of 6 was downregulated (16.7%, Table 4). On the other
hand, in 3 out of 5 mutant K-RAS cases the EGFR status
was maintained in the metastases (60%), while up- or down-
regulation was a rare event (one case each, Table 4).

Discussion

Lung cancer was long thought to be relatively resistant
to chemotherapy, therefore, it was treated mainly by
surgery and radiotherapy. However, this trend changed in
the past decade with the development of clinically effec-

tive chemotherapeutic protocols.5,11 While the pharma-
cogenomics of  chemosensitivity of lung cancer is still
unable to provide highly efficient predictive markers, iden-
tification of certain genes might change this trend.12 On the
other hand, in recent years EGFR emerged as a useful tar-
get in lung cancer5,6 and EGFR-targeting agents (mostly
small molecular TK inhibitors) presented unprecedented
success treating NSCLC where the role of predictive
pathology is yet ill-defined.13
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Figure 2. Comparison of EGFR protein expression of NSCLC in
primary and bone metastatic cases (n=11). Data are EGFR
intensity scores, expressed as mean±SE and derived from Table
2. EGFR-EC = extracellular domain, EGFR-CY = cytoplasmic
domain
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Table 2. EGFR protein expression in primary tumors
and bone metastases of NSCLC

Case EGFR-EC EGFR-CY EGFR status 
no. primary metastasis primary metastasis in metastasis

1 10.0 17.0 19.25 23.88 maintained 
2 19.76 17.0 23.88 18.0 maintained 
3 17.0 10.0 24.88 6.25 downregulated
4 6.88 14.0 12.5 18.0 upregulated
5 13.0 4.32 16.88 9.0 downregulated
6 7.25 12.75 8.8 13.75 upregulated
7 5.88 13.0 12.0 18.8 upregulated
8 7.0 5.0 8.0 17.5 maintained 
9 8.0 11.25 24.88 14.88 maintained 

10 6.0 9.25 14.0 18.5 upregulated
11 4.88 8.63 11.5 7.25 maintained 

EGFR  maintained 5/11 (45.5%)

EGFR upregulated 4/11 (36.4%)

EGFR downregulated 2/11 (18.2%)

Data are expressed as mean of IHC score. Maintained = no
change in IHC score in metastasis, or equivocal results with
the two antibodies; downregulated = decrease of IHC score
by >30%; upregulated = increase in IHC score by >30%



There are three major models of tumor progression/
metastatization: clonal evolution/selection,14 parallel
development15 and the same-gene models,16 providing
sharply different explanations for tumor progression.  The
two extremes are the parallel development and the same-
gene models, where the former predicts very early genera-
tion of disseminated cancer cells to distant organs with
highly diverse genetic profiles of the primary and metasta-
sis whereas the latter suggests metastasis as a relatively
late event of tumor progression, therefore genetic diversi-
ty of the metastases is suggested to be minimal.15,16 The
clinical validity of these models can only be determined by
direct comparison of metastatic and primary tumor tissues
of various cancer types. Concerning the progression of
lung cancer it seems that clinicopathological data support

all the three metastasis models when using LOH,17 CGH18

and SNP techniques19 on metastatic and primary lung
tumor tissues, although the cohort sizes were small (<10
cases).

Bone is among the most frequent sites for metastasis of
lung cancer, but pathologic studies on bone metastatic dis-
ease or on the metastatic tissues are surprisingly rare in the
literature. Therefore, we have collected a small cohort of
bone metastatic NSCLC cases where both the primary and
the metastatic tissues were available for analysis. Since
EGFR-targeted therapy of NSCLC is applied at advanced
organ metastatic stage of the disease, we have studied the
EGFR expression profile of the primary tumor and the cor-
responding bone metastasis. IHC determination of EGFR
protein expression is frequently criticized in the literature
due to its highly inconsistent results. We have used two
commercially available anti-EGFR antibodies for immun-
odetection of EGFR in bone metastases of NSCLC, recog-
nizing both the extracellular and cytoplasmic domains.
Since this tissue has to be decalcified before processing,
the sensitivity of the EGFR protein detection was ques-
tionable. We have fine-tuned the EGFR pharmDxTM proto-
col to improve the sensitivity of the detection of the extra-
cellular domain of the protein in the decalcified bone
metastatic tissue.10 Both in primary and bone metastatic
tissues the two antibodies provided comparable results on
EGFR protein expressions in the individual cases. More
interestingly, we found that the expression level of EGFR
protein was highly similar in the bone metastasis group
compared to that in primary NSCLC. Individual compari-
son of corresponding primary and metastatic tissues indi-
cated that downregulation of EGFR was a rare event (2/11
cases) while upregulation was observed more frequently
(4/11 cases), however, the expression level was maintained
in about half of the analyzed cases. It is important to
emphasize that positive to negative or negative to positive
EGFR conversions did not occur in our small cohort of
NSCLC. This observation suggests that EGFR expression
status is relatively well-preserved during metastatic pro-
gression of NSCLC to the bone, therefore, concerning pos-
itivity, the profile determined in the primary tumor is pre-
dictive for the (bone) metastatic tissue. Recent studies on
brain metastases of lung cancer also found that the muta-
tional status of EGFR and p53 of the primary tumor was
preserved.19,20

K-RAS is the hallmark of a relatively early genetic aber-
ration during smoking-induced lung carcinogenesis.7 On
the other hand, constitutively active (mutated at codon 12)
K-RAS in NSCLC may define a more aggressive and/or
drug-resistant genotype.7 It is also established that EGFR
mutations do not occur together with K-RAS mutations.6,8

However, there are no data on the possible changes in this
status during the progression of lung cancer or in bone
metastases. Here we have shown data that the K-RAS
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Table 3. K-RAS mutational status of NSCLC

K-RAS status
Case no.

primary metastasis NSCLC case

1 wt M mutant
2 wt wt wt
3 wt wt wt
4 wt wt wt
5 wt M mutant
6 M M mutant
7 wt wt wt
8 wt wt wt
9 M wt mutant

10 wt wt wt
11 M wt mutant
K-RAS 3/11 (27.3%) 3/11 (27.3%) 5/11 (45.5%)

mutation 

wt= wild-type, M= mutated at codon 12 

Table 4. Comparison of EGFR protein expression and
K-RAS mutation changes in bone metastases of lung
cancers

Case no. KRAS change EGFR change

2 wt maintained maintained
3 wt maintained downregulated
4 wt maintained upregulated
7 wt maintained upregulated
8 wt maintained maintained

10 wt maintained upregulated

1 Mutated in metastasis maintained
5 Mutated in metastasis downregulated
6 Mutated in primary and met. upregulated
9 Mutated in primary maintained

11 Mutated in primary maintained

Maintained, up- or downregulated: see Table 2 for definition



codon 12 mutational status of the primary tumor does not
predict the status of the bone metastatic tissue of NSCLC,
since we have observed both emergence of mutant clones
in metastases from primary tumor carrying wild-type (wt)
K-RAS and loss of mutant clones in metastases, in addi-
tion to the maintained mutant status. These data are not
influenced by the amount of tumor tissue in the analyzed
materials, since normal tissues were minor components of
these samples (<50%). Our data support those views that at
least two progression models occur in NSCLC, the same-
gene as well as the clonal selection one.14,16 On the other
hand, it is noteworthy that in both wt or mutant K-RAS
cases of NSCLC, downregulation of EGFR expression was
a rare event, although upregulation in bone metastases was
observed more frequently in wt K-RAS cases. These data
are based on a small NSCLC cohort and must be con-
firmed on a larger series of cases.   
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