
ONCOLOGY REPORTS  33:  2017-2022,  2015

Abstract. Larynx cancer is the second most common type 
of cancer among all head and neck cancers. Deregulation of 
epigenetic effectors, including altered expression of histone 
methyltransferases from the MLL (mixed lineage leukemia) 
family, have been reported in many cancer types, yet little is 
known concerning their involvement in larynx cancer. Our 
objective was to determine the expression profile of MLL 
genes in larynx carcinoma and normal adjacent tissues and 
correlate this profile to tumor characteristics. We analyzed the 
expression profile of 5 MLL genes in 13 cases of larynx carci-
noma and their adjacent non-tumor tissues using quantitative 
real-time PCR. MLL3 was significantly downregulated in 
tumor samples compared to their normal counterparts, and all 
MLL genes showed decreased expression in advanced tumors 
compared to tumors in the initial stage. Altered expression in a 
single MLL gene was associated with a similar alteration in the 
other MLL genes, revealing a strong correlation of expression 
in each individual patient. In conclusion, MLL genes may have 
similar transcriptional control, and decreased expression of 
these genes may contribute to larynx cancer progression.

Introduction

Larynx cancer is the second most common among all head 
and neck cancers, representing 2% of all malignant diseases 
worldwide, with 140,000 cases occurring every year (1). In 

Brazil alone, there is an estimated risk of 7 cases for every 
100,000 men. Usually, affected men are over the age of 
40 years. The registered incidence of this cancer in women 
is very low, accounting for less than 1 case for every 100,000 
women. The disease can cause hoarseness, dysphagia, odyno-
phagia, pain and other symptoms, according to the affected 
site (supraglottis, glottis, subglottis). Early detection leads to a 
better prognosis, enabling a cure in the majority of the cases, 
while patients with advanced tumors usually succumb to the 
disease (2). Tobacco is the main associated risk factor, with a 
positive correlation of duration and intensity of smoking and 
increased risk for larynx cancer. Other risk factors include 
alcohol consumption, occupational exposures and various 
dietary habits. Moreover, the risk for larynx cancer increases 
with the combined effect of smoking and alcohol consumption 
(2). Studies concerning the association of human papilloma-
virus (HPV) infection with larynx cancer are heterogeneous 
and inconclusive, yet HPV infection appears to be associated 
with the risk of larynx cancer, particularly with the high-risk 
type HPV16 (3).

Almost all cancers occurring in the head and neck are 
squamous cell carcinomas. Although they have the same 
histological characteristics, they appear to have genetic and 
epigenetic differences, depending on the site. Allelic loss 
leading to the loss of function of tumor-suppressor genes are 
an important alteration in larynx tumors, such as the loss of 
heterozygosity (LOH) at 9p21, a region harboring the cell 
cycle regulator p16 gene (4). LOH at 8p was also found to be 
common in larynx and oral squamous cell carcinoma and 
appears to be involved in early carcinogenesis (5). Some studies 
have shown that promoter hypermethylation of cancer-related 
genes are common events in head and neck cancers, which 
include the larynx. Hypermethylation of p16, DAP-kinase, 
E-cadherin and MGMT genes have been reported in larynx 
cancer (6). Another study showed that promoter methylation 
of at least one of these genes (p16, DAP-kinase, E-cadherin 
and RASSF1A) was present in 60% of head and neck cancers, 
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including larynx cancer (7). However, to date, little information 
is available concerning the epigenetic alterations occurring in 
larynx cancer.

Although DNA methylation is one of the most studied 
epigenetic changes in cancer, it is believed that other regula-
tors of chromatin methylation are involved in the process of 
carcinogenesis. Recently, post-translational modifications of 
histone tails through methylation of specific lysine residues, 
catalyzed by histone methyltransferases (HMTase), have been 
associated with many types of cancer  (8). Deregulation of 
histone methylation affects important biological processes, 
such as transcription regulation, DNA repair and chromosome 
stability, but differently from genetic mutations, epigenetic 
alterations are potentially reversible (9).

The MLL (mixed lineage leukemia) family of genes [MLL 
(ALL-1), MLL2/KMT2D, MLL3, MLL4/KMT2B and MLL5] 
encodes histone-modifying enzymes characterized by a 
conserved catalytic SET domain, responsible for the methyl-
transferase activity in histone 3 - lysine 4. Many of the MLL 
genes have been described to be involved in different types of 
cancer (8), but to date there are no data concerning the rela-
tionship of these genes with larynx cancer.

While prevention can be the most important strategy for 
the control of larynx cancer, the knowledge of molecular 
alterations can provide a better understanding of the disease, 
providing more predictive information and contributing 
to early diagnosis, risk stratification of patients and new 
perspectives of treatment. Despite the development of new 
technologies and the advances achieved in cancer research, 
little is known concerning the molecular changes occurring in 
larynx cancer as well as the epigenetic alterations involved in 
the initiation and progression of this disease. In addition, the 
survival of patients with larynx cancer has not improved over 
the last 30 years, with data showing a downward trend (10). 
In the present study, we analyzed the expression profile of the 
5 MLL family genes in 13 cases of larynx carcinoma and their 
adjacent non-tumor tissues.

Materials and methods

Patients and controls. Thirteen patients diagnosed with larynx 
squamous cell carcinoma were included in the present study. 
The adjacent non-tumor tissue from each of the patients was 
used as a control. Written informed consent was obtained from 
all participants and, based on resolution 196/96 of the National 
Health Council/Brazilian Ministry of Health, approval for this 
study was obtained from the ethics committee at the University 
Hospital of the Medical School of Ribeirão Preto, University 
of São Paulo, Brazil. Identification of tumor type and content 
(minimally 80% tumor) was determined by microscopic 
pathological analysis.

Tissue microdissection. Fragments of 0.5-1 cm of the tumor 
and of the adjacent non-tumor tissues were removed during 
tumor resection surgery. The tissues were immediately 
immersed into liquid nitrogen and stored at -180˚C. Before 
RNA extraction, a cryostat section of the tumor sample was 
examined under a microscope, and the frozen blocks were 
dissected by apposition, trimming off non-neoplastic or 
necrotic areas.

RNA extraction and cDNA synthesis. Total RNA was isolated 
from the surgically removed specimens using TRIzol LS 
reagent, according to the manufacturer's protocol (Invitrogen, 
Carlsbad, CA, USA). Complementary DNA was synthesized 
from total RNA obtained from the clinical samples with 
reverse transcriptase and random primers, using the Applied 
Biosystems High Capacity cDNA Reverse Transcription kit 
(Applied Biosystems, Carlsbad, CA, USA), according to the 
manufacturer's protocol.

Quantitative real-time PCR (qPCR). qPCR was performed on 
a StepOnePlus ™ Real-Time PCR System (Life Technologies, 
Carlsbad, CA, USA) using TaqMan Universal PCR Master 
mix and TaqMan Gene Expression Assays for MLL gene 
family (Hs01061596_m1 for MLL, Hs00231606_m1 for 
MLL2/KMT2D, Hs00419011_m1 for MLL3, Hs00207065_m1 
for MLL4/KMT2B and Hs00218773_m1 for MLL5; Applied 
Biosystems). Amplification conditions were as follow: 2 min 
at 50˚C and 10 min at 95˚C on holding stage, and then 40 
cycles of 15 sec at 95˚C and 1 min at 60˚C. Gene expression 
in tumor samples was represented as the ratios between the 
amplification levels of the MLL genes and the levels of the 
endogenous control gene GAPDH, used as a normalization 
factor (Hs02758991_g1 for GAPDH, Applied Biosystems). 
This ratio was then normalized to the ratio obtained in the 
control samples (relative expression level), as explained below 
in ‘qPCR data and statistical analysis’.

qPCR data and statistical analysis. Relative expression was 
calculated using the formula 2-∆∆CT (11), using GAPDH as an 
endogenous control to normalize sample loading. Each normal 
sample was used as reference for its tumor counterpart. Briefly, 
the mean of Ct (cycle threshold) values of the replicates were 
calculated and normalized by subtracting the Ct value of the 
co-amplified endogenous control gene to yield a ∆Ct value. The 
∆Ct of control samples (1X sample) was subtracted from the 
∆Ct of the tumor samples to yield a ∆∆Ct value. The amount of 
target gene, normalized to an endogenous control and relative 
to a reference was converted into relative quantification by the 
formula: 2-∆∆CT.

Prism 5 software (GraphPad Software Inc., San Diego, 
CA, USA) was used to perform statistical analyses. The level 
of significance was set to 5% (CI 95%). The Wilcoxon signed 
rank test was performed to examine differences in the expres-
sion of the MLL genes between pairs of normal and tumor 
samples of the same patient. The Mann Whitney test was used 
to check differences in MLL gene expression between initial 
and advanced stage tumors. The non-parametric Spearman 
test was performed to check the correlation of relative quanti-
fication between MLL gene pairs.

Results

Profile of patients with larynx squamous cell carcinoma. The 
clinical and histopathological characteristics of the 13 patients 
are summarized in Table I. The age of the patients ranged from 
57 to 80 years, with an average age of 65 years. The majority of 
the samples were collected from male patients, reflecting the 
higher incidence of larynx carcinoma in men. The tumor size 
according to the TNM classification was T1, T2, T3 and T4 in 



ONCOLOGY REPORTS  33:  2017-2022,  2015 2019

3, 2, 1 and 7 of the determined cases, respectively. Based on 
this classification, the patients were stratified in initial (6 cases) 
or advanced stage (7 cases) groups for statistical analysis.

MLL3 is downregulated in the tumor samples. The paired 
expression analysis between normal and tumor samples 
from the same patient is shown in Fig. 1. The quantification 
analysis for the tumor and their matching non-tumor samples 
(normal margins) (n=13) revealed a decreased expression level 
tendency for all genes in the tumors when compared to the 
normal samples. Importantly, MLL3 was significantly down-
regulated in the tumor samples when compared to the level in 
their normal counterparts (p=0.0199).

Correlation of the expression of MLL genes. Non-parametric 
Spearman test was performed to check the correlation of rela-
tive quantification among the MLL gene pairs. The mRNA 
expression level of all MLL genes was significantly correlated 
in each individual patient. The altered expression in one gene 
resulted in a similar alteration in the rest of the family (Fig. 2). 
The correlation of each pair of MLL genes was clearly signifi-
cant in our cohort of larynx cancer as shown in Fig. 3. These 
results suggest that the MLL family could have synchronized 
regulatory mechanisms.

MLL genes show decreased expression levels in advanced 
tumors. We examined the expression levels of the MLL genes 
in subgroups of advanced stage tumors versus initial stage 
tumors. Although the statistical difference was not significant, 
this analysis indicated that all of the MLL genes had a decreased 
expression level in the advanced tumors when compared to the 
level in the initial stage of the disease (Fig. 4).

Discussion

Epigenetic alterations, such as deregulated histone methyla-
tion appear to be involved in many types of human cancers. 
Mutations in histone methyltransferases or alterations in their 
expression may strongly contribute to a pattern of deregu-
lated methylation in histones as well as other non-histone 
proteins (12,13). Although increasing new data are revealing 
the involvement of methyltransferases in cancers, their exact 
role in carcinogenesis remains to be elucidated. In this 
scenario, our knowledge concerning the epigenetic modifica-
tions in larynx cancer is even poorer. While prevention and 
early diagnosis are essential for the management of larynx 
cancer, which improves the quality of life and survival of 
patients, the understanding of epigenetic alterations involved 

Figure 1. Expression analysis of MLL genes in 13 pairs of normal and tumor clinical samples. Each normal sample was used as a reference for its tumor 
counterpart. Wilcoxon signed rank test (CI 95%).

Table I. Clinical characteristics of the 13 larynx cancer patients.

Characteristics	 Data

Total, n (%)	 13 (100)
Gender, n (%)
  Male	 12 (92.3)
  Female	   1   (7.7)
Age, years
  Average	 65
  Range	 57-80
Age at diagnosis, years
  Average	 59
  Range	 51-75
Use of tobacco, n (%)
  Yes	 11 (84.6)
  No	   0   (0.0)
  NA	   2 (15.4)
Use of alcohol, n (%)
  Yes	 11 (84.6)
  No	   0   (0.0)
  NA	   2 (15.4)
Treatment, n (%)
  Surgery only	   6 (46.15)
  Surgery and radiotherapy	   6 (46.15)
  Surgery, radio and chemotherapy	   1   (7.70)
Stage, n (%)
  T1	   3 (23.0)
  T2	   2 (15.4)
  T3	   1   (7.7)
  T4	   7 (53.9)

NA, not available.
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in this disease could provide valuable insight into the devel-
opment of new diagnostic or prognostic markers and new 
perspectives of therapy.

Sparse information is available concerning the epigenetic 
alterations occurring in larynx squamous cell carcinoma. A 
recent study showed that DNA methyltransferase 1 (DNMT1) 
was overexpressed in tobacco-induced larynx cancer, which 
was associated with a worse prognosis (14). Another study 
revealed an increased expression of H3 (Histone 3) in larynx 
cancer when compared to normal tissue and suggested that 
since H3 synthesis is coupled with DNA replication, it can 
be used as a marker of cell proliferation (15). Corroborating 
this observation, HIST1H3F, a member of the histone 3 
family, showed elevated expression levels in high-risk 
larynx cancer (16). However, to date, there is no informa-
tion concerning the role of the MLL gene family in larynx 
cancer. Nonetheless, recent studies have linked alterations of 
these genes with different types of cancer. MLL genes appear 
to maintain the expression of Hox genes during develop-
ment (17) and are frequently associated with chromosomal 
translocations in leukemia (18). A comprehensive study of the 
MLL family in breast cancer revealed a reduced expression of 
MLL2/KMT2D in that cancer (19). In addition, MLL2/KMT2D 
was shown to be mutated in lymphoma patients (20,21). MLL3 
is located in a region (7q36.1) usually deleted in leukemia (22). 
MLL4/KMT2B maps to 19q13.1, a region frequently rearranged 
in human cancer  (23). MLL5 has a different SET domain 
sequence and may function in a different manner from the rest 
of the MLL family (24). Acute myeloid leukemia patients with 
low MLL5 expression were found to have a worse outcome, 
when compared to patients with high transcript levels (25).

Herein, we analyzed the expression profile of the MLL 
genes in 13 cases of larynx carcinomas and their adjacent non-
tumor tissues. The paired analysis, using adjacent non-tumor 
tissue of each patient as its normal control, provided a reliable 
control group for the expression profile analysis. In addition, 
tissue microdissection allowed an accurate selection of the 
tumor area, trimming off all non-neoplastic or necrotic areas 
that might affect the gene expression results.

In our cohort, the MLL3 gene showed a decreased expression 
in tumor samples compared to that in the normal counterparts 
(p=0.0199). MLL3 is located on chromosome 7q36.1 and has 
been associated with different types of cancers. MLL3 presents 
inactivating mutations in medulloblastoma (26) and colorectal 
cancer (27). Moreover, it shows reduced expression in primary 
breast tumor samples (28) and radioresistant esophageal cancer 
cell lines (29). A recent study showed that exome sequencing 
identified a germ line mutation in MLL3, producing a truncated 
protein, in a pedigree of colorectal cancer and acute myeloid 
leukemia (30). These results suggest that MLL3 acts as a tumor 
suppressor in cancer development. MLL3 forms a steady-state 
complex with ASC-2, a multifunctional coactivator of nuclear 
receptors and other transcription factors. This complex called 
ASCOM interacts with p53 and is required for expression of 
p53-target genes in response to DNA damage. These results 
indicate a role of MLL3 in the DNA damage response pathway 
through p53 activation (31). The downregulation of MLL3 in 
larynx cancer may therefore impair the DNA damage response 
contributing to the proliferation of cancer cells. However, this 
hypothesis must be further investigated.

Although MLL3 was the only member of the MLL family 
genes to be significantly downregulated in all tumor samples, 

Figure 2. Relative quantification of the MLL genes for each patient, including initial and advanced cases of larynx cancer.
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we observed a strong correlation in the expression of all 5 genes 
in each individual patient. Using the non-parametric Spearman 

correlation analysis, we found that an altered expression in one 
MLL gene was correlated to a similar alteration in the other 

Figure 3. Correlation analysis of the relative quantification of the  MLL genes in 13 tumor clinical samples. Spearman correlation test (CI 95%).

Figure 4. Expression analysis of MLL genes in advanced (n=7) and initial stage (n=6) tumor samples. Mann Whitney U test (CI 95%).
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genes of the family, for every combination of 2 genes. These 
results suggest that all MLL family genes may have a common 
regulatory mechanism. To date, there is no clear information 
on a possible complementary function of all 5 MLL genes, 
and further studies are necessary to unveil whether they have 
the same transcription factors, microRNA regulators or other 
types of synchronized regulation.

Based on clinical and histopathological classification, we 
stratified the larynx cancer patients in groups according to 
advanced and initial stage disease. Of note, we found that all of 
the MLL genes showed decreased expression in the advanced 
stage tumors when compared to the initial stage tumors. 
Although the statistical difference was not significant, which 
was probably due to the small number of cases, we observed 
a clear tendency of decreased expression levels for all MLL 
genes in patients with advanced disease.

The correlation among the MLL genes in larynx cancer 
highlights the importance of this family in the progression of 
this disease. Further studies will reinforce the significance of 
the dowregulation of MLL3 for larynx carcinogenesis and will 
help to elucidate the mechanisms by which MLL genes act on 
larynx cancer progression.

Acknowledgements

We thank Amélia Goes de Araújo for the technical support. 
The present study was funded by CNPq (National Council of 
Technological and Scientific Development) (no. 482869/2009-7 
and 485868/2013-0); CAPES (Coordination for the Improvement 
of Higher Education Personnel) (no.  23038.007324/2011-
16); and FAPDF (Federal District Research Foundation) 
(no. 0193.000.495/2009).

References

  1.	Ferlay J, Soerjomataram I, Ervik M, et al: GLOBOCAN 2012 
v1.0, Cancer Incidence and Mortality Worldwide: IARC 
CancerBase No. 11, (internet). Lyon: International Agency for 
Research on Cancer; 2013 Available from: http://globocan.iarc.fr. 

  2.	INCA: Estimate 2014: Cancer Incidence in Brazil, 2014.
  3.	Li X, Gao L, Li H, et al: Human papillomavirus infection and 

laryngeal cancer risk: a systematic review and meta-analysis. J 
Infect Dis 207: 479-488, 2012.

  4.	Shiga K, Ogawa T, Katagiri K, Yoshida F, Tateda M, Matsuura K 
and Kobayashi T: Differences between oral cancer and cancers 
of the pharynx and larynx on a molecular level. Oncol Lett 3: 
238-243, 2012.

  5.	El-Naggar AK, Coombes MM, Batsakis JG, Hong WK, 
Goepfert H and Kagan J: Localization of chromosome 8p regions 
involved in early tumorigenesis of oral and laryngeal squamous 
carcinoma. Oncogene 16: 2983-2987, 1998.

  6.	Dikshit RP, Gillio-Tos A, Brennan P, et al: Hypermethylation, 
risk factors, clinical characteristics, and survival in 235 patients 
with laryngeal and hypopharyngeal cancers. Cancer 110: 
1745‑1751, 2007.

  7.	Hasegawa M, Nelson HH, Peters E, Ringstrom E, Posner M and 
Kelsey KT: Patterns of gene promoter methylation in squamous 
cell cancer of the head and neck. Oncogene 21: 4231-4236, 2002.

  8.	Albert M and Helin K: Histone methyltransferases in cancer. 
Semin Cell Dev Biol 21: 209-220, 2010.

  9.	Varier RA and Timmers HT: Histone lysine methylation and 
demethylation pathways in cancer. Biochim Biophys Acta 1815: 
75-89, 2011.

10.	Siegel R, Ma J, Zou Z and Jemal A: Cancer statistics, 2014: 
Cancer Statistics, 2014. CA Cancer J Clin 64: 9-29, 2014.

11.	Pfaffl MW: A new mathematical model for relative quantification 
in real-time RT-PCR. Nucleic Acids Res 29: e45, 2001.

12.	Greer EL and Shi Y: Histone methylation: a dynamic mark in 
health, disease and inheritance. Nat Rev Genet 13: 343-357, 2012.

13.	Kunizaki M, Hamamoto R, Silva FP, et al: The lysine 831 of 
vascular endothelial growth factor receptor 1 is a novel target 
of methylation by SMYD3. Cancer Res 67: 10759-10765, 2007.

14.	Wang J, Xu Y, Li J, Sun X, Wang L-P and Ji W-Y: The tobacco-
specific carcinogen NNK induces DNA methyltransferase 1 
accumulation in laryngeal carcinoma. Oral Oncol 48: 541-546, 
2012.

15.	Kapral M, Strzalka-Mrozik B, Kowalczyk M, Paluch J, Gola J, 
Gierek T and Weglarz L: Transcriptional activities of histone H3, 
cyclin D1 and claudin 7 encoding genes in laryngeal cancer. Eur 
Arch Otorhinolaryngol 268: 709-714, 2011.

16.	Mirisola V, Mora R, Esposito AI, et al: A prognostic multigene 
classifier for squamous cell carcinomas of the larynx. Cancer 
Lett 307: 37-46, 2011.

17.	Yu B, Hess J, Horning S, Brown G and Korsmeyer S: Altered Hox 
expression and segmental identity in Mll-mutant mice. Nature 
378: 505-508, 1995.

18.	Ayton PM and Cleary ML: Molecular mechanisms of leuke-
mogenesis mediated by MLL fusion proteins. Oncogene 20: 
5695-5707, 2001.

19.	Rabello D do A, De Moura CA, De Andrade RV, Motoyama AB 
and Silva FP: Altered expression of MLL methyltransferase 
family genes in breast cancer. Int J Oncol 43: 653-660, 2013.

20.	Morin RD, Mendez-Lago M, Mungall AJ, et al: Frequent mutation 
of histone-modifying genes in non-Hodgkin lymphoma. Nature 
476: 298-303, 2011.

21.	Pasqualucci L, Trifonov V, Fabbri G, et al: Analysis of the 
coding genome of diffuse large B-cell lymphoma. Nat Genet 43: 
830-837, 2011.

22.	Ruault M, Brun M, Ventura M, Roizès G and De Sario A: MLL3, 
a new human member of the TRX/MLL gene family, maps 
to 7q36, a chromosome region frequently deleted in myeloid 
leukaemia. Gene 284: 73-81, 2002.

23.	Mitelman F, Mertens F and Johansson B: A breakpoint map of 
recurrent chromosomal rearrangements in human neoplasia. Nat 
Genet 15: 417-474, 1997.

24.	Emerling B, Bonifas J, Kratz C, et al: MLL5, a homolog of 
Drosophila trithorax located within a segment of chromosome 
band 7q22 implicated in myeloid leukemia. Oncogene 21: 
4849‑4854, 2002.

25.	Damm F, Oberacker T, Thol F, et al: Prognostic importance of 
histone methyltransferase MLL5 expression in acute myeloid 
leukemia. J Clin Oncol 29: 682-689, 2011.

26.	Parsons D, Li M, Zhang X, et al: The genetic landscape of the 
childhood cancer medulloblastoma. Science 331: 435-439, 2011.

27.	Watanabe Y, Castoro RJ, Kim HS, et al: Frequent alteration of 
MLL3 frameshift mutations in microsatellite deficient colorectal 
cancer. PLoS One 6: e23320, 2011.

28.	Wang XX, Fu L, Li X, Wu X, Zhu Z, Fu L and Dong JT: Somatic 
mutations of the mixed-lineage leukemia 3 (MLL3) gene in 
primary breast cancers. Pathol Oncol Res 17: 429-433, 2011.

29.	Fukuda K, Sakakura C, Miyagawa K, et al: Differential gene 
expression profiles of radioresistant oesophageal cancer cell lines 
established by continuous fractionated irradiation. Br J Cancer 
91: 1543-1550, 2004.

30.	Li WD, Li QR, Xu SN, Wei FJ, Ye ZJ, Cheng JK and Chen JP: 
Exome sequencing identifies an MLL3 gene germ line mutation 
in a pedigree of colorectal cancer and acute myeloid leukemia. 
Blood 121: 1478-1479, 2013.

31.	Lee J, Kim DH, Lee S, et al: A tumor suppressive coactivator 
complex of p53 containing ASC-2 and histone H3-lysine-4 
methyltransferase MLL3 or its paralogue MLL4. Proc Natl Acad 
Sci USA 106: 8513-8518, 2009.


