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ABSTRACT: Clinical studies suggest prognostic relevance of p16INK4A in nonsmall cell
lung cancer (NSCLC) while conflicting results for p53 have been published. However,
the importance of the apoptosis regulating gene BAX, a downstream regulator of p53,
on the prognosis of NSCLC is unknown. The present study investigated the prognostic
relevance of BAX with respect to the status of p53 and p16INK4A in 61 patients with
advanced NSCLC.
Protein expression of BAX, p53 and p16INK4A was investigated retrospectively by

immunohistochemistry. Tumour deoxyribonucleic acid (DNA) was screened for p53
mutations by single strand-conformation polymorphism polymerase chain reaction
(PCR) and BAX frameshift mutations by fragment length analysis.
Patients with positive BAX protein expression had a significantly longer median

survival (14 months) than those patients without BAX expression (6 months, p=0.0004).
In contrast, p53 status did not influence prognosis. Patients with p16INK4A negative
tumours had a significantly shorter survival (4 months) than those with p16INK4A protein
expression (15 months, p=0.0001). Furthermore, the loss of p16INK4A protein
expression correlated strongly with the pressure of distant and advanced lymph-node
metastases. The best survival was seen in a subgroup of 20 patients with positive
p16INK4A expression and intact BAX (p=0.0002).
The results of the present study suggest that the loss of BAX and p16INK4A

expression are independent markers for poor prognosis in nonsmall cell lung cancer.
The study suggests that multimarker analysis of genes involved in apoptosis may be
useful for determining individual therapy and for identifying targets for gene-
replacement therapy. This should be assessed in a prospective study with a larger
cohort of patients.
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Lung cancer is the most prevalent and lethal cancer
in the Western world with increasing incidence
attributable mainly to cigarette smoking [1, 2]. Despite
the development of new chemotherapeutic drugs
and multimodal treatment strategies, the survival
rate of nonsmall cell lung cancer (NSCLC) remains
unchanged and poor. Identification of new prognostic
markers for the characterization of lung-cancer
biology may be helpful, as they could serve as a
basis for predicting response to radiation and
chemotherapy at a molecular level [3].

Genes regulating apoptosis and cell-cycle progres-
sion are candidates for prognostic markers, e.g.
p16 and p53, which have already been targets
for investigation. p16 is a gene regulating cell-cycle
progression. A tumour suppressive property was first
described for p16INK4A by OKAMOTO et al. [4], and its
prognostic relevance has been shown for various
cancers. Inactivation of p16INK4A correlated with bad
prognosis in pancreatic adenocarcinoma [5], malig-
nant melanoma [6], and resected NSCLC [7].
Experimental data have also shown cooperation of

p16INK4A and p53 in induction of apoptosis [8, 9].
Studies investigating the prognostic relevance of p53
have shown conflicting results [10]. NSCLC with p53
mutations show resistance to the effects of radiation
and cisplatin [11] due to the lack of the proapoptotic
function of intact p53.

BAX is a proapoptotic gene, which is regulated by
p53, and is therefore a likely candidate for a marker of
prognosis. The gene product is a downstream effector
of the tumour suppressor gene p53 and is upregulated
by transcriptional activation. Furthermore, there is
strong evidence for a prognostic relevance of BAX in
malignancy. STURM et al. [12] found that low BAX
expression was a negative prognostic factor in patients
with resected liver metastases from colorectal cancer.
Also, there is evidence that genetic damage to BAX or
p16INK4A genes causes resistance towards apoptosis as
in tumorigenesis, but also resistance to anti-tumour
therapy. In patients with breast cancer, a reduced
expression of BAX was correlated with a poor
response to chemotherapy and shorter overall survival
[13]. Restoration of BAX expression in breast cancer
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cell lines increased sensitivity to cytotoxic drug
therapy [14] and also suppressed tumourigenesis [15].

The prognostic relevance of p16INK4A status and of
BAX status with respect to p53 in advanced NSCLC
was investigated. Based on the data about the prog-
nostic relevance in other cancers and the coopera-
tion of p16INK4A and p53 in inducing apoptosis, a
possible prognostic relevance of BAX and p16INK4A

protein expression in advanced tumour stage of
NSCLC was hypothesized.

Patients and methods

Patients

Representative tumour samples (two) were obtained
from 61 consecutive patients with NSCLC at autopsy
from primary tumours (47 male, 14 female, median
age 65 yrs ranging between 46–83 yrs) and analysed
retrospectively. All patients were treated between
1992–1996 at the University of Leipzig Medical
centre and associated academic hospitals. The histo-
logical tumour classification was performed by two
pathologists according to World Health Organization
guidelines [16]. The tumour stage was determined at
the time of diagnosis according to the revised tumour,
node, metastasis (TNM) staging system of lung cancer
[17]. Survival times and clinical data were assessed
retrospectively with the help of the patients9 physi-
cians (table 1).

Immunohistochemical analysis for BAX, p53,
and p16INK4A

Protein expression of p53, p16INK4A, and BAX
was analysed by immunohistochemistry using 2 mm
formalin-fixed paraffin-embedded tissue slices. The
slices were boiled after deparaffination for 10 min in
citrate buffer (0.01 mol?L-1, pH 6.0) for antigen demask-
ing. After blocking with fish serum (SEA BLOCKTM,
Pierce, Rockford, IL, USA), slices were incubated for
60 min with the primary antibodies anti-p53 antibody
(DO-1, PharMingen, Hamburg, Germany; dilution
1:50), anti-BAX monoclonal antibody (YTH-2D2,
Trevigen, Gaithersburg, MD, USA; dilution 1:500),
and anti-p16INK4A antibody (G175-405, PharMingen,
Hamburg, Germany; dilution 1:50). The bound
primary antibodies were visualized by biotin-
conjugated secondary antibodies and peroxidase-
conjugated streptavidin (Jackson Immuno Research
Laboratories, West Grove, PA, USA), using metal-
enhanced i.e. 3,39-diamino (no gap between comma
and 3) 39-diaminobenzidine (DAB) as a substrate
(Pierce, Rockford, IL, USA). Slices were counter-
stained with haematoxylin.

Slices were analysed in a blinded fashion by two
observers who were unaware of clinical and histologi-
cal data. Four high power fields (4006) were evaluated
for localization and percentage of positive cells
(0–100% in 5% steps). Samples were considered as
positive, ifw10% of tumour cells showed moderate or
intense nuclear staining.

Mutation analysis for p53

Deoxyribonucleic acid (DNA) was extracted from 30-
mm slices of paraffin embedded tissue. Genomic DNA
was isolated after deparaffination and rehydration
using the InViSorbTM Genomic DNA Kit II (InViTek,
Berlin, Germany).

For detection of mutations in the DNA binding
region of p53 single-strand conformation polymorph-
ism polymerase chain reaction (PCR) analysis was
performed. Template DNA was subjected to PCR
using oligonucleotide primer pairs for amplification of
exons 5–8. The amplified fragments were analysed on
a 10% nondenaturing polyacrylamide gel with silver
staining using a DNA silver staining kit (Amersham
Pharmacia Biotech, Freiburg, Germany) according to
the manufacturers specifications.

Detection of BAX frameshift mutations

A 94 bp fragment of the BAX exon 3 encompassing
the G(8) tract was amplified by PCR using primer
sequences and cycling conditions as described pre-
viously [12, 18], with the reverse primer labelled
with the fluorescence dye HEX (Applied Biosystems,
Foster City, CA, USA). PCR fragment length was
analysed using an ABI 310 Sequencer (Perkin Elmer,
Weiterstadt, Germany). The human colon carcinoma
cell line LoVo carrying mutations in both BAX alleles
(one insertion (G(9)) and one deletion (G(7)) was used

Table 1. –Tumour parameters

Tumour parameters n (%)

Subjects n 61
T-stage of primary tumour

T1 9 (15)
T2 23 (38)
T3 13 (21)
T4 16 (26)

Lymph node metastases
N0 19 (31)
N1 13 (21)
N2 14 (23)
N3 15 (25)

Distant metastasis
M0 28 (46)
M1 33 (54)

Tumour stage groups
IA 5 (8)
IB 8 (13)
IIA 1 (2)
IIB 6 (10)
IIIA 5 (8)
IIIB 3 (5)
IV 33 (54)

Histological classification
Adenocarcinoma 18 (29)
Bronchioloalveolar carcinoma 3 (5)
Squamous cell carcinoma 33 (54)
Large cell carcinoma 7 (12)
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as a positive control, while the human colon
carcinoma line SW620 served as wild type control.
In dilution experiments, the sensitivity (cut-off: 10%
mutated cells) and in blinded experiments the speci-
ficity (100%) of the fragment length analysis were
confirmed.

Statistical analysis

Overall survival was estimated by the Kaplan-Meier
product-limit method. Statistical comparison was by
means of the Logrank Mantel-Cox Test. Most biolo-
gical and pathological variables were used as dichoto-
mized (categorical) variables. Patients were stratified
as positive (p53pos, BAXpos, and p16INK4A

pos) versus
negative (p53neg, BAXneg, and p16INK4A

neg). p53
genetic status was subdivided into p53 wild type (wt)
versus p53 mutated (mut). The cut-off value for
immunohistochemical data of BAX, p53, and
p16INK4A was set at 10% positive stained cells, i.e.
¢10% stained cells in a tumour was considered
positive, v10% stained cells was considered negative
[12].

For correlation of BAX, p53, and p16INK4A with
tumour classification as well as clinical parameters,
Pearson9s Chi-squared test was applied.

For survival analysis, the equal distribution of
patients with different therapies in the positive and
negative subgroups for BAX, p53 and p16INK4A was
considered using Fisher9s Exact test.

Results

Follow-up

At the time of diagnosis most of the 61 patients had
stage IV tumours (33 of 61), while only 28 (46%) were
stages I to III. Sixteen cases received best supportive
care only due to their advanced stage, 23 were treated
by surgical resection, 18 by chemotherapy and 17 by
radiation therapy. Five patients underwent surgery
and adjuvant chemotherapy, four underwent surgery
followed by radiotherapy and four received chemo-
therapy and radiotherapy. These patients were equally
distributed in the positive and negative subgroups
for BAX (Fisher9s Exact test pw0.15), p53 (Fisher9s
Exact test pw0.99), and p16INK4A (Fisher9s Exact test
pw0.99) as well as in p53 mutation status subgroups
(Fisher9s Exact test pw0.39).

Median overall survival was 9 months. The overall
1-, and 2-yr survival rates (including the 30-day
perioperative mortality of patients treated by surgery)
were 38%, and 10%, respectively.

Immunohistochemical analysis of p53 expression

Overexpression of p53 protein was found in 31 cases
with a mean number of 63¡4% (mean¡SEM) of p53
expressing cells. Twenty-three tumours showed 0%,
one sample 5%, and six samples 10% of cells positively
stained for p53.

To analyse the clinical relevance of p53, the protein
expression status was correlated with tumour and
clinical parameters. Neither tumour parameters (size,
lymph node metastasis status, distant metastasis
status, tumour stage, grading, and histological classi-
fication) nor clinical parameters (age, gender, and
therapy status) showed a significant correlation with
p53 expression.

Immunohistochemical analysis of BAX expression

In 31 patients BAX expressing cells were not found.
In the remaining 30 cases, BAX expression was
observed in 65¡4% of all cells evaluated. There was
a significant correlation of distant metastasis and
grading type with BAX expression. Tumours with
distant metastasis were BAX negative in 64% while
tumours without distant metastasis were BAX
negative in only 36% (pv0.03).

Loss of BAX expression was found in grading type
G2 in 37%, and in grading type G3 in 66% (pv0.03)
indicating that the absence of BAX expression could
be associated with less histological differentiation of
tumour tissue. Grading type G1 and G4 were not
represented in the tumour samples.

Immunohistochemical analysis of p16INK4A expression

p16INK4A expressing cells were found in 35 cases
with mean expression of 54¡4% in the cells that were
evaluated, 25 samples had no expression and one had
5% of positively stained cells.

Neither histological classification nor clinical para-
meters showed a significant correlation with p16INK4A

expression. Nor was there a correlation between
tumour size or stage and p16INK4A expression.

In contrast to BAX and p53 analysis, loss of
p16INK4A expression was more frequent in patients
with lymph-node metastases. In N2 stage 79% and
in N3 stage 53% of the samples were negative for
p16INK4A protein, while in N0 and N1 stages absence
of p16INK4A expression was found in 16% and 31%
of the cases, respectively (pv0.002). Furthermore,
a loss of p16INK4A expression was observed in 58% of
tumours from patients with distant metastasis, but in
only 25% of patients without distant metastasis
(pv0.01).

Loss of p16INK4A expression was found in grade 2
(G2) in 28%, and in grade 3 (G3) in 59% of the cases
(pv0.016) which was similar to findings shown for
BAX expression.

Analysis of p53 and BAX mutations

In 32 primary tumours (53%) mutations in the
p53 gene were found. Altogether 37 mutations were
detected: seven in exon 5, five in exon 6, 17 in exon 7,
and eight in exon 8. Five primary tumours showed
mutations in two exons. Tumours with mutated p53
did not have significantly increased protein expres-
sion. For 53% of cases with p53 mutations versus 50%
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of cases without p53 mutation a positive stain for p53
was detected.

BAX was expressed in 37¡7% of tumours with p53
mutations versus 26%¡6 in tumours with p53 wild
type (Fisher9s Exact test pw0.99), suggesting that p53
is not the only determinant of BAX protein expression
in these samples.

None of the 61 tumours showed a frameshift
mutation in the BAX gene.

Correlation of p53, BAX, p16INK4A with survival

To determine the prognostic impact of p53 protein
expression and mutation status (exons 5–8), as well as

expression of BAX and p16INK4A, univariate survival
was analysed.

There was no prognostic impact of p53 protein
expression (p53pos: median survival 7 months; p53neg:
median survival 9 months; p=0.79) or p53 mutational
status (p53wt: median survival 10 months; p53mut:
median survival 6 months; p=0.64).

Patients with BAX expression in tumours showed
increased survival times (median survival 14 months)
when compared with patients without expression
(median survival 6 months; p=0.0004; fig. 1). Further-
more, dilutional effects due to heterogeneous groups
of patients were excluded by comparing survival times
and BAX expression for subgroups, such as stages
I–III, stage IV, and therapeutic intervention (table 2).

Based on the data of a previous study on metastatic
colorectal cancer [12], where inclusion of the p53
mutational status in the survival analysis corrobo-
rated the power of BAX as a prognostic marker, a
further survival analysis was carried out for the p53wt /
p53mut and p53pos /p53neg subgroups and BAX expres-
sion, also listed in table 2. The best outcomes were
seen in the p53wt /BAXpos group (median survival
18 months), and in the p53pos/BAXpos group (median
survival 16 months).

Survival time analysis for p16INK4A protein expres-
sion including subgroups is also shown in table 2.
Here patients with p16INK4A expression in their
tumours showed the best outcome compared with
those without p16INK4A expression (p=0.0001; fig. 2).
Further, survival was analysed with respect to the
combination of p16INK4A status with p53wt/p53mut,
p53pos/p53neg and BAXpos/BAXneg, listed in table 2.
The worst outcome was observed for the p16INK4A

neg /
BAXneg group of patients (median survival 2 months),
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Fig. 1. – Survival analysis for BAX expression. Kaplan-Meier-
Analysis of overall survival in the BAX positive group (solid line;
n=30) and in the BAX negative group (dotted line; n=31;
Logrank-Mantel-Cox p=0.0004).

Table 2. –Survival analysis for different subgroups

Groups Median survival (months)

Expression No expression p-value (Logrank-Mantel-Cox-Test)

BAX 14 (30) 6 (31) v0.0004
stages I–III group 18 (18) 12 (10) v0.037
stage IV group 6 (12) 3 (21) v0.017
therapy group 16 (25) 8 (20) v0.005
best supportive care 5 (5) 2 (11) NS

p53wt and 18 (13) 8 (16)
p53mut 12 (17) 3 (15) v0.0003
p53pos and 16 (16) 4 (14)
p53neg 12 (13) 9 (17) v0.0005

p16INK4A 15 (35) 4 (26) v0.0001
stages I–III group 18 (18) 12 (10) v0.037
stage IV group 9 (14) 2 (19) v0.028
therapy group 15 (26) 6 (19) v0.0004
best supportive care 5 (9) 2 (7) v0.018

p53wt and 15 (19) 5 (10)
p53mut 13 (16) 3 (16) v0.0006
p53pos and 16 (17) 5 (14)
p53neg 12 (18) 3 (12) v0.0001
BAXpos and 16 (20) 6 (10)
BAXneg 12 (15) 2 (16) v0.0002

Data are presented as months of median survival (number of patients). wt: wild type; mut: mutated; pos: positive; neg: negative;
NS: nonsignificant.
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the best for the p16INK4A
pos/BAXpos patient group

(median survival 16 months, fig. 3).

Discussion

The analysis showed prognostic values for BAX
and for p16INK4A. p53 overexpression or p53
mutations alone showed no significant influence on
survival. Although many studies have investigated the
implication of p53 in NSCLC carcinogenesis it
appears that the prognostic significance of p53
alterations in lung cancer is rather weak [10, 19]. In
contrast to p53, patients with BAX expression had a
significantly better prognosis in the analysis of over-
all survival (8 months longer survival). These data
concur with the results of a previous study, in this
study reduced expression of BAX was a negative
prognostic factor in patients with colorectal adeno-
carcinoma [12]. A positive prognostic impact of high
BAX expression has also been demonstrated for
ovarian carcinoma [20], breast cancer [21, 22], and
pancreatic cancer [23]. In contrast, BAX expression
was not associated with better outcome in another
study, which used, however, a protein expression
level of 50% of tumour cells as a cut-off value for
classifying BAX expression as "positive" or "negative"
[24]. In the present study the cut-off value was set at
10% positively stained cells for "positive" as previously
reported in STURM et al. [12].

One possible reason for the lack of BAX expression
is a frameshift mutation in the BAX gene, which
is frequently found in colorectal cancers [12, 18]
and which leads to a truncated protein that is not
expressed. In concordance with findings of other
groups [25, 26] there were no frameshift mutations
of the BAX gene in the cohort of the present study,
which indicates that somatic frameshift mutation in
the BAX gene is not an important mechanism of BAX
inactivation in lung carcinogenesis.

When information about the p53 mutation status,
p53 protein expression, and BAX protein expression
are added, the dichotomy of the positive prognostic

relevance of BAX becomes even more striking. This
result is in line with findings in colorectal cancer [12].
Loss of BAX has the consequence that BAX cannot
work as an effector of p53 in inducing apoptosis,
leading to a growth advantage of tumour cells despite
intact p53. Interestingly, BAX expression was detect-
able in some patients carrying mutated p53. However,
patients with BAX expression and p53 overexpres-
sion showed better outcome than those without p53
overexpression. A possible reason for this unexpected
finding could be a missing correlation of p53 mutation
status and p53 overexpression.

The present study also included the investigation of
an effect of p16INK4A with respect to the prognosis in
NSCLC. Immunohistochemistry was used to analyse
p16INK4A inactivation because genetic (homozygous
and heterozygous deletions, and point mutations or
deletions in exons one and two) and epigenetic
(hypermethylation of the CpG island in the promoter
region) alterations result in nonfunctional proteins or
partial or complete loss of p16INK4A expression [27,
28]. In 40% of the tumours no p16INK4A in protein
expression was found, this is similar to results
of others [7, 29]. Two representative samples from
primary tumours were investigated, which were
comparable in each case. No probes from lymph-
node metastases or distant metastases were analysed,
but MARCHETTI et al. [29] have shown concordance of
p16INK4A status in primary tumour and node metas-
tasis for node positive NSCLC.

Tumour stage, tumour size, lymph node metastasis
status, and status of distant metastasis are conven-
tional prognostic markers. No association between a
lack of p16INK4A protein expression and tumour stage
was observed in this study in accordance with the
results of TAGA et al. [30] and HUANG et al. [31].
However, other groups did find such a correlation [7,
29, 32]. Furthermore, in line with KAWABUCHI et al.
[32] a correlation between tumour grading and loss of
p16INK4A protein expression was observed, which is in
contrast to the results of TAGA et al. [30], MARCHETTI
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Fig. 2. – Survival analysis for p16INK4A expression. Kaplan-Meier-
Analysis of overall survival in the p16INK4A negative group
(dotted line; n=26) and in the p16INK4A positive group (solid line;
n=35; Logrank-Mantel-Cox p=0.0001).
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Fig. 3. – Combination of survival analysis for p16INK4A expression
and BAX expression. Subgroup analysis for four groups: p16INK4A

pos/
BAXpos (n=20; —), p16INK4Apos/BAXneg (n=15; ????), p16INK4A

neg/
BAXpos (n=10; - - -), and p16INK4A

neg/BAXneg (n=16; – - –) (Logrank-
Mantel-Cox p=0.0002). pos: positive group; neg: negative group.
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et al. [29], and HUANG et al. [31]. A further correlation
was shown for tumour grading and loss of BAX
protein expression. In some analyses p16INK4A inacti-
vation was found to be strongly correlated with lymph
node metastasis in early stage NSCLC [29, 32]
whereas this was not the case in other reports [30,
31]. In this study, a correlation was found between
p16INK4A protein expression and lymph-
node metastasis status. Status of distant metastasis
correlated with BAX as well as with p16INK4A protein
expression. While most authors investigated earlier
tumour stages, in the present report mainly advanced
tumours were studied which might have contributed
to the conflicting results described earlier.

It was also shown that patients with NSCLC
expressing p16INK4A in tumour tissue had a signifi-
cantly better prognosis than those with p16INK4A

negative tumours (fig. 2). The results of the present
study support data from other groups describing loss
of p16INK4A protein expression as a negative prog-
nostic marker in early stage of NSCLC [29–32]. In
contrast, HOMMURA et al. [33] found no prognostic
benefit with p16INK4A protein expression in early
stage NSCLC. However, when NSCLC with tumour
stage IV were included in the present investigations,
the positive prognostic impact of p16INK4A protein
expression for survival became more obvious.

To evaluate a possible dilution effect in the statis-
tical analysis by heterogeneous patient groups, sub-
groups reflecting stage and therapy status were
analysed. Here the independent prognostic impact
of BAX and p16INK4A could also be shown. How-
ever, BAX status in the patient group receiving best
supportive care showed no prognostic influence.
While these results do not exclude any influence of
other parameters, the differences in survival time of
the subgroups suggest a combined effect of different
prognostic parameters, such as therapy status (sur-
gery, radiotherapy, and chemotherapy) and protein
expression. Moreover, combination of protein expres-
sion analysis of p53, BAX, and p16INK4A expression
in the present study seems to identify subgroups of
patients with very good prognosis.

Taking into account the relatively small number of
cases in this work, further investigations and a larger
study are necessary to evaluate subgroups of patients
for new or modified therapeutic strategies, such as
more aggressive adjuvant therapy perhaps in combi-
nation with surgery, or combined therapy including
gene therapy to replace the lost gene.
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