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Expression of p300 and CBP is associated with poor 
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Abstract: Purpose: To investigate the correlation among p300, CBP and MLL expression and the clinicopathologi-
cal characteristics in resected SCLC patients. Methods: Two hundred and twenty-two resected SCLC patients were 
included in this study. We evaluated p300, CBP and MLL expression by immunohistochemistry. Results: Patients 
with high p300 expression had shorter OS and DFS than those with low p300 expression (p = 0.01; p = 0.009, re-
spectively). The patients with CBP-positive tumors had significantly lower OS and DFS than those with CBP-negative 
tumors (p = 0.005 and p = 0.007, respectively). Moreover, the p300- and CBP-positive (+) group had a significantly 
poor OS and DFS. The multivariate Cox regression analysis showed that high p300 and CBP expression are indepen-
dent markers of poor overall survival (p = 0.006; p = 0.017, respectively) in operable SCLC patients. Conclusions: 
High p300 and CBP expression are independent prognostic markers of poor overall survival for resected SCLC 
patients. The combination of p300 and CBP expression may be useful in identifying patients with increased risks of 
cancer recurrence of SCLC.
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Introduction

The incidence and mortality of small-cell lung 
cancer (SCLC), known as an aggressive lung 
tumor subtype with poor prognosis, make this 
disease a notable health-care issue worldwide 
[1]. However, although platinum-based chemo-
therapy and radiotherapy have all exerted ben-
eficial effects, the increase in survival has been 
slight since the mid-1980s [2]. Median survival 
for patients with limited-stage disease is cur-
rently 15-20 months, with 20-40% surviving to 
2 years, and for those with extensive-stage dis-
ease the values are 8-13 months and 5% 
respectively [3]. Therefore, it is pivotal to clarify 
the mechanism of carcinogenesis, and to dis-
tinguish the population with high-risk recurrent 
and metastatic disease for better management 
of lung cancer patients by specific biomarkers. 
Histone modifications include acetylation, 
phosphorylation, methylation, ubiquitination 
and ADP-ribosylation [4]. Abnormalities in the 
epigenetic regulation of chromatin structure 

and function can lead to aberrant gene expres-
sion and cancer development [5]. p300, which 
was originally identified using protein-interac-
tion assays with the adenoviral E1Aoncoprotein 
[6], is highly homologous to the cyclic AMP 
response element-binding (CREB) protein (CBP), 
with 63% homology at the amino-acid level [7]. 
p300 and CBP are members of the histone 
acetyltransferase (HAT) family of transcriptional 
coactivators [8, 9] of various sequence-specific 
DNA-binding transcription factors and are 
involved in a wide range of cellular activities, 
such as DNA repair, cell growth, differentiation, 
and apoptosis [10]. Somatic mutations in the 
p300 gene are found in gastric cancer, colon 
cancer, glioblastoma, acute myeloid leukemia 
and small cell lung cancer [11-14]. In addition, 
the oncogenic effect of P300 has been report-
ed in lung, colorectal, breast and prostate can-
cers, and its overexpression is indicative of a 
poor prognosis [15-17]. Moreover, germline 
mutations in the CBP gene have been reported 
in Rubinstein-Taybi disease, while somatic alter-
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ations are detected in hepatocellular carcino-
ma and acute myeloid leukemia [18, 19]. Thus, 
dysfunction of CBP and/or p300 is considered 
to contribute to tumorigenesis in several human 
malignancies.

Mixed lineage leukemia (MLL) with histone 
methyltransferase activity is involved in chro-
mosome translocations resulting in acute 
myelogenous leukemia (AML), acute lympho-
blastic leukemia (ALL), or leukemia of mixed 
immunophenotype [20]. According to a recent 
study, genomic alterations affect the histone-
modifying enzymes p300, CBP and MLL and 
become the second most frequently mutated 
class of genes in SCLC [14]. Nevertheless, the 
clinical significance of p300, CBP and MLL 
expression in SCLC is still unclear.

Our study retrospectively investigates the cor-
relations among the expression of p300, CBP 
and MLL and the clinicopathological features in 
surgically resected SCLC patients for the pur-
pose of identifying patients with increased 
risks of cancer recurrence and providing a theo-
retical basis for further clinical prevention of 
SCLC.

Materials and methods

Patients and sample collection

In this retrospective study, we analyzed speci-
mens from 222 patients with SCLC who had 
undergone surgical resection for lung cancer at 
the Tumor Hospital of Harbin Medical University, 
the First Affiliated Hospital of Harbin Medical 
University and the Second Affiliated Hospital of 
Harbin Medical University, from January 2000 
to December 2011. All patients received 
informed consent before the collection of spec-
imens. None of the patients received adjuvant 
chemotherapy, radiotherapy or immunotherapy 
before surgery. The pathological diagnosis was 
confirmed by two senior pathologists (Jinshu 
Geng, Jiping Qi). Clinical data of the patients 
was collected from the departments to provide 
follow-up care of the Tumor Hospital of Harbin 
Medical University. Table 1 summarizes the 
characteristics of the 222 resected SCLCs. The 
patients consisted of 140 males and 82 
females ranging from 26 to 75 years (median, 
54 years) of age. Clinicopathological factors, 
including age, gender, smoking history, ECOG 

Table 1. Clinicopathological variables and p300, CBP and MLL expression
Variables No. p300 expression CBP expression MLL expression

nega-
tive (-)

posi-
tive (+) p value nega-

tive (-)
posi-

tive (+) p value nega-
tive (-)

posi-
tive (+) p value

Age (years)
    < 60 162 148 14 0.174 74 88 0.449 128 34 0.522
    ≥ 60 60 58 2 24 36 45 15
Gender
    Male 140 128 12 0.304 65 75 0.37 104 36 0.087
    Female 82 78 4 33 49 69 13
Smoking history
    No 103 97 6 0.459 44 59 0.691 86 17 0.063
    Yes 119 109 10 54 65 87 32
ECOG scores
    < 2 194 180 14 0.989 89 105 0.171 150 44 0.565
    ≥ 2 28 26 2 9 19 23 5
Lymph node involvement
    No 111 107 4 0.038 49 62 1 90 21 0.257
    Yes 111 99 12 49 62 83 28
Tumor status
    ≥ 3 cm 139 126 13 0.11 61 78 0.92 105 34 0.267
    < 3 cm 83 80 3 37 46 68 15
p TNM stage
    I + II 173 161 12 0.769 81 92 0.131 133 40 0.479
    III + IV 49 45 4 17 32 40 9
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scores, lymph node involvement, tumor status, 
and p-TNM stage were evaluated. The p-TNM 
staging system of the International Union 
Against Cancer (7th Edition) was used to clas-
sify specimens as stages I (n = 102), II (n = 71), 
III (n = 35), IV (n = 14). All patients with SCLC 
were followed-up from 1.0 to 116.0 months 
(median, 17.8 months) after diagnosis. The 
study was approved by Ethical Review Com- 
mittee of Harbin Medical University, Harbin, 
China.

Primary antibodies

The mouse monoclonal anti-p300 antibody 
(Abcam, ab3164) was used at a 1:50 dilution; 
rabbit polyclonal anti-CBP antibody (Abcam, 
ab2832) at a 1:200 dilution; Mouse monoclo-
nal anti-MLL (Abcam, ab32400) at a 1:200 
dilution.

Immunohistochemistry

Paraffin sections of surgically resected speci-
mens were routinely deparaffinized through a 
series of xylene baths and were rehydrated 
through graded alcohols. Sections were pre-
treated by high-pressure mediated antigen 
retrieval with 0.01 M sodium citrate buffer 
(pH6) at 100 Kpa for 5 mins. Slides were per-
oxidase blocked in 3% H2O2 for 20 min. The sec-
tions were incubated with a primary antibody 
overnight at 4°C, and then visualized with 
HistostainTM-SP (streptavidin/peroxidase) kit 
(LAB-SA detection method, Beijing Zhongshan 
Biotechnology Co., Ltd) according to the instruc-
tion manual. Normal tonsil tissue sections were 
used as positive controls for EP300, human 
pancreas tissue sections for CBP, and human 
lung adenocarcinoma tissue sections for MLL. 
Parallel negative controls omitting primary anti-
body were also performed, and they did not 
show appreciable background staining. All the 
immunoreactions were separately evaluated by 
two investigators (Jinshu Geng, Jiping Qi) with-
out knowledge of patients’ clinical records. Five 
views were examined per slide, and 100 cells 
were observed per view at 400 × magnification. 
Immunostaining of p300, CBP and MLL was 
scored following a semi-quantitative scale by 
evaluating representative tumor areas, intensi-
ty and percentage of cells. We classified stain-
ing as positive or negative, which were scored 
as follows: intensity (0 = negative, 1 = weak, 2 
= intense), and percentage of positive tumor 
cells (1 = 1-25%, 2 = 26-50%, 3 = 51-75%, 4 = 

76-100%). The scores of each sample were 
multiplied to give a final score of 0-8 and the 
total expression of p300, CBP and MLL was 
determined as either negative or low expres-
sion (-): score ≤ 2; positive expression or high 
expression (+): score ≥ 3. 

Statistical analysis

Chi-square test or two-tailed Fisher’s exact test 
was used to analyze possible associations 
between qualitative clinicopathological vari-
ables and p300, CBP or MLL immunoreactivity. 
Spearman’s rank correlation coefficient was 
used to analyze the correlation between the 
expression of any two of p300, CBP and MLL. 
Disease-free survival times were measured 
from the date of surgery to the appearance of 
local or distant tumor progression. Overall sur-
vival times were measured from the date of sur-
gery to death or last follow-up. Disease-free 
survival and overall survival were evaluated 
using the Kaplan-Meier method with the log-
rank test. The Cox proportional hazard model 
was used to analyze univariate and multivariate 
hazards ratios for the study parameters. 
Variables with significant P values in univariate 
analysis were used for multivariates analysis. P 
values less than 0.05 were considered to be 
statistically significant. Statistical analysis was 
carried out using SPSS software version 9.0.

Results

p300, CBP and MLL expression in SCLC tissue 
and the correlations with clinicopathological 
factors

p300, CBP and MLL were primarily nuclear and, 
less frequently, cytoplasmic. Representative 
images of positive and negative expression of 
p300, CBP and MLL were shown in Figure 1. 
Positive rate of p300, CBP and MLL expression 
was 7.2% (16/222), 58.6% (124/222), and 
22.1% (49/222) in SCLC samples, respectively. 
However, we noted that no significant correla-
tion coefficient between the expression of any 
two of p300, CBP and MLL in lung cancer used 
Spearman’s rank correlation coefficient. As 
shown in Table 1, high expression of p300 was 
correlated with lymph node involvement (p = 
0.038), while high expression of CBP and MLL 
was not (p = 1.000, p = 0.257, respectively). No 
statistical differences were found between clin-
icopathological factors (age, gender, smoking 
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history, ECOG score, tumor status, and p-TNM 
stage) and p300, CBP or MLL expression.

Association among expression of p300, CBP, 
MLL and overall survival and disease-free 
survival in SCLC

Patients were divided into p300-positive or 
-negative groups, CBP-positive or -negative 
groups, and also into MLL-positive or -negative 
groups. Kaplan-Meier curves for disease-free 
survival and overall survival are shown in Figure 
2. Log-rank tests were used for statistical anal-
ysis. Patients with high p300 expression had 
shorter OS and DFS (mean ± SD, 13.54 ± 2.01 
months and 8.23 ± 1.55 months, respectively) 
than those with low p300 expression (mean ± 
SD, 21.60 ± 1.28 months and 14.52 ± 1.02 
months, respectively) (Figure 2A, p = 0.01 and 
p = 0.009, respectively). The overall survival 
rate of the patients with CBP-positive tumors 
(mean ± SD, 17.71 ± 0.90 months) was signifi-
cantly lower than that of the patients with CBP-
negative tumors (mean ± SD, 24.82 ± 2.28 
months) (Figure 2B, p = 0.005). The disease-
free survival rate of the patients with CBP-
positive tumors (mean ± SD, 11.40 ± 0.72 

months) was also significantly lower than that 
of the patients with CBP-negative tumors (mean 
± SD, 17.11 ± 1.82 months, p = 0.007). There 
were no significant correlations between 
expression and disease-free survival and over-
all survival. Moreover, we tried to identify sub-
groups with better or poor prognosis by double 
stratification for p300 expression and CBP 
expression. We divided 222 patients into three 
groups, double-negative (-), p300- or CBP-
positive (+), and double-positive (++). The dou-
ble-positive group had a significantly poor over-
all survival and disease-free survival (mean ± 
SD, 10.39 ± 2.06 months and 5.73 ± 1.41 
months, respectively) and the double-negative 
group had the best overall survival and disease-
free survival (mean ± SD, 25.10 ± 2.41 months 
and 17.31 ± 1.92 months, respectively) (Figure 
2C, p < 0.001 and p < 0.001, respectively). The 
p300- or CBP-positive groups showed medium 
over-all survival among the three groups.

Univariate and multivariate analysis of prog-
nostic factors in SCLC patients

Through Cox proportional hazard model, uni-
variate analysis revealed that positive p300, 

Figure 1. p300, CBP and MLL expression in SCLC specimens. A: p300 positive expression; B: p300 negative expres-
sion. C: CBP positive expression; D: CBP negative expression. E: MLL positive expression; F: MLL negative expres-
sion, p300 and CBP expression are primarily cytoplasmic and nuclear, however, MLL was primarily nuclear and less 
frequently, cytoplasmic. Photographs from A to F were taken at × 40 magnification.
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1.119-3.156, p = 0.017, respectively) by the 
Cox hazard model.

Discussion

p300 and CBP are involved in a number of cel-
lular processes including proliferation, cell 
cycle regulation, apoptosis, differentiation and 

Figure 2. Kaplan-Meier cumulative survival analyses for 220 SCLC patients with different p300, CBP and MLL sta-
tus. A: Difference in overall survival for negative p300 expression and positive p300 expression was statistically by 
Log-rank (P = 0.01). Solid black line, patients in negative p300 expression; dashed black line, patients in positive 
p300 expression. B: Difference in overall survival for negative CBP expression and positive CBP expression was 
statistically by Log-rank (P = 0.005). Solid black line, patients in negative CBP expression; dashed black line, pa-
tients in positive CBP expression. C: Patients were divided into three groups according to p300 expression (positive 
or negative) and CBP expression (positive or negative); (-): double negative, (+): p300 or CBP positive, (++): double 
positive. The double-positive group had a significantly poor overall survival and the double-negative group had the 
best overall survival (p < 0.001).

positive CBP, lymph node involvement, and 
p-TNM stage were significantly correlated with 
overall survival (Table 2). Multivariate analysis 
with factors proven to be significant in the uni-
variate analysis revealed that p300 and CBP 
expression were independent prognostic fac-
tors for overall survival (HR 1.488, 95% C.I. 
1.118-1.980, p = 0.006; HR 1.879, 95% C.I. 
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DNA damage response [10, 13], and function 
as transcriptional co-factors and histone acet-
yltransferases. Studies showed that p300 and 
CBP play an important role in the tumorigenesis 
of a variety of malignancies including colorec-
tal, breast, hepatocellular and non-small cell 
lung carcinomas [21-24]. Mixed lineage leuke-
mia (MLL) is involved in chromosome transloca-
tions resulting in acute myelogenous leukemia 
(AML), acute lymphoblastic leukemia (ALL), or 
leukemia of mixed immunophenotype. However, 
the significance of p300, CBP and MLL expres-
sion in a clinical settings and its prognostic 
value in SCLC remain to be elucidated.

To the best of our knowledge, this is the first 
report demonstrating the expression level of 
MLL in SCLC. p300 expression was correlated 
with lymph node metastasis. Similar results 
were found in colorectal cancer and hepatocel-
lular carcinoma [25]. Furthermore, overall sur-
vival and disease-free survival were poor for 
patients with p300 and CBP overexpression. 
Through double stratification for p300 expres-
sion and CBP expression, we identified that 
double-positive group had a significantly poor 
prognosis and the double-negative group had 
the best prognosis. A Cox multivariate regres-

sion analysis also showed the significance of 
the overexpression p300 and CBP, such as 
smoking status, lymph node involvement and 
p-TNM stage. Therefore, p300 and CBP expres-
sion might be a reliable new prognostic bio-
marker for tumour recurrence or metastasis in 
SCLC patients.

It is now known that the expression of p300 
and CBP may be associated with the progres-
sion of SCLC. There are several possible mech-
anisms. One potential reason is that the over-
expression of p300 and CBP, as transcriptional 
coactivators for a number of nuclear proteins, 
might stimulate the expression of nuclear onco-
proteins, such as myb, jun and fos, and trans-
forming viral proteins (such as E1A) [6, 26-28]. 
The involvement of these proteins in vital 
tumorigenic pathways provides a mechanistic 
route as to how their activation could result in 
cancer. p300 and CBP are involved in chromo-
somal translocation, which is associated with 
hematologic malignancies [29]. Thus, we as- 
sume that the poor survival of SCLC patients 
with increased expression of p300 and CBP is 
correlated with the inhibition of apoptosis and 
the enhanced propensity for lymph vessel and/
or hematogenous formation. Further investiga-

Table 2. Univariate and multivariate analysis of clinicopathological factors for the overall survival of 
222 patients with SCLC
Factors B S.E. Wald p-value Exp (B) 95% CI for Exp (B)

Lower Upper
Univariate analysis
    Age 0.032 0.158 0.041 0.840 1.032 0.757 1.408
    Gender 0.122 0.145 0.707 0.401 1.130 0.850 1.502
    Smoking history 0.282 0.144 3.850 0.050 1.326 1.000 1.757
    ECOG scores -0.091 0.219 0.170 0.680 0.913 0.594 1.404
    Lymph node involvement 0.402 0.143 7.877 0.005* 1.495 1.129 1.980
    Tumor status 0.186 0.146 1.632 0.201 1.205 0.905 1.604
    p-TNM stage -0.584 0.166 12.298 0.000* 0.558 0.403 0.773
    p300 expression 0.658 0.263 6.281 0.012* 1.931 1.154 3.231
    CBP expression 0.402 0.145 7.647 0.006* 1.495 1.124 1.988
    MLL expression 0.263 0.172 2.346 0.126 1.301 0.929 1.821
Multivariate analysis
    Lymph node involvement 0.206 0.172 1.435 0.231 1.229 0.817 1.721
    p-TNM stage 0.392 0.200 3.835 0.050 1.479 1.000 2.189
    p300 expression 0.379 0.146 7.422 0.006* 1.488 1.118 1.980
    CBP expression 0.631 0.265 5.685 0.017* 1.879 1.119 3.156
B, partial regression coefficient; S.E., standard error of partial regression coefficient; Wald, X2 value which was used to com-
pare if there was difference between total partial regression coefficient and 0; CI, confidence interval; Exp (B), relative hazard 
ratio. *p < 0.05.
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tion, however, is needed to clarify the potential 
function of p300 and CBP in SCLC carcino- 
genesis.

Limitations of this study

There are several limitations in our study. At 
first, due to its retrospective nature, selection 
bias may exist in the study. Furthermore, other 
significant molecular markers in SCLC, such as 
FHIT, MAD1L1, TP53 and RB1 expression have 
not been investigated in current research. We 
believe that the correlations between these 
markers and p300, CBP would be interesting to 
pursue if further studies are conducted.

In conclusion, the present study indicates that 
expression levels of p300, CBP and MLL are 
up-regulated in human small cell lung cancers. 
p300 and CBP overexpression are indicators of 
poor prognosis for these patients. Further stud-
ies will be needed to clarify the downstream 
mechanisms involved in controlling the biologi-
cal behavior of SCLC via histone-modifying 
molecules.
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