PANDIDOS
EJ PUBLICATIONS

ONCOLOGY REPORTS 16: 1105-1110, 2006

Humoral immune response to p16, a cyclin-dependent

kinase inhibitor in human malignancies

KOKSUN LOOI', ROXANNE MEGLIORINO', FU-DONG SHI?,
XUAN-XIAN PENG?, YAO CHEN! and JIAN-YING ZHANG!

1Department of Biological Sciences, The University of Texas at El Paso, El Paso, TX 79968; 2Barrow
Neurolological Institute, St. Joseph's Hospital and Medical Center, Pheonix, AZ 85013, USA;
3School of Life Sciences, Xia'men University, Xia'men, Fujian 361005, P.R. China

Received May 17,2006; Accepted July 13,2006

Abstract. The p16 protein is a cyclin-dependent kinase (CDK)
inhibitor, which plays an important role in the regulation of
the cell cycle by inactivating the cyclin-dependent kinase
(CDK) that phosphorylates the retinoblastoma (Rb) protein.
Overexpression of pl6 protein has been found in many types
of human malignancy. Autoantibody response to pl6 in
cancer has not been reported. This study determined the
extent and frequency of autoantibodies to p16 in diverse
malignancies. p16 recombinant protein was expressed in E. Coli
BL21 (DE3) cells, and purified using GST fusion protein
purification system. In further studies, p16 recombinant
proteins were used as antigens in enzyme-linked immunoassay
(ELISA) and Western blotting. Sera from 479 cancer patients
and 82 normal individuals were analyzed. Autoantibodies to
pl6 were found in 11.7% in cancer, with significant
difference from the normal individuals (p<0.05). The results
in this study also showed that the frequency of antibodies to
pl6 is relatively higher in nasopharyngeal cancer (28.6%),
breast cancer (17.1%) and hepatocellular carcinoma (HCC,
21.4%). Of the 56 ELISA positive sera with the anti-p16
antibodies, 85.7% (48/56) had positive reactions in Western
blotting. The antigen-antibody absorption experiment was
also performed to confirm the specificity of the anti-p16
antibody. In order to increase the frequency of antibody
detection in cancer, a combination of three tumor-associated
antigens (TAAs) pl16, p53 and c-myc were used. Increased
frequencies at p<0.01 were found for antibodies to p16 in
breast, esophageal, and nasopharyngeal cancer as well as
HCC. For antibodies to c-myc, increased frequencies at
p<0.01 were found in breast, cervical, colorectal and lung
cancer. For antibodies to p53, increased frequencies at p<0.01
were only found in breast cancer. With the successive addition
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of three TAAs, there was a stepwise increase of positive anti-
body reaction up to 44% in breast cancer and 43% in naso-
pharyngeal cancer. In summary, the results in this study suggest
that the combination of antibodies might acquire higher sensi-
tivity for early cancer diagnosis. It is conceivable that auto-
antibody profiles involving different panels or arrays of TAAs
might be developed in the future and the results could be
useful for cancer diagnosis.

Introduction

The highly specific autoantibody response in systemic auto-
immune diseases generally predicts the biologic phenotype of
the diseases, making autoantibodies clinically valuable and
diagnostically useful (1). Whether a similar mechanism might
be involved in humoral immune response in cancer remains
to be established, but appears to be a possibility (2). Previous
studies demonstrated that cancer sera contain antibodies
which react with a unique group of autologous cellular antigens
called tumor-associated antigens (TAAs) (3-5). Cancer has long
been recognized as a multi-step process which involves not
only genetic changes conferring growth advantage but also
factors which disrupt regulation of growth and differentiation
(6). It is possible that some of these factors could be identified
and their functions evaluated with the aid of autoantibodies
arising during tumorigenesis. The multi-factorial and multi-
step nature in the molecular pathogenesis of human cancers
must be taken into account in both the design and interpretation
of studies to identify biomarkers which will be useful for
early detection of cancer. One of our previous studies indicated
that detection of autoantibodies in cancer can be enhanced by
using mini-array of a panel of TAAs as target antigens (7). It
is conceivable that autoantibody profiles involving different
panels or arrays of TAAs might be developed and the results
could be useful for cancer diagnosis.

The tumor suppressor protein pl6 is a cyclin-dependent
kinase inhibitor, and also a negative regulator of the
mammalian cell cycle (8,9). Normal proliferating cells do not
express significant levels of p16 prior to extensive rounds of
cell division, suggesting a late-stage, anti-proliferative role as
in replicative cell senescence. Missense mutations in p16 gene
are strongly linked to several types of human cancer (10).
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Previous studies demonstrated that proteins associated with
malignant transformation of cells such as p53 (11), c-myc
(12), p62 (4,13,14) and survivin (15,16) can induce the
production of autoantibodies that could serve as parameters
to monitor tumor progression. How the tumor suppressor
protein p16 induces immune response is still unknown.
Whether antibody to p16, like antibodies to p53, c-myc, p62
and survivin can be also used as a marker for the diagnosis
and prediction of cancer remains to be investigated and
evaluated. In this study, a recombinant p16 protein was
purified and further used as an antigen for detection of anti-
bodies to p16 in human cancers.

Materials and methods

Serum samples and antibodies. Sera from 479 patients with
different types of cancer, and 82 sera from normal individuals
were obtained from the serum bank of the Tumor Cell
Engineering Laboratory of Xia'men University (Fujian
Province, P.R. China). Based on the clinical information, all
cancer sera were collected at the first time of cancer diagnosis,
and patients did not receive treatment with any chemotherapy
and radiotherapy. Normal human sera were collected during
annual health examinations from persons who had no obvious
evidence of malignancy. p16, p53 and c-myc monoclonal
antibodies were purchased from Oncogene Research
Products (Boston, MA). This study was approved by the
Institutional Review Board of the respective academic
institutions.

Expression and purification of recombinant p16 protein. For
expressing the pl6 protein, a primer pair with BamH I and
EcoR I was synthesized: 5'-AGCGGATCCATGGGTGCC
CCGACGTTG-3', and p16-2, 5'-GGTGAATTCAATCGGG
GATGT-3". p16 cDNA was amplified by reverse-transcriptase
polymerase chain reactions (RT-PCR) using HeLa cell mRNA
as a template. RT-PCR was performed using the one-tube
methods as described by Pfeffer et al (17). p16 cDNA derived
from RT-PCR was further subcloned into a pGEX vector,
which fused the pl16 gene with a glutathione-S-transferase
(GST) domain. pGEX vector has a tac promoter which can
be induced by the lactose analog isopropyl Beta-D thio-
galactoside (IPTG). The vector also has an ampicillin resistant
gene and a multiple cloning site. For increased expression
and purification, p16 recombinant protein was expressed in
E. coli BL21 (DE3) cells and purified using GST fusion protein
purification kit (Glutathione Sepharose 4B, Amersham
Biosciences). The protocol used for expression and purification
was performed as described (Amersham Biosciences). Elution
buffer (50 mM Tris-HCI, pH 8; 150 mM reduced glutathione;
0.5 M DDT, pH 9.2) was used to elute the recombinant protein.

Enzyme-linked immunosorbent assay (ELISA). Purified
recombinant p16 proteins were diluted in PBS to a final concen-
tration of 0.5 pg/ml for coating Polystyrene 96-well microtiter
plates (Dynatech Laboratories, Alexandria, VA). Human serum
samples diluted 1:200 were incubated in the antigen-coated
wells. Horseradish peroxidase-conjugated goat anti-human
IgG (Caltag Laboratories) and the substrate 2,2'-azinobis
(3-ethylbenzthiazoline-6-sulfonic acid) (Boehringer Mannheim
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GmbH, Mannheim, Germany) were used as detecting
reagents. Each sample was tested in duplicate, and the
average OD at 405 nm was used for data analysis. In this
study, all positive sera were tested at least twice. The cut-off
value designating positive reaction was the mean optical
density (OD) of 82 normal human sera plus 3 standard
deviations (SD). The detailed protocol of ELISA was used as
described by Rubin (18).

Western blotting. Western blotting was performed essentially
as described by Chan and Pollard (19). In brief, the purified
pl6 protein was separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE). After electro-
phoresis, p16 protein was further electrotransferred to a nitro-
cellulose membrane. Nitrocellulose membrane was cut in strips
and preblocked with phosphate-buffered saline containing
0.05% Tween-20 (PBST) with 5% non-fat milk for 30 min at
room temperature. As the primary antibody, 1:100 diluted
serum samples were incubated with the nitrocellulose strips
for 90 min at room temperature. Horseradish peroxidase-
conjugated goat anti-human IgG (Caltag Laboratories, San
Francisco, CA) was applied as secondary antibody using a
1:3000 dilution. Immunorective bands were detected using
the ECL kit (Amersham, Arlington Heights, IL) according to
the manufacturer's instructions and followed by autoradio-

graphy.

Absorption of antibodies with recombinant p16 protein. Sera
(2 ul) were added into 100 u1 phosphate-buffered saline (PBS)
with different amount of pl6 recombinant proteins (final
concentration: 0.5, 1.0 and 1.2 pg/ml) and incubated over-
night at room temperature. This mixture was centrifuged at
10000 g for 15 min, and the supernatant was recovered and
then diluted again for use in ELISA and Western blotting.

Statistical analysis. To determine whether the frequency of
autoantibodies to p16 in each cohort of cancer patient sera was
significantly higher than that in sera from normal individuals,
the data were analyzed using the y? test with Yates' correction.
Two significant levels (0.05 and 0.01) were used. Methods for
calculating the sensitivity/specificity, false positive/false
negative and positive predictive value/negative predictive
value was based on the methodology provided by Gordis (20).

Results

Detection of antibodies to p16 in serum samples from cancer
patient using ELISA. As described in Materials and methods,
pl6 cDNA was amplified by RT-PCR from human HeLa
cells, and the PCR products were subcloned into the pGEX
vector. The GST gene fusion system was used for the
expression and purification of pl6 recombinant protein. In
this study, the full length recombinant p16 protein was used
as antigen, and sera from patients with different types of
cancer and normal individuals were examined for the
presence of antibodies to p16. Table I shows the frequency of
antibodies to p16 in ELISA. The cancer sera tested included
479 patients from China with different types of cancer
including breast, cervical, colon, esophageal, gastric, lung,
nasopharyngeal and ovarian cancer as well as hepatocellular
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Type of No. of pl6 c-myc p53 Any of three
cancer tested no. (%) no. (%) no. (%) antigens no. (%)
Breast 41 7 (17.1)° 9 (22)y 5 (12.2) 18 (43.9)°
Cervical 16 1 (6.3) 4 (25)° 1 (6.3) 5 (31.3)°
Colorectal 57 6 (10.5) 8 (14) 5 (8.8) 16 (28.1)°
Esophageal 71 10 (14.1)° 5 () 5 (7) 16 (22.5)°
Gastric 74 8 (11) 2 (2.7) 6 (8.1)% 16 (21.6)°
Hepatocellular 77 15 (21.4)° 1 (1.3) 7 (9.1) 23 (29.9)°
Lung 112 303 14 (12.5)° 8 (7.1 20 (17.9)°
Nasopharyngeal 14 4 (28.6)° 1 (7.1 1 (7.1) 6 (429)
Ovarian 17 2 (11.8) 0 1 (59) 2 (11.8)2
Total 479 56 (11.7) 44 (9.2)° 39 (8.1) 122 (25.5)°
NHS 82 1 (1.2) 0 (0) 1 (1.2) 2 (24

Cut-off value, mean + 3SD of NHS; p-values relative to NHS, 9p<0.05; *p<0.01.

Figure 1. Western blot analysis showing representative cancer sera
recognizing p16 recombinant protein. Lane 1, pl6 monoclonal antibody was
used as positive control; lane 2, a normal human serum was used as negative
control; lanes 3-12, nine representative cancer sera which were positive in
ELISA also have strong reactivity with p16 recombinant protein in Western
blotting.

carcinoma (HCC). As control group, 82 normal human sera
from the same region in China as the cancer patients were
also tested. The cut-off value designating positive reaction
was the mean OD of 82 normal human sera (NHS) plus 3
standard deviations (SD). Of the 479 cancer sera analyzed,
11.7% (56/479) were shown to have antibodies to p16 by
ELISA, especially in sera from cancer patients with
nasopharyngeal (28.6%), breast (17.1%) and esophageal
cancer (14.1%) as well as HCC (21.4%). Only one serum
sample has a positive reaction with pl6 in 82 normal
individuals (1.2%). Of the 56 ELISA positive sera, 48 (85.7%)
had positive reactions in Western blot. Representative samples
in Western blot analysis are shown in Fig. 1.

The specificity of recombinant p16 as antigen for ELISA
was confirmed by absorption studies. As shown in Fig. 2,
nine cancer sera which had positive reactivity with pl16 were
pre-incubated by recombinant p16 with different concentrations
(0.5,1.0, 1.2 ug/ml) and used subsequently for ELISA. One
normal human serum was also tested as control. Reactivity of
cancer sera decreased substantially after pre-incubation with
p16 protein. To verify the results from the p16 antigen-anti-
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Figure 2. Absorption of antibody with recombinant p16 in ELISA. Sera with
anti-pl6 positive reactivity were pre-incubated with different concentration
of pl6 protein (0.5, 1.0, 1.2 yg/ml) and used subsequently for ELISA
analysis. The decreasing of OD reading values for each sample indicated the
specific absorption of anti-p16 antibody to the recombinant p16 protein. The
experiment was repeated three times, and the average OD values were used
to draw this figure.

body absorption experiment in ELISA, five pre-absorbed
anti-pl6 positive cancer sera were also tested in Western
blotting. As shown in Fig. 3, pre-absorbed cancer sera strongly
react with p16 recombinant protein, and after treatment with
p16 protein, the sera show no reactivity or much less reactivity.

Using a combination of three TAAs such as pl16, p53 and c-myc
to enhance antibody detection in cancer. Autoantibodies to
tumor suppressor protein p53 and oncoprotein c-myc have
been extensively detected and evaluated in different types of
cancer (11). Antibody to p16 in cancer has not been reported.
In order to address whether a combination of TAAs such as
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Figure 3. Absorption of antibodies with recombinant p16 in Western blotting.
Five cancer sera which had positive reactivity with p16 were pre-incubated
with p16 recombinant protein and used subsequently for Western blotting
analysis. Lanes 1, 3,5, 7 and 9 represent that 5 pre-absorbed positive cancer
sera strongly react with p16 recombinant protein; lanes 2, 4, 6, 8 and 10
represent these 5 post-absorbed cancer sera have no reactivity or much less
reactivity with p16 recombinant protein.
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Figure 4. Titers of antoantibody to p16, p53 and c-myc in different cancers.
The range of antibody titers to pl6, p53 and c-myc is expressed as optical
density (OD) obtained from enzyme-linked immunosorbent assay (ELISA).
The mean + 3SD and mean + 2SD of 82 normal human sera are shown in
relationship to OD value of the cancer sera. X-axis represents the type of
cancer sera.l, breast cancer; 2, cervical cancer; 3, colorectal cancer; 4, eso-
phageal cancer; 5, gastric cancer; 6, hepatic cancer (HCC); 7, lung cancer; 8,
nasopharyngeal cancer; 9, ovarian cancer; 10, normal human sera (NHS).

p16, p53 and c-myc can enhance the detection of anti-bodies
in cancer, the frequencies of antibodies to p53 and c-myc
were also analyzed in this study. Table I shows the frequency
of antibodies to these three TAAs in ELISA. The range of
antibody titers to p16, pS3 and c-myc are shown in Fig. 4.
The high titer reactivity of many cancer sera and the distinct
difference between cancer and normal sera were also
demonstrated (Fig. 4). Many cancer sera showed OD value
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Table II. Evaluation of antibodies to three TAAs (p16, c-myc
and p53) as markers for detection of cancer.

Sensitivity/  False negative/  Positive PV/
Type of specificity false positive negative PV
cancer (%) (%) (%)
Breast 43.9/97.6 56.124 90.0/77.7
Cervical 31.3/97.6 68.7/2.4 71.4/87.9
Colorectal 28.1/97.6 71924 88.9/66.1
Esophageal 22.5/97.6 77524 88.9/59.3
Gastric 21.6/97.6 78.4/2.4 88.9/58.0
Hepato- 29.9/97.6 70.12.4 88.5/59.7
cellular
Lung 17.9/97.6 82.1/2.4 50.0/46.5
Nasopha- 42.9/97.6 57124 75.0/93.0
ryngeal
Ovarian 11.8/97.6 88.2/2.4 50.0/84.2
Total 25.5/97.6 74.5/2.4 98.4/18.3

Calculation was based on the data from Table I; positive PV, positive
predictive value; negative PV, negative predictive value.

several fold above the cut-off (mean + 3SD of normal sera),
indicating that antibody responses to p16, pS3 and c-myc in
some cancer patients were quite robust, and not just elevated.

As shown in Table I, increased frequencies at p<0.01 were
found for anti-p16 antibodies in breast, esophageal, nasopha-
ryngeal cancer and HCC, and at p<0.05 in colorectal, gastric
and ovarian cancer, but no increased frequencies were found
in cervical and lung cancer. For antibodies to c-myc, increased
frequencies at p<0.01 were found in breast, cervical, colo-
rectal and lung cancer, and at p<0.05 in esophageal and
nasopharyngeal cancer, but no increased frequencies were
found in gastric, ovarian cancer and HCC. For antibodies to
pS3, increased frequencies at p<0.01 were only found in gastric
cancer. These results indicate that there are different patterns
of antibody frequency in individual cancer type. For example,
anti-p16 is more sensitive for esophageal, gastric, nasopha-
ryngeal cancer and HCC compared to antibodies to c-myc
and antibodies to p53. It seems that antibody frequency to
any individual TAA is variable. For example, the frequency
of antibodies to any individual antigen ranges from 12 to
22% in breast cancer. With the successive addition of three
TAAs, there was a stepwise increase of positive antibody
reaction up to 43.9% in breast cancer. Similar results were
also found in other types of cancer. The data suggest that the
combination of antibodies might acquire higher sensitivity
for cancer detection.

The validity of a test is defined as its ability to distinguish
between who has a disease and who does not. In order to
address the question of how good is the approach of antibody
detection to these three TAAs in separating people with and
without cancer in question, the sensitivity/specificity, false
negative/false positive and positive predictive value/negative
predictive value were calculated and summarized in Table II.
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tection is low (ranging from 11.8 to 43.9), the speci-
ficity appears to be very high (97.6%). It is consistent with the
results of other two components (false negative and false
positive). The positive and negative predictive values were
also variable in most types of cancer. In total cancer group,
the positive predictive value was quite high (98.4%), and the
negative predictive value was only 18.3%.

Discussion

The p16 protein is a cyclin-dependent kinase (CDK) inhibitor,
which regulates cell proliferation negatively by inhibiting the
kinase activity of Cdk4 and Cdk6, and subsequently promotes
phosphorylation and inactivation of the tumor suppressor
protein pRb (21). p16 gene mutation was reported in a
variety of tumor cell lines and primary tumors (22-25).
Overexpression of pl6 protein has been found in many types
of human malignancy, such as gastric (26), prostate (27) and
colorectal cancer (28). In addition, previous studies have also
demonstrated that pl6 overexpression was associated with
tumor progression and poor prognosis in different tumors such
as prostate (29), ovarian (30) and breast cancer (31). However,
the normal human tissues display low or undetectable levels
of pl6 protein (27,32-34). Taken together, it could be consi-
dered that p16 might be used as a marker for tumor progression
and prognosis as well as for tumor diagnosis. Whether or not
the p16 protein can induce humoral immune response in cancer,
and the antibody to p16 can be used as a marker for detection
of cancer remains to be investigated.

In this study, we used recombinant p16 protein as coating
antigen in ELISA for the detection of anti-p16 antibody in
sera from 479 patients with 9 different types of cancer.
Antibodies to p16 were detected in 11.7%, with a significant
difference from the normal individuals. Frequencies of anti-
pl16 antibodies were found in a higher percentage in breast
cancer (17.1%) and nasopharyngeal cancer (28.6%) as well
as HCC (21.4%). The results from ELISA were also verified
by Western blot analysis to confirm the specificity of anti-
p16 detection. The ELISA data were in good agreement with
the results of Western blotting. Antibodies to p53 and c-myc
were also analyzed for their relationship with the anti-p16
antibody. Frequencies of antibodies to p53 and c-myc were
8.1% and 9.2%, respectively. The frequency of antibodies to
any individual one of these three antigens was variable but
rarely exceeded 15-20%. With the successive addition of
three TAAs, there was a stepwise increase of positive
antibody reaction up to 25.5% for the total group of cancer
patients, but in certain type of cancers the frequencies were
over 40%, for example breast cancer (43.9%) and naso-
pharyngeal cancer (42.9%). Although antibodies to the three
antigens do not reach levels of sensitivity which could
become routinely useful in diagnosis, it appears that there are
different patterns of antibody frequency in the individual
cancer types. For example, in cervical and colorectal and lung
cancer, c-myc appears to be more reactive antigen than pl6
and p53; in esophageal, hepatic (HCC) and nasopharyngeal
cancer, pl6 was more reactive, whereas in breast cancer all
the three antigens showed strong reactivity. It also became
apparent from our data that the combination of antibodies
might acquire higher sensitivity.
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As demonstrated in many other studies, cancer has long
been recognized as a multi-step process which involves not
only genetic changes conferring growth advantage but also
factors which disrupt regulation of growth and differentiation.
Gene alterations or overexpression tend to occur in combi-
nations that vary from tissue to tissue (35). One recent study
demonstrated that the mRNA expression of two tumor
suppressor proteins p16 and p14 might play an important role
in the pathogenesis of haematological malignancies (36), and
another study showed that c-myc and p53 gene alterations
are important for tumor metastasis, as well as genetic and
pathological staging (37). If autoimmune responses represent
immune system reactions to abnormal gene expression (2),
one might expect differences in autoantibody profiles from
one type of cancer tissue to another. Many investigators have
been interested in the use of autoantibodies as serological
markers for cancer diagnosis, especially because of the
general absence of these autoantibodies in normal individuals
and in non-cancer conditions. Enthusiasm for this approach
has been tempered by low sensitivity. Data from this study
on the one hand indicate that the combination of antibodies
might acquire higher sensitivity for diagnosis of cancer. On
the other hand, the data also show that in the selection of
different antigen-antibody systems, some of the antigens may
turn out to be more specific for a certain type of cancer while
others not. A comprehensive analysis and evaluation of
various combinations of selected antibody-antigen systems
will be useful for the development of autoantibody profiles
involving different panels or arrays of TAAs, and the results
could be useful for the detection and diagnosis of certain
types of cancer.
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