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Abstract 

Objectives: Two functional polymorphisms in the MDM2 promoter region, SNP309T>G and SNP285G>C, 
have been shown to impact MDM2 expression and cancer risk. Currently available data on the prognostic 
value of MDM2 SNP309 in non-small cell lung cancer (NSCLC) is contradictory and unavailable for SNP285. 
The goal of this study was to clarify the role of these MDM2 SNPs in the outcome of NSCLC patients.  
Materials and Methods: In this study we genotyped SNP309 and SNP285 in 98 NSCLC adenocarcinoma 
patients and determined MDM2 mRNA and protein levels. In addition, we assessed the prognostic value of 
these common SNPs on overall and progression free survival, taking into account the TP53 status of the 
tumor.  
Results and Conclusion: We found that the SNP285C allele, but not the SNP309G allele, was significantly 
associated with increased MDM2 mRNA expression levels (p = 0.025). However, we did not observe an 
association with MDM2 protein levels for SNP285. The SNP309G allele was significantly associated with the 
presence of wild type TP53 (p = 0.047) and showed a strong trend towards increased MDM2 protein levels (p 
= 0.068). In addition, patients harboring the SNP309G allele showed a worse overall survival, but only in the 
presence of wild type TP53. The SNP285C allele was significantly associated with an early age of diagnosis and 
metastasis. Additionally, the SNP285C allele acted as an independent predictor for worse progression free 
survival (HR = 3.97; 95% CI = 1.51 – 10.42; p = 0.005). 
Our data showed that both SNP309 (in the presence of wild type TP53) and SNP285 act as negative 
prognostic markers for NSCLC patients, implicating a prominent role for these variants in the outcome of 
these patients. 
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Introduction 
The murine double minute 2 (MDM2) protein is 

the principal cellular regulator of the p53 protein 
through a tightly regulated negative feedback loop 
[1]. MDM2 is the product of a p53 inducible gene and 
acts as an E3-ubiquitin ligase for p53, thereby 
targeting the protein for proteasomal degradation. In 
addition, MDM2 is able to bind p53, leading to the 

inhibition of its transcriptional activity and to its 
translocation from the nucleus into the cytoplasm [2].  

MDM2 can exert its role as an oncoprotein 
through overexpression induced by MDM2 gene 
amplification or through the presence of a single 
nucleotide polymorphism (SNP309T>G, rs2279744) 
located within the MDM2 P2 promoter region. The 
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SNP309G allele is found in approximately 37% of the 
population and has been shown to increase the 
binding affinity for the SP1 (specificity protein 1) 
transcription factor, resulting in increased MDM2 
expression and thereby reducing wild type p53 levels 
and blocking p53’s transcriptional activity [3]. As 
reviewed previously, the role of SNP309 has been 
studied extensively in the context of cancer risk, 
resulting in conflicting data, which can partially be 
explained by gender and ethnical differences [4].  

More recently, Knappskog et al. reported a 
second polymorphism (SNP285G>C; rs117039649) in 
the same MDM2 promoter region, situated 24 bps 
upstream of SNP309 [5]. The SNP285C allele has a 
lower frequency than SNP309G allele and is primarily 
observed in Caucasians [5, 6]. The SNP285C allele is in 
linkage disequilibrium with the SNP309G allele, 
resulting in the lack of the SNP309T/SNP285C 
haplotype [7, 8]. The SNP285C allele seems to 
antagonize the effect of the SNP309G allele by 
reducing the binding affinity of the SP1 transcription 
factor to the MDM2 promoter region [5]. Again, the 
presence of this SNP is mostly studied for its role in 
cancer risk and has been associated with a reduced 
risk of ovarian, breast and endometrial cancers, but 
was not associated with risk of prostate or lung 
cancer, thus suggesting a gender specific protective 
role, possibly related to the presence of estrogen 
[8-10].  

In this study, we focused on the prognostic role 
of SNP309 and SNP285 in a Caucasian (Belgian) 
patient population diagnosed with non-small cell 
lung cancer adenocarcinoma (NSCLC). Currently, 
only a limited number of studies have focused on the 
prognostic role of the SNP309G allele which resulted 
in highly conflicting results, as discussed previously 
by our group [4]. This indicates the need for further 
studies to determine the true prognostic role of 
SNP309 in NSCLC. To our knowledge, the prognostic 
value of SNP285 has not been studied previously in 
NSCLC and will therefore be explored in this study. 
In addition, we determined the association of SNP309 
or SNP285 with MDM2 transcription and translation 
by defining MDM2 mRNA and protein levels. Finally, 
the patients’ p53 status was determined and taken 
into account as a factor possibly influencing the 
prognostic value of MDM2 SNP309, which other 
studies failed to include. 

Materials and Methods 
Patients 

A total of 98 NSCLC patients were selected by an 
independent researcher based on histological subtype 
(adenocarcinoma). Tissue samples from tumor 

resections were obtained from the Antwerp 
University Hospital Tumorbank, which is funded by 
the National Cancer Plan. Tissue specimens were 
fixed in 4% formaldehyde for 6-18h and paraffin 
embedded on a routine basis. An additional 4 FFPE 
specimens from NSCLC patients, without malignant 
cells, constituted the control samples. Patients were 
diagnosed between 2005 and 2014, therefore 
EGFR/ALK status was available for a limited number 
of patients and not taken into account. 

DNA and RNA extraction and Quantification 
DNA and RNA were extracted from 5-10 FFPE 

tissue slides (10 µm thick), depending on the size of 
the tumor region. Tumor regions were determined by 
an experienced pathologist based on hematoxylin and 
eosin stained reference slides and enriched by 
macrodissection. DNA was isolated using the QIAmp 
DNA FFPE tissue kit (Qiagen, Venlo, the 
Netherlands), according to the manufacturer’s 
instructions. RNA was isolated using the RNeasy 
FFPE isolation kit #74404 (Qiagen). DNA and RNA 
concentrations were measured on a Qubit 2.0 
fluorometer using the Qubit dsDNA BR assay and 
Qubit RNA BR assay (Invitrogen, Merelbeke, 
Belgium), respectively, as previously described [11]. 
The purity (A260/280 ratio and A260/230 ratio) was 
measured using the NanoDrop ND-1000 
spectrophotometer (ThermoFisher Scientific, Gent, 
Belgium). 

MDM2 SNP309/SNP285 genotyping 
Genotyping of the MDM2 SNP309T/G and 

SNP285G/C polymorphism was performed on 98 
genomic tumor DNA samples and 4 normal lung 
tissue samples by high resolution melting analysis. 
PCR [1x(95°C/10sec); 40x(95°C/10sec, 62°C/10sec, 
72°C/10sec); 1x(95°C/30sec)] was performed with a 
Lightscanner master mix with the addition of 0.6 µM 
DMSO, on a RapidCycler 2 instrument (Idaho 
Technologies, Utah, USA) with the following forward 
(5’-GGGATTTCGGACGGCTCTCG-3’) and reverse 
(5’-GGCCCAATCCCGCCCAGACTA-3’) primers. 
Melting curves were obtained with a HR-1 High 
Resolution Melter, and analyzed using the HR-1 Melt 
Analysis Tool software (Idaho Technologies) and 
presented as a derivative plot. In each run, samples 
with a known MDM2 SNP309/SNP285 status 
(validated by pyrosequencing) were included as 
reference melting curve. In the presence of a SNP285C 
allele, no distinction could be made for the SNP309 
genotype. The genotype of these samples and samples 
with indistinct melting curves, were validated by 
pyrosequencing. A PCR [1x(94°C/10min); 40x(94°C/ 
30sec, 64°C/30sec, 72°C/30sec); 1x(72°C/10min)] was 
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run on a Prime Thermal Cycler (VWR, Leuven, 
Belgium) using the same primers as described above 
with the addition of a biotin label on the reverse 
primer. Pyrosequencing was performed using the 
PyroMark Gold Q24 reagents kit on a Pyromark Q24 
system (Qiagen) with a SNP309 specific primer 
(5’-CAGGGTAAAGGTCACG-3’) or SNP285 specific 
primer (5’-GGGCTGCGGGGCCGCT-3’). 

MDM2 mRNA expression levels: quantitative 
RT-PCR 

MDM2 qRT-PCR was successfully performed on 
67 genomic tumor RNA samples and 4 normal lung 
tissue samples (31 samples were excluded due to 
insufficient RNA yields or high Ct values). Reverse 
transcription was performed using the High Capacity 
RNA-to-cDNA kit (ThermoFisher Scientific) and 
real-time PCR reaction was performed using the 
TaqMan Gene Expression Master Mix on a 
LightCycler480 instrument (Roche, Vilvoorde, 
Belgium). The hs01066930_m1 (MDM2) TaqMan gene 
expression assay (ThermoFisher Scientific) was used 
as target of interest and hs00609296_g1 (HMBS), 
hs00984230_m1 (B2M), hs01122445_g1 (YWHAZ) 
were used as housekeeping genes (HKG’s) for 
normalization. These HKG’s were selected from a 
panel of 7 genes tested in 10 representative patient 
samples (7 NSCLC samples and 3 normal tissue 
samples). The optimal number and type of HKG’s 
were determined with the geNorm software module 
of qbasePLUS software (Biogazelle, Zwijnaarde, 
Belgium). Relative gene expression levels were 
calculated according to the Ct method with the 
qbasePLUS software and plotted against normal lung 
tissue (SNP309TT/SNP285GG). A second target of 
interest, for which the protein expression levels were 
determined in the same samples by IHC, was run 
simultaneous to assess the reliability of the assay. For 
this target a significant correlation was demonstrated 
between mRNA levels and protein expression (P < 
0.001, R2 = 0.497). The TP53 status of the tumor was 
used as positive and negative control. Since MDM2 is 
a transcriptional target of p53 we expected and 
observed significant lower MDM2 mRNA expression 
levels in the presence of mutant p53 (figure 2).  

MDM2 protein levels: immunohistochemistry 
MDM2 IHC was successfully performed on 94 

samples. Four samples were excluded because the 
tissue sections did not contain any tumor cells. Five 
µm-thick FFPE tissue sections were prepared and 
subjected to heat-induced epitope retrieval (HIER) by 
incubation in a high pH buffer for 20 min at 97°C. 

Subsequently, endogenous peroxidase activity was 
quenched by incubating the slides in peroxidase 
blocking buffer (DAKO, Heverlee, Belgium) for 5 min. 
Incubation with the primary monoclonal anti-MDM2 
antibody (clone IF2, diluted 1:200 for 30 min, 
ThermoFisher Scientific) was performed manually at 
room temperature. Primary incubation was followed 
by incubation with mouse enhanced polymer-based 
linker (DAKO) for 30 min at room temperature. The 
detection was performed using the Envision FLEX+ 
detection kit (DAKO). Sections were counterstained 
with hematoxylin, dehydrated and mounted. Positive 
controls were included in each staining run and 
consisted of a MDM2-amplification positive 
liposarcoma, confirmed by FISH staining. The 
antibody diluent (DAKO) was used as negative 
control. Nuclear staining was assessed by two 
independent observers, including an experienced 
pathologist, and samples were grouped according to 
the percentage of MDM2 positive tumor cells (<5% = 
negative; 5-25% = low; 25–50% = medium; >50% = 
high MDM2 protein expression, in more than one 
region). Representative examples of the different 
types of MDM2 expression are shown in figure 1.  

Multiplex Amplification of Specific Targets for 
Resequencing (MASTRTM) 

TP53 next generation sequencing was 
successfully performed on 69 genomic tumor DNA 
samples using the TP53 MASTRTM with MID for 
Illumina Miseq kit (Multiplicom, Niel, Belgium) 
according to the manufacturer’s instructions. A total 
of 29 samples were excluded because they did not 
pass the quality control steps of the TP53 MASTRTM 
kit protocol. Sequencing was performed on a MiSeq 
system using the MiSeq Reagent Kit v2 (500 cycles) 
(Illumina, Belgium). Using an in-house annotation 
and filtering tool, VariantDB, single nucleotide 
variants were annotated to the TP53 NM_000546 
transcript file[12]. SNVs present in the dbSNP137 and 
1000 Genomes Project databases were identified as 
single nucleotide polymorphisms and excluded. The 
reads were visualised using the Integrative Genomics 
Viewer software (IGV, version 2.3.67), alligned to the 
human reference genome (hg19, NCBI build 37). 
Using the MUT-TP53 2.0 tool, innactivating TP53 
mutations were identified [13]. NSCLC cell lines with 
know TP53 status were included in the run as positive 
controls (A549 (CCL-185, TP53wt), NCI-1975 
(CRL-5908, TP53R273H), NCI-H2228 (CRL-5935, 
TP53Q331* ) and NCI-H596 (HTB-178, TP53G245C). In 
each step a non-template control was included.  
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Figure 1. MDM2 nuclear staining in NSCLC. Representative sections of NSCLC tumors classified as (A) <5%; (B) 5-25%; (C) 25-50%; (D) >50%. 

 
Statistical analysis 

Associations between the MDM2 SNP309 or 
SNP285 status and relative MDM2 mRNA expression 
levels were determined using Student t-test (2 groups) 
or One-way ANOVA test (> 2 groups). 

Associations between SNP309, SNP285, MDM2 
protein expression and clinicopathological 
characteristics of NSCLC patients were investigated 
by χ2 analysis or Fisher’s exact test (when appropriate) 
for categorical variables and the Student t-test or 
One-way ANOVA analysis for continuous variables.  

Prognostic value was assessed by survival 
analysis. PFS was indicated as the time until disease 
progression occurred. OS was indicated as the time 
until cancer related death occurred. Univariate OS or 
PFS probability was estimated using the 
Kaplan-Meier method. Statistical significance was 
determined using the log-rank test. In addition to 
univariate analysis, a multivariate cox 
proportional-hazard model was fitted to identify 
independent prognostic markers, presented as a 
hazard ratio (HR) and its 95% confidence interval (CI). 
All analyses were performed using SPSS version 23 
and significance was reached if p < 0.05 (two-tailed).  

Results 
SNP309/SNP285 distribution and association 
with clinicopathological data 

In this study 98 NSCLC adenocarcinoma patients 
were analyzed for MDM2 SNP309 and SNP285 status. 
MDM2 SNP309 and SNP285 frequencies, MDM2 IHC 
scoring and TP53 status are presented in table 1.  

 

Table 1. Patient characteristics for MDM2 and TP53 

 No. (%) 
MDM2 SNP309     
TT 39 (39.8) 
GT 38 (38.8) 
GG 21 (21.4) 
MDM2 SNP285     
GG 91 (92.9) 
GC 7 (7.1) 
CC 0 (0.0) 
MDM2 IHC (n=94)     
< 5% 60 (61.2) 
5 - 25%  25 (25.5) 
25 -50% 6 (6.1) 
> 50% 3 (3.1) 
TP53 status (n=69)*     
Wild type 40 (58.0) 
Mutant 29 (42.0) 
*Mutant: inactivating TP53 mutations (activity determined using the MUT-TP53 2.0 
tool) 

 
The SNP309G allele was frequently present in 

60.2% of the patients. The SNP285C allele was only 
present as a heterozygous genotype G/C in 7 patients 
(7.1%) and in the presence of the SNP309G allele. 
TP53 inactivating mutations occurred in 29 patients 
(42%) and were restricted to exons 4-8.  

Table 2 summarizes the frequencies of the 
different genotypes according to the patients’ 
clinicopathological data. The SNP309G allele was 
more frequently present in wild type TP53 tumors (p 
= 0.047). No associations were found for SNP309 and 
tumor stage, T-classification, differentiation status, 
metastasis or smoking status.  
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Table 2. Association MDM2 SNP309 and SNP285 with clinicopathological characteristics 

 MDM2 SNP309  MDM2 SNP285 
TT (%) GT (%) GG (%) P GT/GG (%) P*** GG (%) GC(%) P 

Median Age ± StDev 64.2 ± 9.2 64.2 ± 9.5 64.7 ± 10.6 0.980 64.3 ± 9.8 0.957 65.0 ± 9.2 55.1 ± 10.0 0.008 
Gender                   
Male  22 (56.4) 26 (68.4) 16 (76.2) 

5 (23.8) 
0.269 42 (71.2) 0.193 59 (64.8) 5 (71.4) 0.538 

Female 17 (43.6) 12 (31.6) 17 (28.8) 32 (35.2) 2 (28.6) 
Stage*                   
I 18 (46.2) 18 (47.4) 7 (33.3)  

6 (28.6) 
5 (23.8) 
3 (14.3) 

0.650 25 (42.4) 0.471 41 (45.1) 2 (28.6) 0.140 
II 12 (30.8) 8 (21.1) 14 (23.7) 24 (26.4) 2 (28.6) 
III 8 (20.5) 9 (23.7) 14 (23.7) 21 (23.1) 1 (14.3) 
IV 1 (2.6) 3 (7.9) 6 (10.2) 5 (5.5) 2 (28.6) 
T-classification*                   
T1 12 (30.8) 15 (39.5) 5 (23.8) 

12 (57.1) 
0.281 20 (33.9) 0.952 

  
 

32 (35.2) 0 (0.0) 0.026 
  
 

T2 15 (38.5) 11 (28.9) 23 (39.0) 32 (35.2) 6 (85.7) 
T3 9 (23.1) 11 (28.9) 2 (9.5) 13 (22.0) 22 (24.2) 0 (0.0) 
T4 3 (7.7) 1 (2.6) 2 (9.5) 3 (5.1) 5 (5.5) 1 (14.3) 
 Differentation*               
Poor 10 (25.6) 11 (28.9) 7 (33.3)  0.915 

  
18 (30.5) 25 (27.5) 3 (42.9) 

Moderate 14 (35.9) 12 (31.6) 8 (38.1) 20 (33.9) 0.872 32 (35.2) 2 (28.6)  
Strong 15 (38.5) 15 (39.5) 6 (28.6) 

  
21 (35.6)  

  
34 (37.4) 2 (28.6)   

 Metastasis**           
Yes 9 (23.1) 12 (31.6) 6 (28.6) 0.701 18 (30.5) 0.493 

  
22 (24.2) 5 (71.4) 0.016 

  No 30 (76.9) 26 (68.4) 15 (71.4) 
  

41 (69.5) 69 (75.8) 2 (28.6) 
Smoking Status (n=85)             
Smoker  30 (83.3) 29 (90.6) 17 (100.0) 0.177 46 (93.9) 0.159 

  
72 (90.0) 4 (80.0) 0.437 

Never-smoker 6 (16.7) 3 (9.4) 0 (0.0) 
  

3 (6.1) 8 (10.0) 1 (20.0) 
MDM2 IHC (n=94)                
<5% 29 (74.4) 20 (55.6) 11 (57.9) 0.188 31 (56.4) 0.068 56 (63.6) 4 (66.7) 0.866 
5 - 25% 8 (20.5) 12 (33.3) 5 (26.3) 17 (30.9) 23 (26.1) 2 (33.3) 
25 - 50% 0 (0.0) 3 (8.3) 3 (15.8) 6 (10.9) 6 (6.8) 0 (0.0) 
> 50% 2 (5.1)  1 (2.8) 0 (0.0) 1 (1.8) 3 (3.4) 0 (0.0) 
TP53 Status (n=69)            
Wild Type 11 (40.7) 18 (62.1) 10 (76.9) 0.071 28 (66.7) 0.047 36 (55.4) 3 (75.0) 0.442 
Mutant 16 (59.3) 11 37.9) 2 (23.1) 14 (33.3) 20 (44.6) 1 (25.0) 
* At time of diagnosis ** Initially and/or after progression *** TT vs. GT/GG 

 
 
The SNP285GC genotype was significantly 

associated with T2 primary tumor classification status 
(p = 0.026) and tumor metastasis (p = 0.016), but not 
with gender, tumor stage, differentiation, smoking 
status or TP53 mutational status. The median age at 
diagnosis was significantly lower in patients 
harboring the SNP285GC genotype (p = 0.008). 

Association of SNP309/285 with MDM2 mRNA 
and MDM2 protein expression levels  

Relative MDM2 mRNA expression levels were 
successfully obtained from 67 tumor samples. No 
difference in mRNA expression was observed 
according to SNP309 status (figure 2). However, in the 
presence of SNP285GC genotype, MDM2 mRNA 
levels were significantly increased compared to the 
SNP285GG genotype (p = 0.025). No significant 
association was observed between MDM2 protein 
expression and mRNA levels (p = 0.922, data not 
shown). A strong trend for an association between the 
SNP309G allele and increased MDM2 protein 
expression was observed (p = 0.068; table 2). No 
association was observed for SNP285 and MDM2 
protein levels (p = 0.866; table 2). Representative IHC 
samples are shown in figure 1. It should be mentioned 

that MDM2 protein levels were very heterogeneous 
within each sample. Since MDM2 is a transcriptional 
target of p53, the presence of mutant p53 could 
possibly affect MDM2 mRNA levels. Indeed, we 
observed significantly lower MDM2 mRNA levels in 
the presence of inactivating TP53 mutations (p < 
0.0001, figure 2).  

The prognostic value of MDM2 
SNP309/SNP285 according to TP53 status 

Follow-up OS and PFS data was available for all 
98 patients. At the end of the observation period, 41 
(41.8%) patients were deceased and 34 (34.7%) 
showed disease progression.  

The Kaplan-Meier method was used to assess OS 
and PFS probability for MDM2 SNP309 and SNP285 
status. In the TP53 wild type group, the SNP309G 
allele was clearly associated with worse OS (figure 3). 
Since no event (death) occurred in the TT-genotype 
group, log-rank testing could not be performed. 
However, the presence of the SNP309G allele was 
significantly associated with death (p = 0.038). This 
effect was not observed in the TP53 mutant group (p = 
0.438). Grouping by TP53 status did not affect PFS.  
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Figure 2. Distribution of relative MDM2 mRNA expression levels according to the SNP309, SNP285 or TP53 mutational status. P < 0.05 indicates 
statistical significance.  

 
Figure 3. Kaplan-Meier survival curves for SNP309 grouped by TP53 status. (A) Kaplan-Meier survival curves for overall survival, SNP309TT (blue) vs. 
SNP309GT/GG (green). (B) Kaplan-Meier survival curves for progression free survival, SNP309TT (blue) vs. SNP309GT/GG (green). P<0.05 indicates statistical 
significance determine by the log rank test. 



 Journal of Cancer 2017, Vol. 8 

 
http://www.jcancer.org 

2160 

The SNP285GC genotype did not affect OS (p = 
0.922), but was strongly associated with a significantly 
worse PFS as shown in figure 4 (p = 0.002). Patients 
were not stratified according to TP53 status due to 
low sample sizes. 

In addition to univariate analysis, we fitted a 
Cox proportional hazard model with SNP309 and 
SNP285 status as predictor for OS and accounting for 
potential confounders including gender, age, 
differentiation, T-classification, metastasis and tumor 
stage (table 3). As expected, neither SNP309 nor 
SNP285 acted as an independent prognostic marker 
for OS in the overall patient group. As stated 
previously, outcome could not be grouped according 
to TP53 status in uni- and multivariate analysis.  

Similarly, a Cox model was fitted for SNP309 
and SNP285 status as predictor for PFS, accounting 
for gender, age, differentiation, T-classification and 
tumor stage (table 3).  

Stepwise backward model building showed that 
SNP285 acted as a significant predictor for adverse 
PFS, accounting for age (HR = 3.97; 95% CI: 1.51 – 
10.42; p = 0.005).  

 

Table 3. Independent predictors of OS and PFS (Multivariate Cox 
regression model) 

Overall Survival 
Predictor HR (95% CI) P-value 
Tumor Stage 1.69 (1.25 – 2.28) 0.001 
Progression-free Survival 
Predictor HR (95% CI) P-value 
SNP285 (GC vs GG) 3.97 (1.51 – 10.42) 0.005 
Age (>65 vs. ≤ 65) 0.53 (0.26 – 1.08) 0.08 
Factors included in the backward conditional model: SNP309, SNP285, gender, age, 
differentiation, T-classification, tumor stage and metastasis (in OS model only). HR: 
Hazard Ratio; CI: confidence interval; p<0.05 indicates statistical significance.  

Discussion  
The present study shows that the MDM2 

SNP309G allele was not associated with increased 
MDM2 mRNA levels, in contrast to the MDM2 
SNP285C allele, which significantly increased relative 
MDM2 mRNA expression. This seems inconsistent 
with the theory that the SNP285C allele acts as an 
antagonist to the SNP309G allele and reduces MDM2 
expression by overriding its effect on the binding of 
the Sp1 transcription factor to the MDM2 promoter 
[5]. However, previous studies did not determine 
actual MDM2 transcript levels showing the effect of 
the SNP285C allele on MDM2 mRNA expression 
levels. In the past, only one other study determined 
MDM2 mRNA levels in lung cancer, and showed 
higher mRNA levels in tumors with the SNP309G 
allele, particularly in wild type p53 tumors, showing a 
stronger effect compared to our present study [14]. In 
their study, mRNA was isolated from frozen tumor 
sections, resulting in mRNA of higher quality 
compared to that isolated from FFPE tissue, which 
was a limiting factor in this study. However, we did 
compensate for the possible lower mRNA quality by 
using a large panel of stable housekeeping genes, 
which can compensate for inter-sample differences in 
RNA quality. Since p53 is an important regulator of 
MDM2 transcription, we expected reduced MDM2 
transcription levels in the TP53 mutant subgroup, 
what indeed was confirmed by our data. The 
SNP309TG/GG genotype showed a strong trend 
towards increased MDM2 protein levels compared to 
the SNP309TT genotype, indicating an effect of 
SNP309 on MDM2 protein levels as previously 
suggested.  

 

 
Figure 4. Kaplan-Meier survival curves for SNP285. Kaplan-Meier survival curve for OS (left) and PFS (right) of SNP285GG (blue) vs. SNP285GC (green). 
P<0.05 indicates statistical significance determine by the log rank test. 
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MDM2 protein expression was very 
heterogeneous within the samples, which could 
account for the lack of association between of MDM2 
mRNA levels and MDM2 protein expression levels. 
MDM2 mRNA was isolated from 5-10 FFPE tissue 
slides in comparison to one slide for MDM2 IHC 
analysis, consequently giving a better representation 
of the whole tumor. Since MDM2 was not 
homogenously expressed in all tumor cells harboring 
the SNP309G allele, it seems that presence of this SNP 
does not lead to constitutive overexpression of 
MDM2.  

The main goal of this study was to determine the 
prognostic value of SNP309 and SNP285 status in 
NSCLC patients, since contradictory results have been 
reported previously [4]. We showed that the 
SNP309TG/GG genotype resulted in worse OS 
compared to the SNP309TT genotype in the TP53 wild 
type patient group. The significant association of the 
SNP309G allele and the presence of wild type TP53 
further supports the theory that the SNP309G allele 
has a more prominent role in wild type p53 tumors, 
possibly by increased inhibition of wild type p53’s 
function due to increased MDM2 protein levels. Only 
one previous study took the p53 status into account, 
limited to stage I tumors, showing a better OS in wild 
type p53 patients harboring the SNP309TG or 
SNP309GG genotype [15]. Recently, Enokida et al. 
reported similar results, showing that the SNP309TT 
genotype was predictive for poorer survival in stage I 
patients, without taking the p53 status into account 
[16]. These data seem inconsistent with our results in 
stage 1 tumors (data not shown). However, the 
difference in ethnicity between these studies (Asian) 
and ours (Caucasian) has to be taken into account, and 
could account for the difference in prognostic value. 
Han et al. previously showed the SNP309TG/GG 
genotype was associated with worse OS and PFS in 
late stage tumors, consistent with our results in TP53 
wild type patients [17].  

To the best of our knowledge we are the first to 
show the significant association of SNP285C allele 
with a lower age at diagnosis and a worse PFS, which 
could be accounted for by the significant association 
with metastasis. These findings, in addition to the 
increased MDM2 transcript levels, suggest that the 
SNP285C allele might be a valuable negative 
prognostic marker for NSCLC patients. Only one 
study reported the prognostic value of SNP285 and 
showed that the SNP285C allele did not antagonize 
the effect of the presence of the SNP309G allele on 
lung cancer risk or survival, but the effect of SNP285 
by itself or the relation with PFS was not determined 
in this study [9]. Since the GC genotype was only 
present 7.1% of all our patients, this hypothesis is 

based on a limited sample size. Therefore, larger 
patient groups could further support our findings.  

In conclusion, we showed that the prognostic 
value of SNP309 on overall survival is limited to p53 
wild type patients and that the SNP285C allele is 
associated with increased MDM2 transcription and 
metastasis and acts as a strong predictor for worse 
PFS. Our data supports the prognostic value of both 
SNP309 and SNP285 polymorphisms in NSCLC 
patients, providing a strong rational for the use of 
MDM2 inhibitors for the treatment of NSCLC in the 
presence of wild type p53, either or not in 
combination with conventional therapies [18].  
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