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Abstract: Salivary gland tumors are mostly benign, and malignant tumors are rare. Because of this rarity, there is 
little molecular biology research on salivary gland tumors. Recently, we have published an analysis of the telomere 
length (TL) in salivary gland tumors. In this paper, we analyzed amplification of the catalytic subunit of phosphati-
dylinositol 3-kinase (PIK3CA) and mitochondrial DNA copy number (mtCN) in salivary gland tumors. To investigate 
mutations in PIK3CA, we performed genomic sequencing on samples of salivary gland tumors extracted from pa-
tients. The expression level of PIK3CA mRNA and mtCN were measured by RT-PCR. PIK3CA amplification and mtCN 
did not differ between Warthin’s tumor (WT), pleomorphic adenoma (PA), and carcinoma of the salivary gland. The 
size of the tumor and the molecular profile correlated in three relationships: the size of WT with PIK3CA and with 
mtCN, and the size of PA with TL. We found no correlation between the size of carcinoma and the molecular profile. 
There was no correlation between age and molecular profile in all histologic groups of salivary gland tumor. We 
found no correlation between TL and mtCN in each histologic group. Although we have not found any significant 
results for the molecular profile of salivary gland tumors, our study can be a basis for further studies on other onco-
genes in salivary gland tumors.
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Introduction

Most salivary gland tumors are benign, and 
malignant tumors arising in the salivary gland 
are relatively rare [1, 2]. In the Korean popula-
tion, the incidence of malignant tumors of the 
major salivary gland was 1.0 case per 100,000 
population in 2014, which is only 0.2% of all 
malignancies and about 15% of cancers of the 
head and neck [3]. Mucoepidermoid carcinoma 
is the most common histologic type in the major 
salivary gland, followed by adenoid cystic carci-
noma, adenocarcinoma, and acinic cell carci-
noma. Among parotid tumors, the most com-
mon histopathology of benign tumor is pleo-
morphic adenoma (PA), followed by Warthin’s 
tumor (WT) [4-7]. Among many studies, malig-
nant transformation has been reported at a 
rate of 1.1~6.2% for PA [8-11], and 0.03% for 

all WT cases [12]. Due to the variety of pathol-
ogy and rarity, little is known about the molecu-
lar profiles of salivary gland tumors.

Telomeres are repetitive sequences that pro-
tect chromosomes from shortening on cell divi-
sion at both ends of the chromosome. Telome- 
rase reverse transcriptase (TERT) is a telomer-
ase subunit that regulates and maintains telo-
mere length (TL). Recently, somatic mutations 
in the promoter region of αTERT have been 
found in various cancers including melanoma 
[13, 14], gastric cancer [15, 16], thyroid cancer 
[17], and urothelial cancer [18]. We recently 
reported that there is no correlation between 
histopathologic findings and TL, with little evi-
dence of TERT promoter mutation in salivary 
gland tumors [19]. Mitochondrial DNA (mtDNA) 
is one of the other genes involved in tumorigen-
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esis. Recently, mitochondrial dysfunction has 
been suggested as a critical tumorigenesis 
pathway in human tumors, including salivary 
malignancy [20, 21]. We reported a relationship 
between TL and mtDNA copy number (mtCN) in 
colorectal cancer [22] and gastric cancer [23]. 
However, no studies have reported a relation-
ship between TL and mtCN in salivary gland 
tumors.

Over the past decades, abnormalities of phos-
phatidylinositol 3-kinase (PI3K) signaling path-
way have been evaluated in various human 
cancers including salivary gland malignancy 
[24-26]. The amplification or the mutation of 
the gene encoding the p110α catalytic subunit 
of PI3K (PIK3CA) has been examined as an 
oncogenic abnormality in various cancers [27]. 
The relevance of abnormality of PIK3CA in the 
occurrence of salivary gland tumor, however, is 
not fully characterized yet, especially in the 
Korean population.

We aimed to evaluate PIK3CA amplification and 
mtCN according to histologic type of salivary 
gland tumor. Also, the correlation between TL 
and mtCN was analyzed in salivary gland tu- 
mors. Based on the molecular differences of 
WT, PA, and carcinoma, we sought to reveal the 
underlying molecular mechanisms of malignant 
transformation.

Materials and methods

Patients

We performed a retrospective analysis of 32 
cases of salivary gland tumor between Novem- 

ber 2014 and May 2015. The institutional revi- 
ew board at the Kyungpook National University 
College of Medicine, Daegu, Korea, reviewed 
and approved the study protocol and exempted 
informed consent for this study (IRB no: 2014-
09-002-001). We performed all procedures by 
the tenets of the World Medical Association’s 
Declaration of Helsinki. All patients underwent 
salivary gland resection for their tumor, and 
their clinical data was collected from medical 
records. The histologic type of the collected 
tumor sample was confirmed by a pathologist 
(Table 1). Histologic types of thirty-two cases 
were divided into three groups: 19 PAs, 8 WTs, 
and 5 carcinomas. The five instances of carci-
noma consisted of adenosquamous carcino-
ma, poorly differentiated adenocarcinoma, epi-
thelial-myoepithelial carcinoma, adenoid cystic 
carcinoma, and salivary duct carcinoma. After 
curative resection, some part of the tumor was 
sampled for this study and underwent DNA 
extraction. DNA was isolated using an Absolute 
TM DNA Extraction kit (BioSewoom, Inc., Seoul, 
Korea), according to the manufacturer’s proto-
col. DNA quantity and quality were measured 
using NanoDrop 1000 (Thermo Fisher Scientic, 
Inc., Pittsburgh, PA, USA).

PIK3CA mutation and amplification

As previously described [28], two hot spot-
regions (exons 9 and 20) of PIK3CA mutation 
were investigated. PCR was done using Ampli- 
Taq Gold (Applied Biosystems, USA). The PCR 
conditions were as follows: 1 cycle of 95°C for 
11 min, 40 cycles of 95°C for 30 sec, 55°C for 
40 sec, and 72°C for 1 min, followed by one 

Table 1. Descriptive statistics according to the histologic group of salivary gland tumors
Pleomorphic adenoma  

(N = 19)
Warthin’s tumor  

(N = 8)
Carcinoma  

(N = 5) P value

Sex 0.026
    Male 6 (31.6%) 7 (87.5%) 3 (60.0%)
    Female 13 (86.4%) 1 (12.5%) 2 (40.0%)
Age (years) 40.1 ± 11.1 64.1 ± 5.4 58.8 ± 7.3 < 0.005
Location 0.936
    Parotid gland 16 (84.2%) 7 (87.5%) 4 (80.0%)
    Submandibular gland 3 (15.8%) 1 (12.5%) 1 (20.0%)
Size (cm) 3.0 ± 1.2 3.5 ± 1.3 2.7 ± 0.9 0.476
Telomere length 6.2 ± 8.4 12.3 ± 25.5 3.1 ± 4.5 0.613
PIK3CA amplification 0.5 ± 0.3 0.6 ± 0.2 0.6 ± 0.3 0.428
mtDNA copy number 31.8 ± 85.4 1.1 ± 2.0 1.6 ± 1.2 0.252
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cycle of 72°C for 10 min. Then, direct DNA se- 
quencing for PIK3CA mutation was performed 
using the ABI 3730 DNA sequencer by Bionics 
Inc., Korea.

TL, PIK3CA amplification, and mtCN

Detailed methods for analyzing relative TL, 
PIK3CA amplification, and mtCN were previous-
ly described [22, 23]. Briefly, quantitative mea-
surement of each gene was performed by 
quantitative real-time (qRT) PCR. Specific prim-
ers for telomeric repeats, PIK3CA, and cyto-
chrome oxidase subunit I (COXI, a gene in 
mtDNA) were selected as previously described. 
qRT-PCR was performed on a LightCycler 480 II 
system (Roche Diagnostics, Germany). The rel-
ative values of target gene copies of β-actin or 
β-globin were calculated as previously descri- 
bed. Each measurement was repeated in tripli-
cate, and five serially diluted control samples 
were included in each experiment.

Statistical analysis

R 3.4 and the ggplot2 package were used for 
statistical analysis and plotting [29, 30]. Pe- 
arson’s Chi-square test, ANOVA test, Mann-
Whitney U test, and Spearman’s rank correla-
tion analysis were used to analyze the relation-
ship between variables as described in the 
results section. P values < 0.05 were consid-
ered significant, and all p values correspond to 
two-sided significance tests.

Results

PIK3CA amplification and mtCN were not dif-
ferent according to histologic characteristics of 
salivary gland tumors

We examined whether the characteristics of 
salivary gland tumors differ according to histo-
logic characteristics. We used sequencing me- 
thods to investigate whether PIK3CA mutations 
and amplifications differ by histologic cha- 
racteristics. Unfortunately, no PIK3CA mutation 
was found in any of the 32 cases. The mean 
and standard deviation of PIK3CA amplification 
were as follows by histologic type: 0.5 ± 0.3 for 
WT, 0.6 ± 0.2 for PA, and 0.6 ± 0.3 for carcino-
ma. A difference between histologic groups of 
the salivary gland tumor was not found in 
PIK3CA amplification (Figure 1A, ANOVA test, P 
= 0.673). We investigated whether the mtCN 
differs depending on the histologic characteris-
tics of the salivary gland tumor. The means and 
standard deviation of mtCN were, by histologic 
type: 31.8 ± 85.4 for WT, 1.1 ± 2.0 for PA, and 
1.6 ± 1.2 for carcinoma. Although investigation 
on the mtCN revealed that mtCN of WT was 
higher than other histologic groups, there was 
no statistical difference (Figure 1B, ANOVA 
test, P = 0.353).

Correlation of the size of salivary gland tumor 
with TL, PIK3CA amplification, mtCN

We investigated whether TL, PIK3CA amplifica-
tion, and mtCN correlate with the size of the 
salivary gland tumor (Figure 2). Spearman’s 

Figure 1. Box plots of the values including PIK3CA amplification (A) and mtCN (B) for each histology group. The verti-
cal line extends from the smallest non-outlier to the largest non-outlier. The box was drawn from 25 percentiles to 
75 percentiles. The thick horizontal line in the box means the median of the data. PA, pleomorphic adenoma; WT, 
Warthin’s tumor; CA, malignant cancer; etc, another benign tumor.
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rank correlation analysis was performed sepa-
rately for each of the three gene expression 
profiles for each of the three tumor groups; 
thus, nine correlational analyses were per-
formed. The correlation between tumor size 
and TL was statistically significant in PA (P = 
0.040); whereas, PIK3CA amplification and 
mtCN correlated with tumor size in WT (P = 
0.020 and 0.002, respectively). Except for 
these, however, no correlation was observed.

No correlation between the 
age and TL, PIK3CA amplifica-
tion, mtCN

We investigated whether TL, PI- 
K3CA amplification, and mtCN 
correlate with the age of pa- 
tients with salivary gland 
tumor. As with size analysis, 
Spearman’s rank correlation 
analysis was performed. How- 
ever, all of the correlation anal-
yses were not statistically sig- 
nificant.

No correlation between TL and 
the mtCN of salivary gland 
tumor

We have reported correlations 
between TL and mtCN in co- 
lorectal cancer [22] and gastric 
cancer [23]. Thus, we investi-
gated whether TL correlates 
with mtCN of the salivary gland 
tumor (Figure 3). As previously 
done, Spearman’s rank corre-
lation analysis was performed. 
However, there was no correla-
tion between TL and mtCN in 
WT, PA, and carcinoma (P = 
0.595, 0.399, and 0.950, re- 
spectively).

Discussion

Salivary gland tumors, includ-
ing malignancy, represent a he- 
terogeneous group of patholo-
gy, so it is difficult to under-
stand their molecular patho-
genesis and genetic altera-
tions. As is well known, PA is 
the most common benign tu- 

mor of the parotid gland, and the World Health 
Organization classification reported that 3-4% 
of all pleomorphic adenomas become malig-
nant [31]. Carcinoma ex-pleomorphic adenoma 
(CXPA) is defined as a carcinoma arising from a 
primary or recurrent PA [8, 32]. Unlike PA, 
Warthin’s tumor presents less than a 1% risk of 
malignant transformation [12]. We collected 32 
surgically treated salivary tumors and analyzed 
their clinicopathologic and molecular biologic 

Figure 2. Scatter plot of telomere length (A), PIK3CA amplification (B), and 
mtDNA copy number (C) with tumor size according to histologic group of the 
salivary gland tumors. PA (closed circle), pleomorphic adenoma; WT (closed 
triangle), Warthin’s tumor; CA (closed rectangle), carcinoma; mtCN, mtDNA 
copy number.
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characteristics for various histologic types. By 
dividing three groups such as PA, WT, and carci-
noma, we expected to reveal differences of 
molecular characteristics according to their 
known malignant potential. 

The mechanism of malignant transformation is 
still unclear, and the accumulation of genetic 
instabilities is one of the possible hypotheses. 
In a study with CXPA, they found that an onco-
genic rearrangement of PLAG1 (pleomorphic 
adenoma gene 1) and HMGA2 (high mobility 
group A2) persisted [33]. In addition, the immu-
nohistochemical staining of CXPA showed high 
expression of Ki-67, p53, and HER-2 protein. 
For those reasons, several studies tried to 
reveal the relevance of those proteins in the 
malignant transformation of PA [34, 35].

PI3K/Akt pathway has been well known to rep-
resent an important regulator of cellular pro- 
liferation, survival, and motility, and through 
many studies, the pathway might be involved in 
malignant transformation of many different 
cancers. The relationship of salivary gland can-
cer and PIK3CA mutation has been already 
studied, and especially in salivary duct carci-
noma, PIK3CA mutations frequently occurred 
[24, 25]. In our study, there was no significant 
difference in PIK3CA amplification among the 3 
groups. WT showed slightly decreased PIK3CA 
amplification with no statistical significance. 
Our malignancy group was heterogeneous, but 

dysfunctional telomeres result, and genomic 
instability is induced. Thus, the risk of activa-
tion of telomere maintenance mechanisms and 
oncogenesis could be increased [37]. Our 
results of TL showed no differences between 
the three groups. This result is inconsistent 
with other previous studies which compared PA 
and CXPA [38]. This result might reflect the 
small size and heterogeneity of the carcino-
mas. Interestingly, there were no differences in 
TL between WT and PA. 

There are recent reports that the shortening of 
TL and mitochondrial dysfunction co-contribute 
to aging [39, 40] and degenerative disease 
[41]. We previously reported that genetic chan- 
ge in mtDNA could be associated with the tubu-
lar adenoma-carcinoma sequence in colorectal 
carcinoma [42]. We also reported that TL was 
associated with mtCN in normal tissues and 
colorectal cancer, but not in the precancerous 
lesions of colorectal cancer [22]. Here, we ana-
lyzed the association of TL and mtCN in the 
benign and malignant tumor of the salivary 
gland; however, no correlation was found.

Patient age did not affect the cancer-related 
gene profile, but the size of PA showed a signifi-
cant relationship with TL. The incidence of ma- 
lignant transformation has been known to 
increase with the length of history of PA, from 
1.5% at five years to 10% after 15 years [8]. 
Based on the dividing properties of tumor cells, 

Figure 3. Scatter plot of mtDNA copy number with TL according to histo-
logic group of the salivary gland tumors. The black continuous line and a 
gray area denote linear regression line and residual value by Spearman 
correlation analysis. PA (closed circle), pleomorphic adenoma; WT (closed 
triangle), Warthin’s tumor; CA (closed rectangle), carcinoma; mtCN, mtDNA 
copy number.

another study revealed that 
PIK3CA amplification is pres-
ent in only 29% of adenocystic 
carcinoma [36]. Considering 
the aforementioned studies 
and our study with a small nu- 
mber of malignant salivary tu- 
mors, more cases of malignant 
tumors should be recruited, 
and histologic types of malig-
nancies should be studied sep-
arately to clarify the role of 
PIK3CA amplification in sali-
vary gland tumors.

Telomeric DNA undergoes pro-
gressive shortening with each 
cell division, and consequently, 
cells manifest apoptosis. When 
apoptosis is blocked by dis-
rupting regulating pathways 
such as p53 or Rb pathways, 
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the size of the tumor reflects the length of his-
tory of PA, during which the possibility of ma- 
lignant transformation to CXPA increases. 
Therefore, the correlation between tumor size 
and TL in PA suggests that TL may be a marker 
of malignant transformation of PA.

Several studies have revealed an association 
with genetic profile and salivary malignancy. 
The novelty of our study is that we compared 
three tumor types that have different malignant 
potential: WT with very low malignant potential, 
PA with low-moderate malignant potential, and 
carcinoma. We tried to show differences of can-
cer-related gene profiles according to known 
malignant potential of benign salivary gland 
tumor. However, we had a small size in the  
carcinoma group, and it was heterogeneous. 
Therefore, a further large-scale study is nee- 
ded.

In conclusion, PA and WT are the most common 
benign tumors of the parotid gland, and they 
are known to have malignant transformation 
potential. We tried to show differences in can-
cer-related gene profiles such as PIK3CA ampli-
fication, TL, and mtCN. However, there were no 
differences between WT, PA, and carcinoma. 
The size of PA showed a significant relationship 
with TL. Although we have not found any signifi-
cant results for the molecular profile of salivary 
gland tumors, our study can be a basis of fur-
ther studies on other oncogenes in salivary 
gland tumors.
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