
1Scientific Reports |         (2019) 9:11823  | https://doi.org/10.1038/s41598-019-47895-x

www.nature.com/scientificreports

CCT α is a novel biomarker for 
diagnosis of laryngeal squamous 
cell cancer
Jinpu Yang1, Zhuping Zhang2, Yin Zhao1, Jinzhang Cheng1, Chang Zhao1 & Zonggui Wang1

Choline phosphate-based delivery systems can target the acidic tumor microenvironment. In this 
study, we set out to evaluate the diagnostic value of Choline phosphate cytidylyltransferase-α 
(CCTα) in laryngeal squamous cell cancer (LSCC). The expression of CCTα was detected using 
immunohistochemistry in 50 LSCC patients’ tissues and 16 vocal polyps as control group. Then, clinical 
data was collected and we used receiver operating characteristic curve (ROC) to estimate the potential 
of CCTα as diagnostic biomarker. We found CCTα levels to be significantly high in the tissues derived 
from LSCC patients, (p < 0.001). Further, we observed a positive correlation of CCTα with tumor size 
(p < 0.001), TNM stage (p < 0.001), lymph node metastasis (p < 0.001) as well as the grade of LSCC 
malignancy (p < 0.001). Furthermore, AUC was determined to be 0.939 by ROC, and the optimal 
cutoff value 3.100, with 76.0% sensitivity and 100% specificity. We also found an epigenetic basis of 
CCTα over-expression in LSCC tissues with significantly reduced methylation of CCTα in LSCC tissues, 
compared to vocal polyps (p < 0.001). These results support epigenetically-induced over-expression of 
CCTα as a potential diagnostic marker for LSCC.

Laryngeal cancer accounts for 2–5% of new malignancies worldwide1. Approximately, 12410 new cases of laryn-
geal cancer are estimated to be reported in the United States, as reported for 2019 recently2 and in China, the 
incidence of laryngeal cancer is quite alarming3,4. Laryngeal squamous cell carcinoma (LSCC) is the major malig-
nant tumor of the larynx, accounting for 85–90% of all laryngeal tumors1. The progression of LSCC is a complex 
and not completely understood5. Despite tremendous therapeutic advances in recent decades, improvements in 
the patients’ 5-year survival rate are still minor2,5, which could be probably attributed to late-stage diagnosis and 
other complex factors.

Phospholipids, being prominent in cell membranes, play an important role in cell division by supplying 
membrane components. Further, induction of phosphatidyl choline biosynthesis is critical for cell proliferation6. 
Choline phosphate cytidylyltransferase-α (CCTα) is involved in phosphatidyl choline synthesis7. It was reported 
that CCTα may be a promising biomarker for few other cancers8. However, the diagnostic role of CCTα in 
LSCC, if any, has never been reported. We, therefore, designed this study to evaluate CCTα in LSCC through 
immunohistochemistry (IHC) and to evaluate the association of CCTα with clinicopathology of LSCC patients. 
Meanwhile, the epigenetic basis of differential expression of CCTα was also determined to complete our under-
standing of how CCTα expression might differ between control populations and LSCC patients.

Materials and Methods
Ethical considerations.  Approval for this retrospective analysis was obtained from the institutional 
research ethics board of the Jilin University prior to enrolment (1106/2015). All the methods were performed in 
accordance with the relevant guidelines and regulations.

Patient characteristics.  50 blocks of paraffin-embedded LSCC samples were obtained from the 
Department of Otolaryngology, Head and Neck Surgery, The Second Hospital of Jilin University, operated and 
treated in 2009–2012. 16 vocal polyp blocks served as control. Informed consent was obtained from all patients. 
Patients with recurrence or a previous history of cancer were excluded. This study comprised of 40 male and 10 
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female patients with an average age of 59.8 years (age range: 44–79 years). Stage categories were based on TNM 
Classification of Malignant Tumours.

Immunohistochemistry.  Specimens of laryngeal carcinomas and benign lesions were removed and fixed 
in 4% paraformaldehyde (PFA) in phosphate-buffered saline (PBS) overnight at 4 °C, embedded in paraffin and 
sectioned at 4 μm. Deparaffiisation, hydration and epitope demasking were carried out with a microwave antigen 
retrieval procedure in sodium citrate buffer for 5 min. Then sections were treated with 3% H2O2 for 20 min to 
quench endogenous peroxidase activity and blocked with 5% bull serum albumin (BSA) for 20 min. The primary 
antibody used were goat anti-rabbit anti-CCTα (1:50, ab109263, Abcam, Cambridge, UK). Slides stained with 
primary antibodies were incubated at 4 °C overnight. Then the slides were incubated with an anti-rabbit IgG 
antibody at room temperature for 30 minutes. The binding of the primary antibody to the sections was visualized 
by using DAB Substrate-Chromogen Solution (Dako Cytomation, Carpinteria, CA, USA), the sections were then 
counterstained with hematoxylin (Beyotime Biotechnology).

Evaluation of immunohistochemical reaction.  Two pathologists, blinded to the study, carried out the 
evaluation independently at x1000 magnification, using Eclipse Ni-U (Nikon, Japan) upright microscope coupled 
with visual circuit and NIS Elements F (Nikon) software for computer image analysis. The evaluation of CCTα 
expression was determined with the use of five-point evaluation scale9, taking into account the intensity of colour 
reaction (score 0–3) and percentage amount of positive cancer cells in a given specimen (score 0–4). The final 
result was the product of scores obtained for the evaluation of both parameters and values from 0 to 12 were 
considered9.

Bisulfite conversion of FFPE samples.  To quantitate the differential methylation of FFPE samples, we 
used the FFPE Bisulfite conversion kit from Active Motif (Shanghai, China) and performed the analyses exactly 
as recommended by the manufacturer’s instructions. Primer design for evaluating CCTα-specific methylation 
was done using published method10.

Statistical analysis.  All data were analyzed with SPSS statistical software, version 13.0 (SPSS, Inc, Chicago, 
IL). To evaluate the relationship between the intensity of CCTα expression and LSCC grade, Mann-whitney U 
test and Kruskal-wallis test were used. And Fisher’s exact test was used to determine the association between 
CCTα expression level and clinical and pathological factors. In all analyses, values were considered significant at 
P-value < 0.05.

Results
Evaluation of CCTα in LSCC tissues.  We started the investigation by detecting the differential expres-
sion of CCTα in LSCC patients, compared to controls. For this, we analyzed the expression of CCTα by 
Immunohistochemistry in LSCC tissues and vocal polyps. As seen in Fig. 1, CCTα was significantly up-regulated 
in tissues derived from LSCC patients, as compared to vocal polyps, the controls (p < 0.001).

CCTα and clinicopathological characteristics.  Next, we assessed the correlation between CCTα 
expression and the clinicopathological characteristics, using Fisher’s exact test. As evident from the data pre-
sented in Table 1, CCTα significantly correlated with tumor size (P = 0.013), TNM stage (P = 0.000) and lymph 
node metastasis (P = 0.029). A majority of high CCTα expressing tumors (22 of 38) corresponded to T3-T4 
while a majority of low CCTα expressing tumors (10 of 12) corresponded to T1-T2. For the TNM stage, a major-
ity of high CCTα expressing tumors (27 of 38) correlated with advance stage III-IV tumors while a majority of 
low CCTα expressing tumors (11 of 12) correlated with low grade stage I-II tumors. Similarly, while low CCTα 
expressing tumors had no lymph node metastasis, majority of high CCTα expressing tumors were associated 
with lymph node metastasis. However, we did not find any correlation between CCTα and gender (p = 0.934) or 
age (p = 0.631).

Figure 1.  Detection of expression levels of CCTα in LSCC tissues and vocal polyps. The expression of CCTα in 
LSCC tissues was significantly higher than in controls (p < 0.001).
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Expression of CCTα in LSCC with different degrees of differentiation.  IHC revealed nuclear 
expression of CCTα in LSCC (Fig. 2) in histopathological specimens. The higher the grade of the analyzed LSCC, 
the greater level of expression of CCTα marker, as evident by brown staining. Grade 1 had the lowest expression 
among LSCC samples (Fig. 2B), even though it was higher than the control (Fig. 2A). Grades 2 (Fig. 2C) and 3 
(Fig. 2D) had substantially more CCTα expression than Grade 1, indicating that CCTα expression correlated 
with increasing grade of LSCC. Additionally, CCTα was found to be expressed statistically differently among the 
three grades tested (p < 0.01) (Fig. 3). Combined, the results presented in Figs 2 and 3 support the major conclu-
sion that CCTα expression increases with increasing tumor grade of LSCC.

CCTα as a diagnostic biomarker.  We established ROC curve for the estimation of diagnostic value of 
CCTα, if any, for LSCC (Fig. 4). The AUC value was determined to be 0.939, with 76.0% sensitivity and 100% 
specificity and a 3.100 cutoff value. This observation supports an interpretation that CCTα is a potential bio-
marker for differentiating LSCC patients from the controls.

Methylation of CCTα in LSCC samples.  Inorder to assess the basis of increased expression of CCTα in 
LSCC, we performed CCTα-specific methylation evaluation and found that the methylation of CCTα was signifi-
cantly reduced in LSCC samples (Fig. 5), which may define the underlying cause of increased CCTα expression. It 
is well known that reduced methylation correlates with increased expression of genes11 and therefore our methyl-
ation analysis provides a direct evidence supporting epigenetic regulation of CCTα in tumor microenvironment.

Discussion
LSCC is the predominant laryngeal cancer characterized by long asymptomatic latency and poor prognosis. There 
is an urgent need for finding and validating novel biomarkers to aid in the time diagnosis of patients. A number 
of bio-markers, such as cell motility protein 3 (ELMO3)12, minichromosome maintenance proteins (MCM)9, 
nucleus protein Ki-679, cytokeratin-18 fragment (CK18)13 have been proposed for LSCC by different researchers, 
however, there is almost no clinical data to verify their possible utility in clinics.

CCTα is a rate-limiting enzyme involved in the biosynthesis of phosphatidyl choline that localizes to the 
nucleus7,8,14. It is involved in the formation of nuclear membrane phospholipid bilayer and the nucleoplasmic 
reticulum15, and is critical for cell viability and embryonic development15,16. CCTα plays a role in Ras-transformed 
cells’ anchorage-independent growth17; apoptosis resistance18; cell proliferation19 and synthesis of phosphatidyl 
choline20, all of which have connection with cancer.

Previous reports have demonstrated that CCTα is another nuclear antigen recognized by 8F1, which happens 
to be a commonly used monoclonal antibody for the evaluation of ERCC1 expression8. However, there is no 
information on the diagnostic and prognostic value of CCTα, particularly in LSCC patients. To fill the void in 
our understanding and knowledge, we undertook this study and compared the expression of CCTα in tissues 
derived from LSCC patients representing different grades. As a control, we used the benign lesions from vocal 
polyps. Our results speak for themselves as a very clear difference in expression of CCTα was found in the LSCC 
patients, when compared with controls. Interestingly, increased CCTα expression was noted in higher grade 
LSCC patients, as compared to low grade LSCC patients, which in itself supports a possible use of CCTα in dif-
ferential diagnosis of LSCC.

Further, we elucidated the possible mechanism of up-regulation of CCTα in LSCC patients. In recent years, 
there has been a push towards a better understanding of epigenetic regulations that control cancer21. A sur-
vey of literature revealed that a few tumor suppressors have recently been reported to epigenetically silenced in 

Characteristic Cases

CCTα expression

x2 p-valuesLow N = 12 High N = 38

Gender

    Male 40 9 31 0.007 0.934

    Female 10 3 7

Age (years)

    ≤60 28 6 22 0.231 0.631

    >60 22 6 16

Tumor size

    T1–T2 26 10 16 6.211 0.013

    T3–T4 24 2 22

TNM stage

    Stage I/II 22 11 11 14.560 0.000

    Stage III/IV 28 1 27

Lymph nodes

    N0 28 10 18 4.788 0.029

    N1–N3 22 2 20

Table 1.  Relationship between CCTα expression and clinicopathological characteristics in LSCC. Expression 
intensity: low, 0–3; high, 3–12. Significant differences for the chi-square test are indicated in bold.
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LSCC22,23. Looks like methylation is the major epigenetic mechanism for the regulation of genes in LSCC22,23. 
We, therefore, evaluated methylation of CCTα in our samples and found significantly reduced methylation of 
CCTα in LSCC patients which can surely lead to its over-expression. Our results bear resemblance to the report 

Figure 2.  Positive immunohistochemical reaction (brown nuclei) indicating CCTα antigen expression in 
laryngeal benign lesions and in different histological grades of LSCC. CCTα expression - benign lesion (A) and 
LSCC ((B) Grade 1, (C) Grade 2 and (D) Grade 3).

Figure 3.  Correlation of expression of CCTα with the grade of LSCC malignancy. **p < 0.01.
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on TREX2 in laryngeal cancer recently that also correlated reduced methylation with increased gene and protein 
expression24. These results provide a new direction to the research on LSCC and need to be pursued further.

Based on the results presented here, we conclude that the methylation of CCTα is reduced, leading to its 
over-expression in LSCC patients. Ours is the first report on epigenetic regulation of CCTα in LSCC and its 
possible diagnostic importance. We argue that these interesting findings need to be further corroborated in larger 
clinical studies with a focus on mechanistic aspects and the possible therapeutic targeting of CCTα.

Data Availability
All the data collected for this study has been reported here.

References
	 1.	 Mortality, G. B. D. & Causes of Death, C. Global, regional, and national age-sex specific all-cause and cause-specific mortality for 

240 causes of death, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 385, 117–171, https://doi.
org/10.1016/S0140-6736(14)61682-2 (2015).

	 2.	 Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2019. CA Cancer J Clin 69, 7–34, https://doi.org/10.3322/caac.21551 (2019).
	 3.	 Chen, W. et al. Cancer statistics in China, 2015. CA Cancer J Clin 66, 115–132, https://doi.org/10.3322/caac.21338 (2016).
	 4.	 Liu, Y. et al. Incidence and mortality of laryngeal cancer in China, 2008–2012. Chin J Cancer Res 30, 299–306, https://doi.

org/10.21147/j.issn.1000-9604.2018.03.02 (2018).
	 5.	 Alvarez-Marcos, C. et al. Genetic and protein markers related to laryngeal epithelial precursor lesions and their neoplastic 

progression. Acta Otolaryngol 133, 281–290, https://doi.org/10.3109/00016489.2012.732708 (2013).
	 6.	 Cui, Z. et al. A genetic defect in phosphatidylcholine biosynthesis triggers apoptosis in Chinese hamster ovary cells. J Biol Chem 271, 

14668–14671, https://doi.org/10.1074/jbc.271.25.14668 (1996).
	 7.	 Li, Z. & Vance, D. E. Phosphatidylcholine and choline homeostasis. J Lipid Res 49, 1187–1194, https://doi.org/10.1194/jlr.R700019-

JLR200 (2008).
	 8.	 Vaezi, A. E. et al. Choline phosphate cytidylyltransferase-alpha is a novel antigen detected by the anti-ERCC1 antibody 8F1 with 

biomarker value in patients with lung and head and neck squamous cell carcinomas. Cancer 120, 1898–1907, https://doi.
org/10.1002/cncr.28643 (2014).

	 9.	 Nowinska, K. et al. Correlation between levels of expression of minichromosome maintenance proteins, Ki-67 proliferation antigen 
and metallothionein I/II in laryngeal squamous cell cancer. Int J Oncol 48, 635–645, https://doi.org/10.3892/ijo.2015.3273 (2016).

Figure 4.  Diagnostic value of CCTα via ROC which had a AUC of 0.939, combining with a sensitivity of 76.0% 
and a specificity of 100.0%.

Figure 5.  Comparative percentage of CCTα methylation in control (vocal polyps) Vs. tissues from LSCC 
patients. FFPE samples were used for the analyses. The methylation of CCTα in LSCC tissues was significantly 
lower than in controls (p < 0.001).

https://doi.org/10.1038/s41598-019-47895-x
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.3322/caac.21551
https://doi.org/10.3322/caac.21338
https://doi.org/10.21147/j.issn.1000-9604.2018.03.02
https://doi.org/10.21147/j.issn.1000-9604.2018.03.02
https://doi.org/10.3109/00016489.2012.732708
https://doi.org/10.1074/jbc.271.25.14668
https://doi.org/10.1194/jlr.R700019-JLR200
https://doi.org/10.1194/jlr.R700019-JLR200
https://doi.org/10.1002/cncr.28643
https://doi.org/10.1002/cncr.28643
https://doi.org/10.3892/ijo.2015.3273


6Scientific Reports |         (2019) 9:11823  | https://doi.org/10.1038/s41598-019-47895-x

www.nature.com/scientificreportswww.nature.com/scientificreports/

	10.	 Li, L. C. & Dahiya, R. MethPrimer: designing primers for methylation PCRs. Bioinformatics 18, 1427–1431, https://doi.org/10.1093/
bioinformatics/18.11.1427 (2002).

	11.	 Dilworth, D. & Barsyte-Lovejoy, D. Targeting protein methylation: from chemical tools to precision medicines. Cell Mol Life Sci, 
https://doi.org/10.1007/s00018-019-03147-9 (2019).

	12.	 Haymerle, G. et al. ELMO3 predicts poor outcome in T1 laryngeal cancer. Clin Otolaryngol 42, 1181–1186, https://doi.org/10.1111/
coa.12845 (2017).

	13.	 Barak, V. et al. The Diagnostic and Prognostic Value of Tumor Markers (CEA, SCC, CYFRA 21-1, TPS) in Head and Neck Cancer 
Patients. Anticancer Res 35, 5519–5524 (2015).

	14.	 Wang, Y., Sweitzer, T. D., Weinhold, P. A. & Kent, C. Nuclear localization of soluble CTP:phosphocholine cytidylyltransferase. J Biol 
Chem 268, 5899–5904 (1993).

	15.	 Lagace, T. A. & Ridgway, N. D. The rate-limiting enzyme in phosphatidylcholine synthesis regulates proliferation of the 
nucleoplasmic reticulum. Mol Biol Cell 16, 1120–1130, https://doi.org/10.1091/mbc.e04-10-0874 (2005).

	16.	 Wang, L., Magdaleno, S., Tabas, I. & Jackowski, S. Early embryonic lethality in mice with targeted deletion of the CTP:phosphocholine 
cytidylyltransferase alpha gene (Pcyt1a). Mol Cell Biol 25, 3357–3363, https://doi.org/10.1128/MCB.25.8.3357-3363.2005 (2005).

	17.	 Arsenault, D. J., Yoo, B. H., Rosen, K. V. & Ridgway, N. D. ras-Induced up-regulation of CTP:phosphocholine cytidylyltransferase 
alpha contributes to malignant transformation of intestinal epithelial cells. J Biol Chem 288, 633–643, https://doi.org/10.1074/jbc.
M112.347682 (2013).

	18.	 Lagace, T. A. & Ridgway, N. D. Induction of apoptosis by lipophilic activators of CTP:phosphocholine cytidylyltransferase alpha 
(CCTalpha). Biochem J 392, 449–456, https://doi.org/10.1042/BJ20051021 (2005).

	19.	 Fagone, P. et al. CTP:phosphocholine cytidylyltransferase alpha is required for B-cell proliferation and class switch recombination. 
J Biol Chem 284, 6847–6854, https://doi.org/10.1074/jbc.M807338200 (2009).

	20.	 Linkous, A. G., Yazlovitskaya, E. M. & Hallahan, D. E. Cytosolic phospholipase A2 and lysophospholipids in tumor angiogenesis. J 
Natl Cancer Inst 102, 1398–1412, https://doi.org/10.1093/jnci/djq290 (2010).

	21.	 Ahmad, A. Cancer Epigenetics. Curr Cancer Drug Targets 18, 3–4, https://doi.org/10.2174/156800961801171208144307 (2018).
	22.	 Byzia, E. et al. Recurrent transcriptional loss of the PCDH17 tumor suppressor in laryngeal squamous cell carcinoma is partially 

mediated by aberrant promoter DNA methylation. Mol Carcinog 57, 878–885, https://doi.org/10.1002/mc.22808 (2018).
	23.	 Szaumkessel, M. et al. Recurrent epigenetic silencing of the PTPRD tumor suppressor in laryngeal squamous cell carcinoma. 

Tumour Biol 39, 1010428317691427, https://doi.org/10.1177/1010428317691427 (2017).
	24.	 Weigel, C. et al. DNA methylation at an enhancer of the three prime repair exonuclease 2 gene (TREX2) is linked to gene expression 

and survival in laryngeal cancer. Clin Epigenetics 11, 67, https://doi.org/10.1186/s13148-019-0666-5 (2019).

Acknowledgements
This research was supported by a grant from the Development and Reform Commission of Jilin Province 
(2014G072) and Science and Technology Department of Jilin Province (3D515R933429).

Author Contributions
J.Y., Z.Z., Y.Z. and Z.C. performed experiments; J.Y., Z.Z., Y.Z., Z.C. and C.Z. analyzed results; J.Y. and Z.W. 
prepared first draft; All authors edited manuscript draft; ZW provided resources and funding, and approved the 
manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-47895-x
https://doi.org/10.1093/bioinformatics/18.11.1427
https://doi.org/10.1093/bioinformatics/18.11.1427
https://doi.org/10.1007/s00018-019-03147-9
https://doi.org/10.1111/coa.12845
https://doi.org/10.1111/coa.12845
https://doi.org/10.1091/mbc.e04-10-0874
https://doi.org/10.1128/MCB.25.8.3357-3363.2005
https://doi.org/10.1074/jbc.M112.347682
https://doi.org/10.1074/jbc.M112.347682
https://doi.org/10.1042/BJ20051021
https://doi.org/10.1074/jbc.M807338200
https://doi.org/10.1093/jnci/djq290
https://doi.org/10.2174/156800961801171208144307
https://doi.org/10.1002/mc.22808
https://doi.org/10.1177/1010428317691427
https://doi.org/10.1186/s13148-019-0666-5
http://creativecommons.org/licenses/by/4.0/

	CCT α is a novel biomarker for diagnosis of laryngeal squamous cell cancer

	Materials and Methods

	Ethical considerations. 
	Patient characteristics. 
	Immunohistochemistry. 
	Evaluation of immunohistochemical reaction. 
	Bisulfite conversion of FFPE samples. 
	Statistical analysis. 

	Results

	Evaluation of CCTα in LSCC tissues. 
	CCTα and clinicopathological characteristics. 
	Expression of CCTα in LSCC with different degrees of differentiation. 
	CCTα as a diagnostic biomarker. 
	Methylation of CCTα in LSCC samples. 

	Discussion

	Acknowledgements

	Figure 1 Detection of expression levels of CCTα in LSCC tissues and vocal polyps.
	Figure 2 Positive immunohistochemical reaction (brown nuclei) indicating CCTα antigen expression in laryngeal benign lesions and in different histological grades of LSCC.
	Figure 3 Correlation of expression of CCTα with the grade of LSCC malignancy.
	Figure 4 Diagnostic value of CCTα via ROC which had a AUC of 0.
	Figure 5 Comparative percentage of CCTα methylation in control (vocal polyps) Vs.
	Table 1 Relationship between CCTα expression and clinicopathological characteristics in LSCC.




