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Point mutations in TP53 but not in p15Ink4b and p16Ink4a genes represent 
poor prognosis factors in acute adult T cell leukemia/lymphoma
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Adult T-cell leukemia/lymphoma (ATL) is an aggressive 
mature T-cell malignancy (mainly CD4) associated with the 
human T cell lymphotropic virus type-1 (HTLV-1). Approxi-
mately 2–5% of the HTLV-1 carriers may develop ATL after a 
latent period of 40–60 years post-infection, which generally 
occurs through breastfeeding. Therefore, leukemogenesis 
in ATL seems to be a long and multi-step process and it is 
thought to involve not only HTLV-1 infection, but also the 
accumulation of genetic and epigenetic alterations during 
the transformation of the infected cells.

ATL is classified into four clinical types: acute, chronic, 
lymphoma and smoldering [1]. The acute and lymphoma 
types have poor prognosis with a median survival time (MST) 
around 4 and 9 months, respectively [2]. The chronic and 
smoldering types are less aggressive [1,2]. Alterations mainly 
in acute ATL patients in the TP53, p15Ink4b and p16Ink4a genes 
have been previously reported in Japan [3–10]. However, 
studies about point mutations in these genes are still very 
limited and do not include the smoldering patients.

In the current study, we evaluated the presence of muta-
tions in TP53, p15Ink4b and p16Ink4a genes in various clinical 
types of ATL. A total of 31 ATL patients from the Complexo 
Hospitalar Universitario Professor Edgar Santos of the Fed-
eral University of Bahia (UFBA), Brazil was included. The 
diagnosis of ATL was based on pre-established criteria, 
positive serology for HTLV-1 (positive ELISA confirmed by 
Western blot or polymerase chain reaction – PCR) and a 
histological and/or cytological diagnosis of leukemia/lym-
phoma of peripheral T-cell origin [1,2]. Cases with prolonged 
survival (more than 5 years) were considered atypical and 
HTLV-1 proviral integration was performed using Southern 
blot or long-inverse PCR. The clinical classification of ATL 
was made according to previous criteria [1]. Sixteen patients 
had the acute, 10 the chronic and five the smoldering type. 
The male-to-female ratio was 18/13 and the mean age was 
45 years, ranging from 19–89 years (Table I). The Welfare 

Ethics Committee of the Climério de Oliveira Hospital, 
UFBA approved this study. Peripheral blood was drawn 
from the patients after obtaining written informed consent 
and before treatment with chemotherapy or a combination 
of zidovudine and interferon-a (IFN-a). DNA from periph-
eral blood mononuclear cells (PBMCs) was extracted using 
blood and a cell culture DNA Mini Kit (Qiagen, Valencia, 
CA). Since patients with smoldering ATL do not have lym-
phocytosis, as observed in acute and chronic types (Table 
I), the PBMC samples of the smoldering ATL were enriched 
with CD4  cells before DNA extraction. So, the PBMC was 
sorted by flow cytometry with mouse anti-human monoclo-
nal antibody CD4-PE (BD Biosciences, San Jose, CA) using 
the FACSAria and CellQuest software (BD Biosciences). The 
percentages of CD4 cells observed in sorted samples var-
ied between 66–98% (Table I). In these samples, DNA was 
extracted using the QIAamp DNA investigator Kit (Qiagen). 
The exons 4–9 of the TP53 gene, exons 1 and 2 of the p15Ink4b 
gene and exons 1–3 of the p16Ink4a gene were amplified by 
PCR and directly sequenced using a BigDye Terminator 
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA). 
The primers used were: sense 5′-GACCTGCTCCTCTGACTG 
CT-3′ and antisense 5′-CATTGAAGTCTCATGGAAG-3′ (TP53, 
exon 4); sense 5’-TGCCGTGTTCCAGTTG CTTTATCT-3’ and 
antisense 5′-ACTGACAACCACCCTT AACCCCTCC-3′(TP53, 
exons 5–6,); sense 5′-GCCACAGGTCTCCCCAAGG-3’ and 
antisense 5’-AGGGGTCAGCGGCAAGCAG A-3′ (TP53, exon 
7); sense 5′-TGCCTCTTGCTTCTCTTTTCC-3′ and anti-
sense 5′-TTACCTCGCTTAGTGCTCC CT-3′ (TP53, exon 8); 
sense 5′-GGAGACCAAGGGT GCAGTTAT-3′ and antisense 
5-′GTTAGTTAGCTACAACCAGGAGCC-3′ (TP53, exon 9); 
sense 5′-CCAGAAGCAATCCAGGCGCG-3′ and antisense 
5′-AATGCACACCTCGCCAA CG-3′ (p15Ink4b, exon 1); sense 
5′-CCCGGCCGGCAT CTCCCATA-3′ and antisense 5′-
CGTTGTG GGCGGCTGGGGAACCT-3′ (p15Ink4b, exon 2);  
sense 5′-CGGAGAGGGGGAGA GCAG-3′ (sense) and 
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antisense 5′-TCCCCTTTTTCCGGAGAATCG-3′ (p16Ink4a, 
exon 1); sense 5′-GGCTCTGACCAT TCTGT-3′ and anti-
sense 5′-AGCTTTGGAAGCT CT CAG-3′ (p16Ink4a, exon 2); 
sense 5′-TTTTCTTTCTGCCCTCTGCA-3′ and antisense 
5′-TGAAGTCGACAGCTTCCG-3′ (p16Ink4a, exon 3). Survival 
of patients was assessed by the Kaplan-Meier method and 
compared using log-rank test; p  0.05 was defined as statis-
tically significant for all tests.

Mutations in TP53 gene were found in five of the 31 (16%) 
patients (Table I). Among them, four presented the acute 
type (#2, #5, #7 and #12), corresponding to 25% of the acute 
patients, and one the chronic type (#18), corresponding to 
10% of the chronic patients. None of the smoldering patients 
showed mutations in these exons, even after the enrichment 
of samples with CD4  cells. The frequency of mutations in 
TP53 is consistent with previous reports from Japan [3–5,7,9]. 
Moreover, we also observed a higher frequency of TP53 
mutations in the acute than in the chronic ATL, as previously 
demonstrated, suggesting that this mutation can be related 
to the development of the aggressive types of ATL [5,6].

All the nucleotide changes were missense mutations 
leading to alterations of the amino acid sequences. Muta-
tions were located in codon 155 (Thr to Asp, patient #2) and 
codon 181 (Arg to His, patient #12) in exon 5, in codon 248 
(Arg to Trp, patients #7 and #18) in exon 7 and in codon 282 
(Arg to Trp, patient #5) in exon 8 (Table I). No mutations were 
observed in exons 4, 6 and 9. In accordance with previous 

reports [3,4,9], they are located in a high conserved region 
corresponding to the DNA binding domain of the p53 protein 
and could have an effect on protein function and structure 
[11]. Predominantly, they were G:C to A:T transition at CpG 
dinucleotides (patients #5, #7, #12 and #18, Table I).

Mutations in codons 248 and 282 in the TP53 gene are 
referred to as hot spots in human cancers. The former has 
been previously reported in ATL [6], but the latter represents 
a new finding. Moreover, according to our knowledge, point 
mutations at codons 155 and 181 are also being reported in 
ATL for the first time. Interestingly, four of the five mutations 
observed here were G:C to A:T transitions at the CpG site, 
leading to amino acid change. Endogenous methylation of 
cytosines and transition of these methylated cytosines to 
thymidines by deamination were suggested as an important 
mechanism for TP53 mutations [12]. We speculate that this 
mechanism may be involved in accumulation of TP53 altera-
tions during ATL development.

We then evaluated whether the presence of point muta-
tion in TP53 is related to survival time of ATL patients. Pre-
vious studies have shown that patients with acute ATL have 
shorter MST than the patients with the less aggressive types 
[2]. Therefore, we evaluated the MST regarding TP53 status in 
the acute type. The MST of the acute patients with mutations 
in TP53 was shorter than the acute patients with the wild type 
TP53 (p   0.047; Figure 1). Our results suggest that aberra-
tions in TP53 may constitute a poor prognostic factor in acute 

Table I. Clinical characteristics and results of TP53 mutation analysis in patients with ATL.

Patients Sub-types Sex Age

Lymphocyte 
count 

( 109/L)
Sorting cell 

(CD4) Mutation
Codon 
(Exon)

Domain 
function

Nucleotide 
change

Amino acid 
change

Predicted effect 
on protein 

function and 
structure*

1 Acute M 41 27.0 2
2 Acute M 63 77.5  155 (5) DNA biding ACC → AAC Thr → Asp Non-functional
3 Acute M 45 36.7 2
4 Acute F 45 5.4 2
5 Acute M 61 91.6  282 (8) DNA biding CGG → TGG Arg → Trp Non-functional
6 Acute M 26 269.0 2
7 Acute M 44 27.6  248 (7) DNA biding CGG → TGG Arg → Trp Non-functional
8 Acute F 22 61.3 2
9 Acute M 35 65.3 2

10 Acute M 66 128.6 2
11 Acute F 57 59.5 2
12 Acute F 73 16.3  181 (5) DNA biding CGC → CAC Arg → His Functional
13 Acute F 64 51.7 2
14 Acute F 39 26.9 2
15 Acute F 19 204.0 2
16 Acute F 45 176.6 2
17 Chronic M 35 4.2 2
18 Chronic M 35 8.1  248 (7) DNA biding CGG → TGG Arg → Trp Non-functional
19 Chronic M 20 30.7 2
20 Chronic M 89 130.0 2
21 Chronic M 40 4.7 2
22 Chronic F 48 5.0 2
23 Chronic M 49 2.1 2
24 Chronic M 32 9.5 2
25 Chronic F 51 11.3 2
26 Chronic M 42 8.4 2
27 Smoldering F 40 3.2 98% 2
28 Smoldering F 46 1.8 93% 2
29 Smoldering M 72 3.5 89% 2
30 Smoldering F 76 4.1 85% 2
31 Smoldering M 67 2.7 66% 2

() point mutation; (2) no point mutation; * Kato et al. [11].
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ATL. Japanese ATL patients with aberrant TP53 had a shorter 
survival than those without mutations, even considering the 
acute and chronic types together [4], forms that have different 
clinical features and outcomes. Nishimura et al. [10], showed 
a tendency for shorter MST in the presence of TP53 altera-
tions (mutations and/or loss of heterozygosity) in patients 
with aggressive ATL (acute and lymphoma). It is noteworthy 
that the importance of TP53 status in ATL patient’s survival 
was shown in two different endemic areas for ATL. The sur-
vival time of the only chronic patient with mutation in TP53 
was 1 month, while the MST of the chronic patients with the 
wild type TP53 was 10 months. Studies with a large number 
of chronic and smoldering patients are required to further 
evaluate the prognostic significance of mutations in TP53 in 
the less aggressive types of ATL.

None of the 31 patients had point mutations in exons 1 
or 2 of the p15Ink4b gene and exons 1, 2 or 3 of the p16Ink4a 
gene. The lack of alterations in p15Ink4b and p16Ink4a is consis-
tent with previous studies [8]. Probably, other mechanisms 
such as deletion and hypermethylation can lead to inactiva-
tion of these genes in ATL [8,10,13]. In patient #10 a single 
nucleotide substitution at codon 140 in exon 2 of p16Ink4a 
was found. This alteration is a G:C to A:T transition at CpG 
dinucleotide, leading to alanine to histidine change, and was 
first reported as a point mutation, but now it is considered to 
represent a polymorphism [14]. Unfortunately, normal tissue 
was not available for comparative genotyping as this patient 
5 five days after diagnosis.

The evaluation of TP53 gene may be a useful tool  
for prognostic evaluation and appropriate therapeutic deci-
sions in acute ATL, as the combination of zidovudine and 
IFN-a seems to produce therapeutic effects through the  
p53 pathway [15].

Potential conflict of interest: Disclosure forms provided 
by the authors are available with the full text of this article at 
www.informahealthcare.com/lal 

References
Shimoyama M. Diagnostic criteria and classification of clinical [1] 

subtypes of adult T-cell leukaemia-lymphoma. A report from the 
Lymphoma Study Group (1984-87). Br J Haematol 1991;79:428–437.

Bittencourt AL, da Gracas Vieira M, Brites CR, et al. Adult T-cell [2] 
leukemia/lymphoma in Bahia, Brazil: analysis of prognostic factors in 
a group of 70 patients. Am J Clin Pathol 2007;128:875–882.

Uchida T, Kinoshita T, Watanabe T, et al. The CDKN2 gene [3] 
alterations in various types of adult T-cell leukaemia. Br J Haematol 
1996;94:665–670.

Tawara M, Hogerzeil SJ, Yamada Y, et al. Impact of p53 aberration [4] 
on the progression of Adult T-cell Leukemia/Lymphoma. Cancer Lett 
2006;234:249–255.

Furukawa Y, Tara M, Izumo S, et al. HTLV-I viral escape and host [5] 
genetic changes in the development of adult T cell leukemia. Int J 
Cancer 2006;118:381–387.

Sakashita A, Hattori T, Miller CW, et al. Mutations of the p53 gene [6] 
in adult T-cell leukemia. Blood 1992;79:477–480.

Nagai H, Kinoshita T, Imamura J, et al. Genetic alteration of [7] 
p53 in some patients with adult T-cell leukemia. Jpn J Cancer Res, 
1991;82:1421–1427.

Sugito S, Yamato K, Sameshima Y, et al. Adult T-cell leukemia: [8] 
structures and expression of the p53 gene. Int J Cancer 1991;49:880–885.

Yamada Y, Hatta Y, Murata K, et al. Deletions of p15 and/or p16 [9] 
genes as a poor-prognosis factor in adult T-cell leukemia. J Clin Oncol 
1997;15:1778–1785.

Nishimura S, Asou N, Suzushima H, et al. p53 gene mutation [10] 
and loss of heterozygosity are associated with increased risk of disease 
progression in adult T cell leukemia. Leukemia 1995;9:598–604.

Kato S, Han SY, Liu W, et al. Understanding the function-structure [11] 
and function-mutation relationships of p53 tumor suppressor protein 
by high-resolution missense mutation analysis. Proc Natl Acad Sci USA 
2003;100:8424–8429.

Cao H, Jiang Y, Wang Y. Kinetics of deamination and Cu(II)/[12] 
H2O2/Ascorbate-induced formation of 5-methylcytosine glycol at CpG 
sites in duplex DNA. Nucleic Acids Res 2009;37:6635–6643.

Sato H, Oka T, Shinnou Y, et al. Multi-step aberrant CpG island [13] 
hyper-methylation is associated with the progression of adult T-cell 
leukemia/lymphoma. Am J Pathol 2010;176:402–415.

Cairns P, Mao L, Merlo A, et al. Rates of p16 (MTS1) mutations in [14] 
primary tumors with 9p loss. Science 1994;265:415–417.

Kinpara S, Kijiyama M, Takamori A, et al. IFN-a suppresses HTLV-1 [15] 
expression via PKR in infected cells and renders them susceptible 
to AZT through p53 activation in AZT/IFN-a treatment. Retrovirol 
2014;11(Suppl. 1):O24.

Figure 1. Survival curve of acute ATL patients with mutations in TP53 
gene (solid line) compared with ATL acute patients with wild type TP53 
(dotted line).
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