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Background: The primary purpose of this study was to investigate the prevalence and char-
acteristics of p16 methylation and determine the prognostic implications of the clinical data, 
hematologic data, and p16 methylation changes in plasma cell myeloma (PCM).

Methods: We reviewed clinical characteristics and results of laboratory tests and investi-
gated the response to combination chemotherapy and survival time. DNA methylation of 
the p16 gene was tested by methylation-specific PCR. Clinical significance was evaluated.

Results: A total of 103 patients were enrolled in this study. The median patient age was 59.0 
yr at diagnosis and the male to female ratio was 1.15:1. According to the International Stag-
ing System (ISS), patients were diagnosed as stage: I (N=17, 16.5%), II (N=41, 39.8%),  
III (N=39, 37.9%), or not classified (N=6). Forty-five (43.7%) patients and 36 (35.0%) pa-
tients showed abnormal karyotype and complex karyotype, respectively, on the chromo-
some study. The p16 methylation was observed in 39 (37.9%) of 103 patients, but there was 
no significant association between p16 methylation status and other clinical or laboratory 
factors and survival outcome. Male gender, albumin, and complex karyotype were indepen-
dent prognostic factors for overall survival according to multivariate analysis (P <0.05). 

Conclusions: The male gender, low serum albumin level, and complex karyotype were in-
dependent poor prognostic factors for PCM. p16 methylation was relatively common in PCM, 
but did not influence the survival outcome. 
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INTRODUCTION

Plasma cell myeloma (PCM) is a clonal B-cell malignancy with a 

terminally differentiated plasma cell phenotype. The incidence 

rate is 5.6 per 100,000 persons per year and the median age at 

diagnosis is 70 yr [1, 2]. Recent improvements have been ob-

served in patient clinical management, particularly with high-

dose therapy use followed by autologous stem cell transplanta-

tion. New drugs such as thalidomide, lenalidomide, bortezomib, 

and bisphosphonates, have also been developed. As a result, 

the 5-yr survival rate was 34% in 1996-2003, up from 25% in 

1975-1977 [1, 3, 4]. The prognosis of PCM is highly variable, 

with survival ranging from a few days to more than 10 yr; how-

ever, PCM remains incurable. Therefore, it is essential to recog-

nize clinical or biological parameters at diagnosis that can be 

used to predict patient outcome and to identify patients for 

whom aggressive therapy is indicated. 

 Previously identified prognostic factors include β2-microglo-

bulin, serum albumin, hemoglobin, and cytogenetic aberrations 

[5-7], but the meaning and prognostic impact of methylation 
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abnormalities are actively being studied. Aberrant methylation of 

CpG islands is one kind of epigenetic change observed in a wide 

range of cancers [8-10]. CpG islands of tumor suppressor genes 

are aberrantly methylated, resulting in transcriptional repression 

in many cancers, the effect of which is equivalent to mutation 

and deletions in carcinogenesis. The p16 tumor suppression 

gene is one of the most common genes, which is hypermethyl-

ated and detected in many cancers, including PCM [9, 11, 12]. 

The p16 genes encode cell cycle regulators involved in inhibit-

ing G1 phase progression. Methylation of p16 genes has been 

linked with poor clinical outcome in bladder tumors, colorectal 

cancer, and lung cancer [13, 14]. However, the prognostic im-

pact of p16 methylation in PCM is still unclear, and various re-

sults have been reported [8, 15]. 

 The primary purpose of this study was to investigate the prev-

alence and characteristics of p16 methylation and to determine 

the prognostic implications of the clinical data, hematologic data, 

and p16 methylation changes in PCM.

METHODS

Approval for this study was obtained from the Institutional Re-

view Board of St. Mary’s Hospital, The Catholic University of Ko-

rea (KC09EISI0393).

1. Patients 
Between January 2004 and July 2009, 103 patients at St. Mary’s 

Hospital, Seoul, Korea, with newly diagnosed PCM were enrolled. 

Diagnosis and staging were classified according to the WHO clas-

sification of Tumours of Haematopoietic and Lymphoid Tissue 

[2]. Clinical and laboratory characteristics of patients at diagno-

sis were collected from medical chart reviews. Analyzed charac-

teristics included age, sex, percentage of plasma cells in bone 

marrow, hemoglobin level, white blood cell (WBC) and platelet 

counts, serum calcium, creatinine, lactate dehydrogenase (LDH), 

albumin, β2-microglobulin, immunoglobulin levels, serum/urine 

protein electrophoresis, serum and urine immunoelectrophore-

sis or immunofixation, and serum free light chain levels. Disease 

stages were classified according to the International Staging Sys-

tem (ISS) [16]. Responses to combination chemotherapy were 

defined according to International Myeloma Working Group uni-

form response criteria [17]. Immunofixation on the serum, urine, 

and bone marrow tests were conducted at follow-up to deter-

mine the treatment responses; survival times were determined 

by chart review.

 Chromosome studies using a trypsin-Giemsa banding tech-

nique were performed on bone marrow cells at diagnosis. Meta-

phase cells were obtained from short-term unstimulated cultures, 

and at least 20 cells in metaphase were analyzed. A complex 

karyotype was defined as 3 or more chromosomal aberrations, 

including at least 1 structural aberration [18]. 

2. Methylation-specific PCR
Methylation-specific PCR involves the chemical modification of 

genomic DNA using sodium bisulfate, which specifically con-

verts cytosine to uracil in the unmethylated regions only. PCR 

using primers specific for both methylated DNA and modified 

DNA by sodium bisulfate can be used to determine the pres-

ence of methylated DNA in a given sample. 

1) DNA extraction
Bone marrow cells were scraped from bone marrow aspiration 

slides. DNA extractions were performed by QIAamp micro DNA 

kit, catalog number 56304 (QIAGEN GmbH, Hilden, Germany). 

2) Bisulfate modification
DNA concentrations were measured using a Nano-Drop 2000 

(Thermo Fisher Scientific Inc., Wilmington, MA, USA) and ad-

justed to 500 ng/20 µL. Bisulfate treatment was performed using 

the EZ DNA Methylation Kit (Zymo Research Corporation, Or-

ange, CA, USA). C/T conversion reagent was prepared by mix-

ing 900 µL distilled water, 300 µL M-dilution buffer, and 50 µL 

dissolving buffer, and incubating for 10 min at room tempera-

ture. A 130-µL aliquot of C/T conversion reagent was added to 

20 µL DNA and incubated for 10 min at 98˚C, for 150 min at 64˚C, 

and at 4˚C (hold). The 150-µL sample solution and 500 µL M-

binding buffers were applied to an ion chromatography column, 

and then 200 µL M-desulphonation buffer was added to the col-

umn and incubated for 15-20 min at room temperature. M-elu-

tion buffer was added to the column, centrifuged at 10,000×g 

for 15 sec, and eluted. This bisulfate-treated DNA was used for 

PCR. 

3) Methylation-specific PCR
Methylation-specific PCR uses specific primers to assess meth-

ylation status for a given gene. Primers for p16 gene-promoter 

regions were designed according to a previous report [19]. Pri-

mer sequences were: methylated forward primer (p16-MF) 5’-TT 

ATTAGAGGGTGGGGCGGATCGC-3’, methylated reverse primer 

(p16-MR) 5’-GACCCCGAACCGCGACCGTAA-3’, unmethylated 

forward primer (p16-UF) 5’-TTATTAGAGGGTGGGGTGGATTGT-3’, 
unmethylated reverse primer (p16-UR) 5’-CAACCCCAAACCA-
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CAACCATAA-3’. Amplification was carried out in a C1000 ther-

mal cycler (BIO-RAD; Hercules, CA, USA). PCR conditions were 

as follows: 1 cycle at 94˚C for 15 min; 35 cycles of 95˚C for 35 

sec, 65˚C for 45 sec, and 72˚C for 40 sec; and 1 cycle of 72˚C for 

5 min. DNA from the DLD-1 colon cancer cell line is reported to 

have a methylated p16 gene and negative expression of the 

gene by northern blot; hence, the DLD-1 cancer cell line was 

used as a positive control for monitoring DNA bisulfate modifi-

cation and methylation-specific PCR [20]. Each PCR product 

was directly loaded onto a 2.5% agarose gel, stained with ethid-

ium bromide, and directly visualized under UV illumination.

3. Statistical analysis
Independent sample t-test was used to assess the association 

among continuous variables, and the ANOVA was used between 

continuous variables and ISS stages. The chi-square test was 

applied between categorical variables and treatment responses. 

The independent sample t-test was used. Overall survival was 

the chosen end point (for any cause of death, disease, or other 

causes), and survivals were plotted on Kaplan-Meier curves and 

compared using the log-rank test. Prognostic factors for overall 

survival were determined using the Cox proportional hazard mo-

del for multivariate analysis. Statistical analyses were performed 

using MedCalc version 11.2 (MedCalc Software, Mariakerke, 

Belgium). Statistical significance was assumed at a two-sided P 

value of <0.05.

RESULTS

1.	�Characteristics and laboratory results of the patients 
The patients included 55 men and 48 women (the male to fe-

male ratio was 1.15:1, and the median±SD [range] age was 

59.0±9.9 [34-80] yr at diagnosis). Patient disease staging per-

form ed according to the ISS was as follows: stage I (N=17, 

16.5%); stage II (N=41, 39.8%); and stage III (N=39, 37.9%). 

Six patients were not classified because β2-microglobulin data 

was missed at diagnosis. The types of M protein identified were 

IgG, 49 (47.6%); IgA, 30 (29.1%); IgD, 3 (2.9%); and light chain 

disease, 21 (20.4%). Forty-five (43.7%) and 36 (35.0%) patients 

showed an abnormal karyotype and complex karyotype on chro-

mosome study, respectively. The responses to combination che-

motherapy were next complete response (CR), 41 (45.1%); very 

good partial response (VGPR), 15 (16.5%); partial response (PR), 

20 (22.0%); and stable disease (SD), 15 (16.5%). The responses 

of 12 patients could not be determined due to follow-up loss 

(Table 1).

Table 1. Patients and disease characteristics

Characteristics Descriptive statistics

Total patients 103 (100%)

Age

Median 59

Range 34-80

≥60 51 (49.5%)

Gender

Male 55 (53.4%)

Female 48 (46.6%)

M protein type

IgG 49 (47.6%)

IgA 30 (29.1%)

IgD 3 (2.9%)

Light chain 21 (20.4%)

International scoring system

I 17 (16.5%)

II 41 (39.8%)

III 39 (37.9%)

Not classified 6

Durie & Salmon stage

I 7 (6.8%)

II 10 (9.7%)

IIIa 61 (59.2%)

IIIb 25 (24.3%)

Cytogenetics

Normal 58 (56.3%)

Abnormal 45 (43.7%)

Complex karyotype 36 (35.0%)

Hypodiplody 24 (23.3%)

14q32 translocations 30 (29.1%)

t(11;14)(q13,q32) 17 (16.5%)

t(4;14)(p16;q32) 12 (11.7%)

t(14;16)(q32;q22) 1 (1.0%)

Deletion 17p13 11 (10.7%)

Hemoglobin<9.0 g/dL 41 (39.8%)

Albumin<3.5 g/dL 62 (60.2%)

Calcium>10.0 mg/dL 13 (12.6%)

Creatinine>2.0 mg/dL 21 (20.4%)

PCBM>40% 40 (38.8%) (average 67.55%)

B2MG>3.5 mg/L 56 (54.4%)

p16 methylation 39 (37.9%)

Abbreviations: PCBM, plasma cell percentage of the bone marrow; B2MG, 
beta 2 microglobulin.
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Table 2. Univariate and multivariate prognostic variables for overall 
survival

Univariate 
analysis HR 

(95% CI)
P

Multivariate 
analysis HR 

(95% CI)
P

Gender (male) 1.96 (1.02-3.79) 0.045 2.41 (1.21-4.82) 0.012

Creatinine (≥1.2 mg/dL) 1.91 (1.004-3.63) 0.049

Platelet (<100×109/L) 2.47 (1.21-5.06) 0.013

Hemoglobin (≥10 g/L) 1.94 (1.04-3.79) 0.036

Albumin (<3.5 g/dL) 1.92 (1.01-3.64) 0.047 2.32 (1.19-4.49) 0.013

B2MG (≥3.5 mg/L) 2.12 (1.064-4.21) 0.03

Complex karyotype  1.32 (1.06-1.64) 0.012 3.20 (1.61-6.34) 0.001

ISS (stage III) 2.30 (1.20-4.49) 0.012

Durie & Salmon stage (IIIb) 2.30 (1.201-4.39) 0.01

Abbreviations: HR, hazard ratio; CI, confidence interval; B2MG, beta 2 mi-
croglobulin.
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Fig. 1. Survival curves according to the International Staging System (A) and Durie-Salmon Stage (B) of patients with plasma cell myeloma.

2.	�p16 methylation-specific PCR and its association with 
clinical and laboratory factors

Thirty-nine (37.9%) of the 103 patients showed p16 methylation. 

Positive rates of p16 methylation were 35.3%, 36.6%, and 41.0% 

for ISS I, II, and III, respectively (P =0.887). p16 methylation was 

detected in 34.5% (20/58) and 42.2% (19/45) of the patients with 

normal karyotypes and abnormal karyotypes, respectively (P = 

0.55). p16 methylation was not significantly associated with major 

cytogenetic abnormalities in PCM including complex karyotype, 

14q32 abnormalities, t(11;14)(q13,q32), t(4;14)(p16;q32), and 

del(17p13) (P >0.05). Additionally, other laboratory and clinical fac-

tors were not significantly associated with p16 methylation status. 

3.	�Univariate and multivariate analysis for identifying  
significant prognostic variables

The ISS and Durie & Salmon stage and other factors were as-

sessed by univariate analysis for survival to identify significant 

prognostic effects. Based on the univariate analysis, gender, cre-

atinine, platelet, hemoglobin, albumin β2-microglobulin, com-

plex karyotype, ISS, and the Durie & Salmon stage were signifi-

cant prognostic factors for overall survival (P <0.05). The male 

gender, low serum albumin level, and complex karyotype were 

significant independent poor prognostic factors for overall sur-

vival based on the final multivariate model obtained by stepwise 

selection of variables (P <0.05) (Table 2).

4. Survival 
The median follow-up duration was 31.5 (1-98) months (mini-

mum-maximum, 0-98 months). Thirty-nine (47.6%) of the 82 

patients died during the study. Patients in stage III of the ISS 

categories showed significantly different overall survival (P = 

0.012). Patients in the stage IIIb of Durie & Salmon stage also 

showed significant stratifications of patients according to the 

overall survival (P =0.012) (Fig. 1 and Table 2).

DISCUSSION

This study analyzed clinical and laboratory data and p16 meth-

ylation in 103 cases with PCM in a single Korean institution. The 

median age in the present study was 59 yr, slightly less than the 

previously reported median age (70 yr) of PCM, with a minor 

male predominance. M protein types showed a relatively higher 
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incidence of IgA type than that reported previously (20%), and 

the incidence of other M protein types were similar to those in 

previous studies [2].

 Cytogenetic status has become an important prognostic indi-

cator for patients with PCM. A single genetic factor such as hy-

perdiploidy, t(11;14) or hypodiploidy, t(4;14), t(14;16) are known 

prognostic factors [6]. A complex karyotype was shown to be an 

independent prognostic factor in this study. This result indicates 

that overall genetic instability should be considered in estimat-

ing PCM with previously known single genetic factors.

 Aberrant gene promoter methylation is a common phenome-

non, although the meaning and prognostic impact on survival of 

methylation in PCM has not been characterized. The frequency 

of p16 methylation was shown to be 10-60% of PCM patients in 

recent studies [15, 21-23]. In this study, 39 (37.9%) of the 103 

patients were positive for p16 methylation, and positive rates of 

p16 methylation increased according to ISS stage. These differ-

ences may have been caused by the differences in type and 

num ber of primers used, detection methods, and the number of 

plasma cells in the sample. Previous studies using 2 primer sets 

revealed a higher p16 methylation rate than that revealed by our 

results [15, 21]. Quantitative analysis using purified plasma cells 

is necessary to accurately detect p16 methylation in PCM. 

 Normal subjects were shown to have no p16 methylation in a 

previous study, which investigated p16 methylation by bisulfate 

direct sequencing in 20 healthy donor samples [24]. In the pres-

ent study, p16 methylation was detected in 34.5% of the normal 

karyotype group. These findings imply that epigenetic changes, 

including p16 methylation, play a role in tumorigenesis of PCM. 

However, there is no significant difference in p16 methylation 

between ISS stages, abnormal karyotype, and complex karyo-

type in this study. Additionally, overall survival did not differ sig-

nificantly between patients with and without p16 methylation. 

However, previous studies reported that p16 methylation is as-

sociated with survival in Korean PCM patients [15]. Similarly to 

this study, it was reported that p16 methylation does not influ-

ence survival outcome [8, 22]. To demonstrate the significance 

and prognostic impact of epigenetic changes on PCM, methyla-

tion of various genes, quantitative analysis, and their overall ef-

fect should be examined.

 Male gender, hemoglobin, platelet, creatinine, albumin, β2-

microglobulin, and complex karyotype are significantly associ-

ated with survival time according to univariate analysis. Accord-

ing to multivariate analysis, male gender, albumin, and complex 

karyotype were independent factors for survival time. Poor out-

comes of the male patients in the present study differs from pre-

viously known prognostic factors [6]. The most commonly used 

classification was developed by Durie and Salmon in 1975 [25]. 

Despite the general use of the Durie and Salmon staging sys-

tem, there is no universal agreement on its prognostic value. The 

ISS is reproducible in all age groups, different geographic ori-

gins, and treatments; hence, it can be used to predict survival 

[16, 25-27]. Durie and Salmon staging and ISS showed a similar 

prognostic impact in this study (Fig. 1 and Table 2). The overall 

survival of the highest stage (III or IIIb) of both systems were sig-

nificantly different for stage I PCM in univariate analysis (stage 

III [P =0.012] in ISS, stage IIIb [P =0.012] in Durie and Salmon 

system).

 We analyzed the prognostic impact of each clinical factor, la-

boratory factors, and p16 methylation status on overall survival. 

The male gender, low serum albumin level, and complex karyo-

type were significant independent poor prognostic factors for 

PCM. A single p16 methylation status may play a role in tumori-

genesis of PCM, but did not have a prognostic impact.
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