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Background: Recent evidences have revealed metabolic functions of p53 in cancer cells; adaptation or survival
to metabolic stress and metabolic shift toward oxidative phosphorylation. However, further studies in clinical setting
are needed. We investigated whether p53 protein expression, as a surrogate marker for loss of p53 function, is
associated with metabolic features of stage T non-small cell lung cancer (NSCLC), focusing on tumor necrosis and
maximal standardized uptake value (SUVmax) on "*F-fluorodeoxyglucose positron emission tomography.
Methods: Clinical information was obtained from retrospective review of medical records. p53 expression was
assessed by immunohistochemical staining.

Results: p53 protein expression was detected in 112 (46%) of 241 NSCLC cases included in this study. p53
expression was independently associated with the presence of necrosis (odds ratio [OR], 2.316; 95% confidence
interval [CI], 1.215~4.416; p=0.011). Non-adenocarcinoma histology (OR, 8.049; 95% CI, 4.072~15911; p<0.001)
and poorly differentiation (OR, 6.474; 95% CI, 2.998~13.979; p<0.001) were also independently associated with
the presence of necrosis. However, p53 expression was not a significant factor for SUVmax.

Conclusion: p53 protein expression is independently associated with the presence of necrosis, but not SUVmax,
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Introduction

The tumor suppressor p53 plays key roles in coordi-
nating cellular responses to diverse stresses through
transcriptional regulation of target gene expression',
Apoptosis, cell cycle arrest, DNA repair, and senescence
are well-known cellular responses induced by p53 acti-
vation”, Recently, several lines of evidence have sug-
gested that p53 acts as bioenergetic switch for cellular

energy homeostasis, Activation of p53 up-regulates ex-

Address for correspondence: Sang-Won Um, M.D,
Division of Pulmonary and Critical Care Medicine, Depart-
ment of Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, 50, Irwon-dong, Kangnam-
gu, Seoul 135-710, Korea
Phone: 82-2-3410-3429, Fax: 82-2-3410-3849
E-mail: sangwonum@skku, edu

Received: Aug, 11, 2011

Accepted: Oct, 14, 2011

pression of TP53-induced glycolysis and apoptosis regu-
lator, which lowers the fructose-2,6-bisphosphate level’,
In addition, p53 suppresses expression of phosphogly-
cerate mutase and induces synthesis of cytochrome ¢
oxidase subunit of complex IV of the electron transport
chain in mitochondria®’, Pharmacologic activation of
AMP-activated protein kinase (AMPK) by metformin or
aminoimidazole carboxamide ribonucleotide enhances
oxidation of fatty acids, an alternative energy substrate
for cancer cells, in a p53-dependent manner’, These
pS3-induced metabolic modulations may lead to a shift
in glucose catabolism toward oxidative phosphorylation
rather than glycolysis.

In contrast to its role in apoptosis induction p53 can
exert a pro-survival effect, especially under conditions
of metabolic stress., Two independent studies demon-

strated that AMPK-dependent p53 activity is critical for
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the maintenance of cellular viability under glucose-de-
prived conditions™®, In addition, metformin selectively
induced apoptotic cell death in metabolically-compro-
mised areas of p53-deficient tumors’

P53 mutations that cause perturbation of p53 function
are the most common mutations in human cancers, in-
1,29,10

. Based

on the metabolic roles of p53, tumors with loss of p53

cluding non-small cell lung cancer (NSCLC)

function are predicted to exhibit a glycolytic phenotype
and have increased susceptibility to stress-induced cell
death. These metabolic features of tumors could be re-
flected by increased maximal standardized uptake value
(SUVmax) on "F-fluorodeoxyglucose positron emission
tomography (°F-FDG PET)/CT and by observation of
cellular death in pathologic specimens'’, p53 gene mu-
tations cause accumulation of p53 protein in cancer
cells, which is rarely seen for while wild-type p53'°.
Therefore, we investigated whether p53 protein ex-
pression, as a surrogate marker for loss of p53 function,
is associated with metabolic features of stage I NSCLC,
focusing on tumor necrosis and SUVmax on “FFDG
PET/CT.

Materials and Methods
1. Patients

We retrospectively reviewed medical records of pa-
tients who received surgical resection of NSCLC from
March 2003 and August 2006 and obtained data on pa-
tient demographics, smoking status, preoperative stag-
ing work-up, and type of surgery, Tumor size, histo-
logical type, grade of differentiation, and visceral pleural
invasion were determined from post-resection pathol-
ogy reports, Pathologic stage was determined on the ba-
sis of all available data, Patients meeting the following
criteria were included in this study: pathologic stage I
NSCLC (excluding carcinoid, mucoepidermoid carcino-
ma, or adenoid cystic carcinoma) treated by lung re-
section surgery and mediastinal lymph node dissection
or sampling; immunohistochemical staining of primary
tumor for p53 expression; "F-FDG PET/CT imaging per-
formed within 30 days of lung cancer surgery at the
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Samsung Medical Center only, tumor diameter more
than 1 cm due to spatial resolution of the PET scanner’;
and no neoadjuvant therapy, Patients with no descrip-
tion of necrosis in the pathologic report were excluded.
This study was approved by the Institutional Review
Board of the Samsung Medical Center, which waived
the requirement for informed consent of individual pa-

tients, given the retrospective nature of the study.
2. Immunohistochemistry and analysis

Immunohistochemical staining was performed using
the avidin-biotinylated horseradish peroxidase complex
method (DAKO LSAB kit). Briefly, 4-#m thick formal-
infixed paraffin-embedded lung tissue sections were
prepared for immunohistochemistry, The tissue sections
were deparaffinized in xylene and rehydrated through
a series of alcohols. The sections were treated in 10
mmol/L citrate buffer (pH 6,0) for 10 minutes at 120°C
in an autoclave for antigen retrieval, then incubated
overnight at 4°C with mouse anti-p53 monoclonal anti-
body (1:20 dilution; BP 53.12; Invitrogen & Zymed
Technologies, South San Francisco, CA, USA) followed
by incubation with biotinylated anti-mouse IgG for 30
minutes, The tissue sections were treated with streptavi-
din-biotin complex peroxidase, followed by 3.3'diami-
nobenzidine tetrahydrochloride as the chromogen, and
counterstained with hematoxylin, Nuclear staining of
normal stromal cells was used as an internal control.
The score of p53 immunoreactivity was expressed as
the percentage of the total number of tumor cell nuclei
showing p53 staining, Tumor p53-positivity was defined

b
as a score =10% .

3. Integrated "°F-FDG PET/CT acquisition and SUVmax
analysis

All patients fasted for at least six hours before the
positron emission tomography (PET)/computed tomog-
raphy (CT) examination, although oral hydration with
glucose-free water was allowed. After normal peripheral
blood glucose level (<150 mg/dL) was confirmed, pa-
tients received an intravenous injection of 370 MBq (10

mCi) "F-FDG and rested for approximately 45 minutes
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before undergoing scanning, A PET/CT device (Discov-
ery LS; GE Healthcare, Milwaukee, W1, USA) consisting
of a PET scanner (Advance NXi; GE Medical Systems,
Waukesha, WI, USA) and an 8-slice CT scanner
(LightSpeed Plus; GE Medical Systems) was used for im-
age acquisition, The F-FDG PET data were evaluated
using SUVmax because this is a semiquantitative and
widely accepted index that characterizes the glycolytic
activity of the tumor' ", We used the region of interest
analysis tools included with the scanner to calculate the
SUVmax over the primary tumor after correction for the

injected dose of ®F-FDG and the patient's body weight,
4, Statistical analysis

We used the Students t-test for analysis of variables
with normal distribution and the Mann-Whitney U test
for variables without normal distribution, Categorical
variables were analyzed by Pearson's chi-square test or
Fisher's exact test, The linear-by-linear association meth-
od was used to test for trends across an ordinal catego-
rical variable, For multivariate logistic regression analy-
sis, independent variables were selected on the basis of
clinical and biological relevance with necrosis and test-
ed for associations between necrosis and independent
variables using the enter method. Multiple linear re-
gression with enter method was used for the analysis
of associations between SUVmax and independent
variables, Analyses were performed using an SPSS pack-
age, network version 17.0 (SPSS Inc., Chicago, IL,
USA). All p-values reported are two-sided, and a p-val-

ue <0.,05 was considered significant,

Results
1. Patient characteristics

Between March 2003 and August 2006, 1,063 patients
with NSCLC underwent surgical resection at the Sam-
sung Medical Center. Of these, 508 patients had patho-
logic stage I NSCLC, and 241 met the eligibility criteria
for this study. Baseline characteristics of the patients are
summarized in Table 1. Most of tumors were ad-

enocarcinoma or squamous cell carcinoma (223/241,

93%). P53 protein expression was detected in 112 (46%)
tumors, Necrosis was observed in 104 (43%) tumors,
The median SUVmax of primary tumors of NSCLC was
10.8. p53 expression was significantly associated with
male gender, smoking, stage IB, presence of necrosis,

and non-adenocarcinoma histology (Table 2). p353 ex-

Table 1, Baseline characteristics

Characteristic No. (%)

Age, yr

Median 63

Range 32~85
Gender

Female 54 (22)

Male 187 (78)
Smoker*

Never 72 (31)

Ever 164 (69)
Histology

Adenocarcinoma 126 (52)

Squamous cell carcinoma 97 (40)

Large neuroendocrine carcinoma 7 (3)

Large cell carcinoma 5 (2

Pleomorphic carcinoma 4 (2

Others " 2 (1)
Stage

IA 82 (34)

B 159 (66)
Tumor size, cm

<2 62 (26)

>2~3 64 (27)

<5 83 (34)

>5 32 (13)
Differentiation

Well 55 (23)

Moderately 125 (562)

Poorly 61 (25)
Necrosis

Absence 139 (57)

Presence 104 (43)
p53 expression

Negative 129 (54)

Positive 112 (46)
SUVmax

Median 10.8

Range 05~434

*Smoking history available for 236 of 241 patients, TIncludes
adenosquamous carcinoma and unspecified non-small cell lung
cancer,

SUVmax: maximal standardized uptake value,
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pression increased significantly as the histological grade
of differentiation progressed (p=0.008). SUVmax of p53-
positive tumors was significantly higher than that of

p53-negative tumors (12.6 vs. 8.1; p<0.001),

2. p53 protein expression is independently associ-
ated with necrosis

The presence of necrosis was significantly associated
with male gender, smoking, stage IB, non-adencar-
cinoma histology, progression of histological grade of
differentiation, and p53 expression (Table 3), Multivar-

fate logistic regression analysis adjusted for stage, histol-

Table 2, Relationship between p53 expression and clinical
characteristics in patients with stage | non-small cell lung
cancer

- p53 (—) P53 (+)
Characteristic (n=129) (n=112) p-value
Age, yr 0,155
Median 61 63
Range 37~78 32~85
Gender 0.028
Female 36 (28) 18 (16)
Male 93 (72) 94 (84)
Smoker* 0.007
Never 48 (38) 24 (22)
Ever 78 (62) 86 (78)
Stage 0.006
IA 54 (42) 28 (25)
B 75 (58) 84 (75)
Histology <0.001
ADC 84 (65) 42 (37)
Non-ADC 45 (35) 70 (69)
Differentiation 0.008
Well 39 (30) 16 (14)
Moderately 62 (48) 63 (56)
Poorly 28 (22) 33 (30)
Necrosis <0.001
Absence 91 (70) 46 (41)
Presence 38 (30) 66 (59)
SUVmax <0.001
Median 8.1 126
IQR 42~139 72~168

Data are presented as number (%) unless otherwise indicated,
*Smoking history available for 236 of 241 patients,

P53 (—): p53-negative; pb3 (+): pb3-positive; ADC: adeno-
carcinoma; SUVmax: maximal standardized uptake value; IQR:
interquartile range,
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Table 3, Relationship between necrosis and clinical char-
acteristics in patients with stage | non-small cell lung can-
cer

- Necrosis (—) Necrosis (+)
Characteristic (n=139) (n=104) p-value
Age, yr 0128
Median 61 63
Range 53~69 56 ~69
Gender <0.001
Female 45 (33) 9 (9
Male 92 (67) 95 (91)
Smoker* <0.001
Never 58 (43) 14 (14)
Ever 77 (57) 87 (86)
Stage <0.001
IA 61 (45) 21 (20)
1B 76 (55) 83 (80)
Histology <0.001
ADC 101 (74) 25 (24)
Non-ADC 36 (26) 79 (76)
Differentiation <0.001
Well 48 (35) 7(7)
Moderately 72 (53) 53 (51)
Poorly 17 (12) 44 (42)
p53 <0.001
Absence 91 (70) 46 (41)
Presence 38 (30) 66 (59)

Data are presented as number (%) unless otherwise indicated,
*Smoking history available for 236 of 241 patients,

Necrosis (—): absence of necrosis; Necrosis (+): presence of
necrosis; ADC: adenocarcinoma,

Table 4, Multivariate logistic regression for defining in-
dependent variables associated with necrosis in patients
with stage | non-small cell lung cancer

Variable Odds ratio  95% Cl p-value
Stage 0.071
IA 1,000
B 1955  0.945~4047
Histology <0.001
ADC 1.000
Non-ADC 8.049  4072~15911
Differentiation <0.001
Well and Moderately 1.000
Poorly 6.474  2998~13979
P53 expression 0.011
Negative 1.000
Positive 2316 1215~4416

Cl: confidence interval; ADC: adenocarcinoma,
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Figure 1. Surgical specimens of non-small cell lung cancer without necrosis (A) or with necrosis (B, arrow) (H&E stain,
x100). Immunostainings for p53 (C~F). No p53 expression was observed in the nuclei of non-small cell lung cancer
without necrosis (C, p53 immunostaining, x100; E, p53 immunostaining, x400), p53 is strongly expressed in the nuclei
of non-small cell lung cancer with necrosis (D, p53 immunostaining, x100; F, p53 immunostaining, x400).

ogy (adenocarcinoma vs non-adenocarcinoma), grade
of differentiation (well and moderately vs, poorly), and
P53 expression revealed that p53 expression was in-

dependently associated with the presence of necrosis

(odds ratio [OR], 2.316; 95% confidence interval [CI],
1.215~4.416; p=0.011) (Table 4, Figure 1). Non-ad-
enocarcinoma histology (OR, 8.049; 95% CI, 4.072~
15.911; p<0.001) and poorly differentiation (OR, 6,474;
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95% CI, 2.998~13,979; p<0.001) were also independ-
ently associated with the presence of necrosis (Table 4),

Significantly higher SUVmaxs were observed in male
gender (12.1 vs. 5.9; p<0.001), smoker (12.5 vs. 5.9;
p<0.001), stage IB (12,5 vs, 6.8; p<0.001), non-ad-
enocarinoma (14,5 vs, 6.0; p<0,001), and poorly dif-
ferentiation (13.7 vs. 8.8; p<0.001) compared the
counterparts, After adjustment for stage, histology,
grade of differentiation, and p53 expression for multiple
linear regression analysis, stage IB (coefficient, 2.805;
standard error [SE], 0.798; p=0.001), poorly differentia-
tion (coefficient, 2,006; SE, 0.835; p=0.017), non-ad-
enocarcinoma (coefficient,7.219; SE, 0.776; p<<0.001)
were found to be independent variables for SUVmax,
However, p53 expression was not a significant variable
for SUVmax (p=0.694),

Discussion

Metabolic adaptations are critically important for can-
cer cells to sustain viability under conditions of bio-
energetic stress. Recent studies demonstrated that p53
activity is critical for cancer cells to overcome metabolic
stress”® In contrast to genotoxic stress, which induces
cellular apoptosis via p53 activation, metabolic stress ac-
tivates a pro-survival function of p557’8, In the present
study, we demonstrated that p53 expression was a sig-
nificant and independent factor associated with tumor
necrosis in patient with stage I NSCLC, Of note, all cases
in this study had no history of chemotherapy or radio-
therapy before surgical resection; therefore the presence
of necrosis reflects naturally occurring cell death caused
by failure to overcome various metabolic stresses during
the early course of NSCLC progression. The association
between necrosis and p53 expression thus provides ad-
ditional indirect support for a pro-survival function of
the tumor suppressor p53 in cancer,

Enhanced glucose uptake is a fundamental character-
istic of cancer cell metabolism that could be assessed
by measuring SUVmax of primary tumor via “FFDG
PET', Glucose transporter, hexokinase, phospho-

fructokinase, hypoxia-inducible factor-lalpha (HIF-1 @ ),
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¢-Myc, ras, Akt, and p53 are important molecules that
contribute to glycolytic activity of cancer cells", In clin-
ical settings, several studies have reported that ex-
pression of glucose transporter 1, HIF-1 @ , p53, and
Ki-67 are significantly correlated with high SUVmax in
lung cancer' ™™, In agreement with previous reportslé'zo,
this study found a significantly higher SUVmax in
p53-positive NSCLC than in p53-negative NSCLC upon
univariate analysis, However, p53 expression was not
an independent factor for SUVmax in this study.
Actually, non-adenocarcinoma histology, poorly differ-
entiation, and stage IB were found to be independent
factors for SUVmax, SUVmax on "“F-FDG PET is a semi-
quantitative index which might be affected by fasting
duration, plasma glucose level, region of interest param-
eters, and cellular density of tumors”, To investigate the
association between molecular markers and SUVmax,
subgrouping according to histology, grade of differ-
entiation, and stage might be necessary in the future
study.

p53 expression assessed by immunohistochemistry
were used as a surrogate marker of p53 mutations in
this study. Indeed, p53 protein expression typically rep-
resents missense mutations and not all mutations of the
P33 genezz, However, most of the mutations identified
in lung cancers are missense mutations”™, and several
studies have demonstrated clinical implications of p53
status assessed by immunohistochemistry as a surrogate
marker of p53 mutations in lung cancer™”, Further-
more, immunohistochemistry is a simple method to per-
form using clinical samples, Because tumor p53-pos-
itivity was defined as a score =10% in a previous re-
search from our institution using NSCLC tissuesM, we
applied the same criteria in this study. However, further
study to validate the criteria is needed. To reduce bias
in the interpretation of p53 expression, immunohisto-
chemical evaluation incorporated both stain intensity
and percentage such as HSCORE may be helpful in the
future study26,

In summary, p53 protein expression is independently
associated with the presence of necrosis, but not

SUVmax in patients with stage I NSCLC.
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