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Abstract
Objectives To explore whether serum Zinc de�ciency (sZnd) is a promoter to the development and
lymphonode metastasis of squamous cell carcinoma (SCC) of oral and maxillofacial region (OMF).

Methods 610 patients with SCC were enrolled in the study group, the controls consisted of the same
number of age-gender matched subjects without cancers, serum Zinc level was tested in both groups.
Characteristics of SCCs were investigated. Different concentration of serum Zinc and prevalence of
sZnd between the two groups were calculated using Chi-square test. The association between serum Zinc
status and SCC with different T-stages and lymphonode metastasis was focused on research. 

Results The patients varied from 19 to 87 years with a mean age of 58.89±10.91 years. Oral cavity was
the most commonly affected region. Males were involved predominantly with a ratio of 1.44:1 to
females. The concentration of serum Zinc in malignancies was 12.57±2.53 μmol/L, 19.2% suffered from
sZnd; in the control group were 14.65±2.25 μmol/L and 6.1%. Decreased serum Zinc and increased
prevalence of sZnd in SCC were statistically signi�cant to controls (p=0.000) . Increased incidence of
sZnd and reduced level of serum Zinc correlated signi�cantly to the the progression and lymphnode
metastasis of SCC (p<0.01).

Conclusions sZnd was a predisposing indicator to the tumorigenesis of SCC and also a promoter to
its aggravation and lymphonode metastasis, which should be considered as a factor in devising the
treatment plannings.

Introduction
Oral and maxillofacial region (OMF) encompasses majority of head and neck, including the lip, oral
cavity, maxillary sinus, oropharynx, and salivary glands. There are several types of cancers involved OMF,
such as teratoma, adenocarcinoma derived from salivary gland, lymphoma, or melanoma, but around
90% are squamous cell carcinomas (SCC) which often spread to the lymph nodes of the neck [1].

The exact pathogenesis of SCC has not been clearly elucidated till date. However, it is strongly associated
with certain environmental or lifestyle risk factors, including tobacco smoking, alcohol consumption,
particular chemicals used in certain workplaces, and certain strains of viruses, such as human
papillomavirus [2].

Trace elements (including Zinc, Selenium and Cuprum) play an important role in maintaining the health
of human body, dysregulation of them may result in disease and impaired metabolism. Trace element
abnormalities, especially Zinc de�ciency (Znd), have been reported in many types of cancers and
implicated in their oncogenesis (such as prostate cancer and esophageal cancer) in few pilot articles [3].
However, it has received relatively little research attention to oral and maxillofacial region.
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A retrospective study conducted in our research aims to investigate the relationship between serum Zinc
de�ciency (sZnd) and the development of SCC of OMF. The association between the reduction of serum
Zinc status and different T-stages and the risk of lymph node metastasis of SCC was focused on
research.

Materials And Methods

1. Serum Zinc measurement
Blood biochemical analysis (including trace element detection) of patients were taken as a routine
examination when they were admitted to the department of oral and maxillofacial surgery of Tianjin
Stomatological Hospital of Nankai University. The normal level of serum Zinc ranges from 10.8 to
19.7 µmol/L. Anyone whose serum Zinc level belowed 10.8 µmol/L was detected as having sZnd.

2. Research groups
The study involved a SCC group and a control group, both of which were selected from inpatient
electronic medical record database of our hospital from August 2016 to February 2020. The research was
approved by the Tianjin Stomatological Hospital Ethics Committee.

610 patients pathologically diagnosed as SCC by the faculty were selected. Characteristics of age,
gender, affected region, concentration of serum Zinc and prevalence of sZnd were analyzed. For the
control group, the same number of persons was chosen randomly by searching the remaining non-tumor
electronic medical records based on age and gender matching. The concentration of serum Zinc and
prevalence of sZnd were also accounted. Patients suffering from eating di�culty dysphagia malnutrition
or cachexia were excluded in both groups.

The alteration of serum Zinc level between the 2 groups was analyzed. The difference in prevalence of
sZnd in malignant cases compared with controls and the odds ratio of having sZnd in SCC were
calculated.

3. Subset groups of SCC
The objectives with SCC were divided into 4 groups according to WHO T-stage standard. In the same way,
patients were divided into 2 groups based on cervical lymph node metastasis or not [4]. The difference in
the prevalence of sZnd and concentration of serum Zinc among different groups were analyzed.

4. Statistical analysis
The analyses were performed using SPSS 22.0 software. Differences among the T-staging groups were
assessed using the Tukey range test

post hoc t-tests for multiple comparisons. When there were only two groups, a standard t-test was used to
analyze the data. Chi-square test was performed to calculate the P value. An  level of 0.05 was
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considered statistically signi�cant.

Results

1. Characteristics of SCC of OMF
The age of patients with SCC varied from 19 to 87 years (mean age was 58.89 ± 10.91 years) with a peak
age of 45–74 years. Oral cavity was the most commonly affected primary region, followed by lip and oral
pharynx. Males were involved predominantly with a ratio of 1.44:1 to females (Shown in Table-1).

Table 1
Characteristics of SCC of OMF

Site,Sex Age(y) LP OC MS OP SG

M F M F M F M F M F

Sum

≦ 25 3 3

26–44 3 29 27 2 1 62

45–59 15 9 107 76 1 7 2 217

60–74 27 18 118 100 23 7 2 295

75–89 5 2 18 7 1 33

sum 50 29 272 213 0 1 33 7 5 0 610

( Abbreviations: SCC-squamous cell carcinoma; OMF-oral and maxillofacial region; LP-lip; OC-oral
cavity; MS-maxillary sinus; OP-oral pharynx; SG-salivary gland; M-male; F-female. )

2. Serum Zinc status in malignant and control groups
The concentration of serum Zinc in SCC group is 12.57 ± 2.53 µmol/L, much decreased than controls of
14.65 ± 2.25 µmol/L, and the difference was statistically signi�cant (P = 0.000). 117 patients suffered
from sZnd in SCC, and thus the prevalence of sZnd in research group was 19.2%; while, in the control
group, 37 patients were affected by sZnd, therefore, the prevalence of sZnd in controls was 6.1%. The
difference in the prevalence/incidence of sZnd in malignant cases versus controls was found to be
statistically signi�cant using Chi-square test (P = 0.000). Relative risk of developing SCC of OMF in
persons with sZnd is 3.68 (95% con�dence interval 2.49–5.42) compared to those with normal serum
Zinc (Shown in Table-2).
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Table 2
Prevalence of sZnd and concentration of serum Zinc level in SCC and control groups

Group SCC Control

Prevalence of sZnd (case) 117 610 37 610*

Concentration of serum Zinc (µmol/L) 14.65 ± 2.25 12.57 ± 2.53*

(Abbreviations: sZnd-serum Zinc de�ciency; SCC-squamous cell carcinoma; *p 0.01, #p 0.05)

3. Serum Zinc status in different T-stages of SCC
According to WHO T-stage standard, patients with SCC were divided into 4 groups: T1 T2 T3 and T4.

Concentration of serum Zinc decreased with the development of T-stage, and the difference was
statistically signi�cant between early stage ( T1 T2 ) and late stage ( T3 T4 ), while no signi�cant
difference was observed within T1 vs T2 and T3 vs T4 groups (p = 0.000, Shown in Table-3).

Prevalence of sZnd signi�cantly increased in late stage ( T3 T4 ) than early stage ( T1 T2 ) using Chi-
square test (p = 0.000, Shown in Table-3).

Table 3
Prevalence of sZnd and concentration of serum Zinc level in T1-T4 stage of SCC

Group Early stage Late stage

T1 T2 T3*@ T4*@

Prevalence of sZnd (case) 26 174 35 234 26 101 30 101

Concentration of serum Zinc (µmol/L) 13.10 ± 2.34 12.77 ± 2.55 12.14 ± 2.11*& 11.63 ± 2.86*@

(Abbreviations: sZnd-serum Zinc de�ciency; SCC-squamous cell carcinoma; * p 0.01 #p 0.05 versus
T1; @ p 0.01 &p 0.05 versus T2)

4. Serum Zinc status in lymph node metastasis of SCC
2 groups were gained on the basis of lymph node metastasis (N1) or not (N0) in patients with SCC.

The concentration of serum Zinc in group with lymph node metastasis is 11.70 ± 2.72 µmol/L,while
12.77 ± 2.44 µmol/L in group without metastasis. Reduction in serum Zinc level correlated with the
metastasis of lymph node metastasis, and the difference was statistically signi�cant (p = 0.001, Shown
in Table-4).
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Table 4
Prevalence of sZnd and concentration of serum Zinc level in SCC with lymph node metastasis or free
Group N0 N1

Prevalence of sZnd (case) 83 498 34 112*

Concentration of serum Zinc (µmol/L) 12.77 ± 2.44 11.7 ± 2.72*

( Abbreviations: sZnd-serum Zinc de�ciency; SCC-squamous cell carcinoma; N0-non lymph node
metastasis group; N1-lymph node metastasis group; * p 0.01 )

Signi�cant increased prevalence of sZnd correlated to cervical lymph node metastasis using Chi-square
test (p = 0.001, Shown in Table-4). Relative risk of having metastasis in SCC patients suffering from sZnd
is 2.18 (95% con�dence interval 1.37–3.48) versus those with normal serum Zinc.

Discussion
Oral and maxillofacial malignancy is one of the most lethal tumors and a major leading cause of
mortality due to local recurrence or metastasis, however, there is lack of epidemiological data on its exact
prevalence. An estimated 300,400 new cases and 145,400 deaths from oral cavity cancer (including lip
cancer) occurred in 2012 worldwide [5], and in China an estimated annual incidence of 1.6–1.9 per
100,000 persons was assessed [6]. The usual age at diagnosis of oral cancer is between 55 and 65 years
old and males are affected twice as often as females and SCC is most likely to appear in males over
40 years of age with a history of heavy alcohol use coupled with smoking [7].

In our study about SCC in OMF, males are more involved than females with a ratio of 1.44:1, with a peak
age of 45–74 years. Oral cavity is the most commonly affected primary region accounting for 79.51% of
all the cases, followed by lip and oral pharynx.

Zinc is an essential trace element which can act as a co-factor for more than 300 enzymes that regulate a
variety of cellular processes and signaling pathways [8]. The imbalance of Zinc homeostasis has been
established in varied pathological conditions, including many types of cancer, such as prostate cancer,
breast cancer, lung cancer and ovarian cancer [3].

There are three main parameters commonly used to detect Zinc level of human body: tissue Zinc, serum
Zinc and excrement Zinc. Tissue Zinc is more speci�c and sensitive to indicate the alternation of Zinc
level, however, it needs a high quality of experimental condition and is relatively complicated to operate.
The utility of excrement Zinc as a measure of Zinc status, such as urinary Zinc, is also limited by the
di�culties encountered in collecting a 24 h specimen without exogenous Zinc contamination [9]. Blood is
easy to be harvested and many studies provide evidence that the trend of changes of Zinc level in tissue
and serum is consistent, which makes serum Zinc to be an acceptable clinical index to demonstrate the
alteration of Zinc status [3]. In our study, serum Zinc was applied to indicate the Zinc status of human
body.
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Despite current advances in its fundamental research and clinical management, the OMF cancer remains
a di�cult region to control. Surgery is still the most important treatment method in SCC of OMF, cancer
can be highly curable if detected early, while it is hard to excise completely due to the restriction of
anatomy and tissue defects created by extensive resection can severely affect speech and swallowing
function as well as destroy the aesthetic appearance at late stage. A 5-year survival remains poor at
62.7% in the USA and below 50% in other countries due to local recurrence and distant metastatic spread
even the combination of chemotherapy and radiotherapy were applied in patients [10, 11]. Thus, further
study into its pathogenesis and predictors of outcome is critical to devise a new preventive measure,
clarify an earlier diagnosis, and offer a novel treatment modality to SCC of OMF.

In our study, the concentration of serum Zinc in SCC decreased signi�cantly compared to the controls.
Increased prevalence of sZnd in SCC group was observed and calculated to be statistically signi�cant
versus controls. Serum Zinc level reduced and incidence of sZnd increased were observed with the
progression of tumor grade, the difference were statistically signi�cant between early stage ( T1 T2 ) and
late stage ( T3 T4 ) using Chi-square test. SCC of OMF has a propensity for cervical nodal spread. In our
research we found that concentration of serum Zinc in SCCs accompanied lymph node metastasis
decreased signi�cantly to those without metastasis. SCC patients suffering from sZnd had a more higher
risk of having metastasis compared with those with normal serum Zinc. The results above demonstrated
that decreased serum Zinc level, especially sZnd, was a predisposing indicator to the tumorigenesis of
SCC, and also a promoter to its aggravation and lymph node metastasis.

sZnd has been proved signi�cantly associated to the development and aggravation of SCC of OMF in our
study, however, the exact mechanism remains poorly uncovered. Up to date, the underlying mechanisms
may include:  Zinc serves as a co-factor in Zinc-dependent matrix metalloproteinases which augment
autodebridement and keratinocyte migration during wound repair and its importance in wound healing is
well appreciated [12, 13]. The most common clinical presentation of SCC of OMF is an incurable ulcer,
such as tongue cancer, buccal cancer and mouth �oor cancer [14], Zinc de�ciency in tumor
microenvironment may delay wound healing and lead to pathological changes of SCC. Zinc de�ciency is
commonly detected in patients with recurrent aphthous ulceration (RAU), and improvement in oral wound
healing rates and reduction in the recurrence rate have been observed clinically in RAU via systematic
Zinc supplementation [15, 16], thus Zinc administration could be a novel anticancer therapeutic
candidate in SCC;  Multiple lifestyle or environmental factors, such as tobacco use, alcohol abuse,
chemical exposure and virus infection, can cause DNA damage and abnormalities of genome integrity.
Zinc plays an important role in transcription factor function, antioxidant defense and DNA repair.
De�ciencies in Zinc can contribute to single- and double-strand DNA breaks and oxidative modi�cations
to DNA that increase risk for cancer development [17]. Oncogenesis of SCC occurs as a result of the
accumulation of gene and chromosome mutations [18]. Bene�ts maybe gained from Zinc supplement
through repairing DNA damage and maintaining integrity of chromosomes and genes in patients with
SCC;  Zinc de�ciency has been well documented in many cancers with elevated level of Hedgehog (Hh)
ligand both in patient serum and affected tissues. When Zinc levels are low, Hh autoprocessing may be
enhanced, leading to overproduction of Hh ligand and potentially abnormal activation of Hh signaling
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pathway [19]. Hedgehog (Hh) signaling pathway stimulation has been observed in oral squamous cell
carcinomas and this low Zinc-high Hh axis may contribute to its pathogenesis [20]. Thus cancer
prevention could be achieved by Zinc fuels that Zinc can bind to the active site of the Hedgehog-intein
(Hint) domain and inhibit Hh ligand production;  It is well established that there exist comprehensive
interactions between tumor immunology and tumor biology in head and neck squamous cell carcinoma
[21]. Zinc is required for the activity of many enzymes for proper immune function. Zinc de�ciency
affects multiple aspects of innate and adaptive immunity, including thymic atrophy, altered thymic
hormones, lymphopenia, and compromised cellular-and antibody-mediated responses that reduces the
lytic activity of natural killer cells, impairs NKT cell cytotoxicity and immune signaling [22]. Zinc
supplementation might either restore function in the setting of dysfunction or improve normal immune
cell function in SCC which would be contributed to the development of customized treatment strategy.

Conclusion
The relationship between decreased serum Zinc level and development of SCC has been revealed in our
study, and sZnd has been proved signi�cantly associated to its aggravation and metastasis. Thus,
reduction in serum Zinc status should be considered as an indicator to predict its aggressive progression
and poor prognosis in patients with SCC, and it also should be emphasized in making the treatment
decisions, especially to those suffering from sZnd. From therapeutic aspect, with a better understanding
of how sZnd induces SCC in the future, Zinc supplementation may have a role in the prevention and
maybe become an adjuvant therapy to its treatment of SCC.
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