
Abstract. Background/Aim: Oral cancer is of the highest
incidence worldwide in Taiwan, and a better marker for
personalized therapeutic strategies such as immunotherapies
is urgently needed. Interleukin-12 (IL12) is a cytokine that
has been reported to exhibit potent tumoricidal effects,
however, its genotypic contribution to oral cancer is still
largely unknown. The current study aimed at investigating
whether IL12B rs3212227 genotype is associated with oral
cancer in Taiwan. Materials and Methods: Genotypic
characteristics of IL12B rs3212227 were determined among
958 oral cancer cases and age- and gender-matched
individuals via typical polymerase chain reaction–restriction
fragment length polymorphism (PCR-RFLP) methodology.
Results: The AA, AC and CC genotypes of IL12B rs3212227
were 38.2, 38.9 and 22.9% in the case group and 36.2, 41.5
and 22.3% in the control group (p=0.5189), respectively.
Conclusion: IL12B rs3212227 genotype was associated with
oral cancer risk only in betel quid chewers.

According to the 2017 Statistics of Causes of Death
published by the Ministry of Health and Welfare, oral cancer
is the fourth most common male cancer and the fourth
leading cause of male cancer death in Taiwan, where the

incidence of oral cancer is the highest in the world (1, 2).
Epidemiological studies have shown that the development
and susceptibility to oral cancer of Taiwan citizens is
determined by genomic variations (such as single nucleotide
polymorphisms) and behavioral factors (such as
alcohol/tobacco/areca-nut consumptions, bad brushing and
dental implanting habits, and viral infectious status) (3-6).
Thus, a better target or marker for advanced personalized
therapeutic approaches such as immunotherapies is an urgent
need. In pursuit of this aim, studies have provided increasing
evidence that specific genotypes are associated with
increased oral cancer risk in cigarette smokers (4, 5), betel
quid chewers (6, 7) compared with non-smokers and non-
chewers (8, 9). These reports are extremely valuable for
elucidating the contribution of genomic, environmental and
behavioral factors in oral cancer etiology and providing a
better consulting system for therapeutic decision and
genomic pharmacology of oral cancer in the era of
personalized and precise medicine.

Interleukin 12 (IL12) is a multi-functional cytokine
originally identified as stimulatory factor for natural killer
cells and maturation factor for lymphocytes (10, 11). In
addition, IL12 has been found to stimulate the cytolytic
capacity of natural killer cells, and activate their capacity in
cytokine production, particularly of interferon-γ (12, 13).
Furthermore, IL12 has been reported to serve in bridging
innate and adaptive immunity by promoting the differentiation
of T-helper 1 cells (14, 15). In animal model experiments,
IL12 has been found to have antitumor effects since mice
lacking IL12 subunit p35 had earlier development and more
papillomas compared with those wild-type ones (16). Mice
deficient in IL12 receptor chain IL12Rβ2 also had faster
growth of B16 melanomas than wild-type ones (17). Finally,
exogenous administration of IL12 significantly suppressed the
growth of sarcoma, melanoma, lung carcinoma and breast
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carcinoma transplants in mouse models (18-20). Most
interesting, although IL12 has certain side-effects, its curative
effect is impressive and significant in clinical settings. For
instance, IL12 phase I/II trials in patients with B-cell
lymphoma or Kaposi sarcoma were both very successful in
2002 and 2007 (21, 22). IL12 treatment can have synergistic
effects with IL18 on restoring intratumoral natural killer cell
functions in major histocompatibility complex class I-deficient
tumors (21, 22). Combined with natural killer cell-secreted
interferon-γ, IL12 can inhibit tumor angiogenesis and suppress
tumor growth (23).

The human IL12B gene is located at human chromosome
5. IL12B rs3212227 is a polymorphic site located in the 3’-
untranslated region, and may influence the level of
production of IL12 via disruption of exonic splicing for IL12
(24, 25). In literature, the contribution of IL12B to oral
cancer has not been investigated to our knowledge, let alone
the joint effects of IL12B genotype with behaviors such as
betel quid chewing on oral cancer risk. Therefore, in the
current study, the contribution of IL12B genotype to the risk
of oral cancer, as well as the interaction of IL12B genotype
and behavioral factors, including smoking, alcohol drinking
and betel quid chewing, were investigated among Taiwanese.

Materials and Methods
Population sampling methodology. Nine hundred and fifty-eight
patients diagnosed with oral cancer were recruited with help from
the cancer team at the Outpatient Clinics of General Surgery from
China Medical University Hospital; the clinical characteristics of
patients, including histological details, were all graded and defined
by experts in pathology. Patients with history of any other cancer
were excluded from the databank, and all participants were
Taiwanese and voluntarily completed a self-administered
questionnaire and provided their blood sample for genotyping
studies. The same number of healthy volunteers was selected as
controls by matching for age, gender, and behavioral factors such
as alcohol, tobacco, and areca nut consumption after initial random
sampling from the Health Examination Cohort of China Medical
University Hospital. The exclusion criteria for the controls included
previous malignancy, metastasized cancer from other or unknown
origin and any genetic or familial disease. The study was approved
by the Institutional Review Board of the China Medical University
Hospital (DMR101-IRB1-306) and written informed consent was
obtained from all participants. Selected characteristics of the
investigated groups are summarized in Table I.

IL12B PCR-RFLP methodology. The genomic DNA from the
peripheral blood leucocytes of each case and control was prepared
with QIAamp Blood Mini Kit (Blossom, Taipei, Taiwan) (26, 27),
aliquoted, stored and further processed in typical PCR-RFLP
genotyping processes as our previous articles (26, 27). The primer
sequences for IL12B genotyping were all designed following those
designed by Chen and colleagues (24), as validated by our previous
articles (28, 29). The PCR cycling was set as: one cycle at 94˚C for
5 min; 35 cycles of 94˚C for 30 s, 55˚C for 30 s, and 72˚C for 30 s;
and a final extension at 72˚C for 10 min. The primers of IL12B

rs3212227 were 5’-GATATCTTTGCTGTATTTGTATAGTT-3’
(forward) and 5’-AATATTTAAATAGCATGAAGGC-3’ (reverse),
which generated a 118-bp fragment. The fragment was then digested
by Taq I (New England BioLabs, Ipswich, MA, USA). The variant
allele IL12B rs3212227C produced two fragments of 92 and 26 bp,
and the wild-type allele IL12B rs3212227A resulted in a single 118-
bp fragment. Each step in genotyping and analysis was performed
by at least two of the researchers independently and blindly.

Statistical methodology. All individuals with both genotypic and
complete records for characteristics listed in Table I were included
in the final analysis. Student’s t-test and Pearson’s chi-square test
were used for comparing the difference in age between case and
control groups, and the distribution of IL12B genotypes between the
case and control groups, respectively. The associations between the
IL12B genotype and cancer susceptibility were estimated by
computing odds ratios (ORs) and their 95% confidence intervals
(CIs) from logistic regression analysis. Any comparison with a value
of p<0.05 was considered as statistically significant.

Results

The basic characteristics, including age, gender and personal
habits tumor site and clinical data, for the 958 patients with
oral cancer and the same number of matched controls are
summarized in Table I. There was no difference between the
case and control groups in age and gender (p=0.3755 and
>0.99, respectively; Table I). There were significantly higher
percentages of smokers, alcohol drinkers and betel quid
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Table I. Selected characteristics of the 958 patients with oral cancer
and 958 controls.

Characteristic                              Controls               Cases            p-Value
                                                    (n=958)              (n=958)

Age, years
   Mean±SD                                56.8±8.7             56.4±7.5          0.3755a
Gender, n (%)
   Male                                      728 (76.0%)       728 (76.0%)     >0.99b
   Female                                  230 (24.0%)       230 (24.0%)         
Personal habit, n (%)
   Cigarette smoking                668 (69.7%)       718 (74.9%)       0.0107b
   Alcohol drinking                  642 (67.0%)       684 (71.4%)       0.0377b
   Betel quid chewing              508 (53.0%)       773 (80.7%)     <0.0001b
Primary tumor site, n (%)
   Tongue                                                             397 (41.4%)         
   Buccal mucosa                                                356 (37.2%)         
   Mouth floor                                                       39 (4.1%)           
   Retromolar trigone                                            33 (3.4%)           
   Alveolar ridge                                                   29 (3.0%)           
   Palate                                                                 27 (2.8%)           
   Lip                                                                      39 (4.1%)           
   Other                                                                  38 (4.0%)           

SD: Standard deviation. aBased on Student’s t-test; bBased on chi-
square test. Significant p-values (p<0.05) are shown in bold.



chewers in the oral cancer group than those in the age- and
gender-matched control group (p=0.0107, 0.0377 and 0.0001,
respectively) (Table I). The most prevalent oral cancer tumor
sites were tongue (41.4%) and buccal mucosa (37.2%) among
the investigated Taiwan oral cancer population (Table I).

The distribution of genotypic frequencies of IL12B
rs3212227 for all the investigated Taiwanese is summarized
and compared in Table II. There was no significant difference
in the distribution of IL12B rs3212227 genotypes between the
oral cancer and control groups (p for trend=0.5189). In detail,
the frequencies of the heterozygous variant AC of IL12B
rs3212227 were 38.9% in the oral cancer group, a little lower
than 41.5% in the control group. On the contrary, the
frequencies of the homozygous variant CC of IL12B
rs3212227 were 22.9% in the oral cancer group, a little higher
than the 22.3% in the control group. Neither the AC (OR=0.89,
95% CI=0.73-1.09, p=0.2659) nor CC (OR=0.97, 95%
CI=0.76-1.23, p=0.8042) genotypes at IL12B rs3212227
seemed to be a potential biomarker for oral cancer in
Taiwanese. The analysis of AC+CC combined versusAA also
revealed that the genotypes of IL12B rs3212227 were not
differentially distributed in the control and case groups
(OR=0.92, 95% CI=0.76-1.10, p=0.3598) (Table II).

The distribution of allelic frequencies of rs3212227 in
IL12B is shown in Table III. Consistent with the findings in
Table II, the allelic frequencies of variant C or wild-type A
at IL12B rs3212227 were not differentially distributed
between case and control groups (OR=0.97, 95% CI=0.85-
1.10, p=0.6475). In detail, the frequencies of the A and C
alleles of IL12B rs3212227 were 57.7 and 42.3% among the

patients with oral cancer and 56.9 and 43.1% among controls
(Table III).

Since personal behaviors, including cigarette smoking,
alcohol drinking and betel quid chewing, may contribute to
oral cancer risk (Table I), we are also interested in the
interaction of the genotype of IL12B rs3212227 with these
in the investigated Taiwanese population. The joint effects
of IL12B rs3212227 with smoking, alcohol drinking and
betel quid chewing status on oral cancer risk determining
were examined and results are presented in Tables IV, V and
VI. In the analysis, both the patient and matched control
groups were stratified according to their smoking status and
the ORs and 95% CI were calculated. The results showed
that there was no significant difference in the genotypic
distribution among the non-smokers (p=0.5425), smokers
(p=0.3614) (Table IV), non-drinkers (p=0.8395), or drinkers
(p=0.4126) (Table V). Interestingly, the percentages of AA
and CC genotypes at IL12B rs3212227 were both higher in
the case group than those in the control group for the betel
quid chewers (p=0.0390) (Table VI). On the contrary, there
was no difference in the genotypic distribution among the
non-chewers (p=0.2092).

Discussion

In the current study, the contribution of genotype to oral
cancer risk was firstly investigated all over the world. The
examined samples are presented in Table I. From the
genotyping results of 958 patients with oral cancer and 958
age- and gender-matched healthy controls, it was found that
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Table II. Distribution of interleukin-12B (IL12B) rs3212227 genotypes among the patients with oral cancer and healthy controls. 

IL12B rs3212227 Genotype                                  Cases                                         Controls                                 OR (95% CI)                             p-Valuea
                                                                                  n                                                   n                                                                                                 

AA                                                                    366 (38.2%)                                347 (36.2%)                           1.00 (Reference)                                 
AC                                                                    373 (38.9%)                                397 (41.5%)                           0.89 (0.73-1.09)                            0.2659
CC                                                                    219 (22.9%)                                214 (22.3%)                           0.97 (0.76-1.23)                            0.8042
AC+CC                                                            591 (61.8%)                                611 (63.8%)                           0.92 (0.76-1.10)                            0.3598
Ptrend                                                                                                                                                                                                                           0.5189

OR: Odds ratio; CI: confidence interval. aBased on chi-square without Yate’s correction test.

Table III. Distribution of interleukin-12B (IL12B) rs3212227 allelic frequencies among the patients with oral cancer and healthy controls. 

IL12B rs3212227                                 Cases, n (%)                                  Controls, n (%)                             OR (95% CI)                             p-Valuea

Allele A                                               1105 (57.7%)                                   1091 (56.9%)                             1.00 (reference)                                  
Allele C                                                811 (42.3%)                                     825 (43.1%)                             0.97 (0.85-1.10)                            0.6475

OR: Odds ratio; CI: confidence interval. aBased on chi-square without Yate’s correction test.



IL12B rs3212227 (Table II) was not a genomic biomarker for
detection and prediction of oral cancer risk among
Taiwanese. It was further validated that the C allele of IL12B
rs3212227 was not associated with altered cancer risk (Table
III). These findings support the idea that involvement of
IL12 in the carcinogenesis may not simply be critical in
regard to the inherited variant of IL12B rs3212227 but rather
at the post-transcriptional and post-translational levels.
Genotype–behavior interaction was not found among the
cigarette smokers or alcohol consumers (Tables IV and V).

From the cancer genomic viewpoint, the variant AC/CC
genotypes at IL12B rs3212227 have been associated with
increased risk of several types of cancer, including

esophageal (30), gastric (31), breast (32), bladder (33),
cervical (24, 34) and osteosarcoma (35), but some
controversial findings have also been reported (25, 36-38).
A meta-analysis showed that IL12B rs3212227 can
potentially serve as a biomarker for cancer risk among
Asians, especially for cervical and nasopharyngeal cancer
(39). A more updated meta-analysis in 2017 reported that the
CC genotype at IL12B rs3212227 was significantly
associated with higher overall cancer risk, especially among
Asian ethnicities (40). Our results showed that IL12B
rs3212227 genotype was not associated with oral cancer risk
(Tables II and III) nor with lung cancer risk (28) among
Taiwanese. The frequencies of AA and CC genotype of
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Table IV. Distribution of interleukin-12B (IL12B) rs3212227 genotypes among oral cancer cases and controls after stratification by smoking status. 

Behavior status                                                                                            IL12B rs3212227 genotype, n (%)               

                                                                                                AA                                         AC                                      CC                                p-Valuea

Non-smokers                  Controls                                  104 (35.9%)                           123 (42.4%)                          63 (21.7%)                          0.5425
                                        Cases                                         92 (38.3%)                           105 (43.8%)                          43 (17.9%)                               
Smokers                          Controls                                  243 (36.4%)                           274 (41.0%)                       151 (22.6%)                          0.3614
                                        Cases                                       274 (38.2%)                           268 (37.3%)                       176 (24.5%)                               

aBased on chi-square without Yate’s correction test.

Table V. Distribution of interleukin-12B (IL12B) rs3212227 genotypes among oral cancer cases and controls after stratification by alcohol drinking
status. 

Behavior status                                                                                             IL12B rs3212227 genotype, n (%)                

                                                                                                AA                                         AC                                      CC                                p-Valuea

Non-drinkers                  Controls                                   110 (34.8%)                           132 (41.8%)                          74 (23.4%)                          0.8395
                                        Cases                                       100 (36.5%)                           115 (42.0%)                          59 (21.5%)                               
Drinkers                          Controls                                  237 (36.9%)                           265 (41.3%)                       140 (21.8%)                          0.4126
                                        Cases                                       266 (38.9%)                           258 (37.7%)                       160 (23.4%)                               

aBased on Chi-square without Yate’s correction test. 

Table VI. Distribution of interleukin-12B (IL12B) rs3212227 genotypes among oral cancer cases and controls after stratification by betel quid
chewing status. 

Behavior status                                                                                             IL12B rs3212227 genotype, n (%)                

                                                                                                AA                                         AC                                      CC                                p-Valuea

Non-chewers                  Controls                                  168 (37.3%)                           171 (38.0%)                        111 (24.7%)                          0.2092
                                        Cases                                         63 (34.1%)                            84 (45.4%)                           38 (20.5%)                               
Chewers                          Controls                                  179 (35.2%)                           226 (44.5%)                       103 (20.3%)                          0.0390
                                        Cases                                       303 (39.2%)                           289 (37.4%)                       181 (23.4%)                               

aBased on chi-square without Yate’s correction test. Significant p-values (p<0.05) are shown in bold.



IL12B rs3212227 were found to be significantly higher in the
case group than the control group among betel quid chewers
(Table VI). The inconsistent conclusions may arise from
different ethnic populations or cancer types investigated. In
addition, the genetic background, lifestyle, environmental
exposure and immune status were very divergent among the
investigated subjects.

The genotype–phenotype correlation of IL12B rs3212227
has been investigated but a conclusive model for its
involvement in human diseases, such as cancer has not yet
been established. The serum level of IL12 was found to be
much higher in patients with type 1 diabetes with IL12B
rs3212227 AA genotype than those with AC or CC
genotypes (41, 42). On the contrary, the levels of IL12 were
reported to be higher in the peripheral blood mononuclear
cells form individuals with CC genotype at IL12B rs3212227
than those with AC or AA genotypes, upon stimulation with
lipopolysaccharide (42). 

Another possible interpretation of the inconsistent genotype–
phenotype correlation is that the serum level of IL12 is under
a complicated controlling network. For instance, IL12A and
IL12B may control the secretion of each other. It has been
shown that the presence of the variant genotype IL12B
rs3212227 correlated with increased IL12A secretion, but not
IL12B itself (42). Thus, in the near future, we will investigate
whether the IL12A genotype may be a practical biomarker for
early detection and prediction of oral cancer among Taiwanese.
For instance, the AA genotype of IL12A rs568408 was found
to be significantly associated with higher overall cancer risk,
especially among Asian ethnicities (40). In addition, the
combinative effects of IL12A and IL12B will be examined.

Smoking, alcohol drinking and betel quid chewing habits are
the three major risk factors for oral cancer in Taiwan. In this
study, the interaction analysis of the genotype of IL12B
rs3212227 and these personal behaviors of the participants
were further evaluated. The results showed that the percentages
of AA and CC genotypes at IL12B rs3212227 were both higher
in the case group than those in the control group for the betel
quid chewers (Table VI). It is a very unique finding that no
genotype at IL12B rs3212227 was associated with increased or
decreased risk of oral cancer, that is to say, we failed to
demonstrate what the difference is and what it means in regard
to oral cancer risk (Table VI). On the contrary, there was
clearly no differential distribution of genotype among non-
chewers (Table VI). The interaction of the genotype of IL12A
rs568408 with smoking or alcohol drinking status was not
found to be significant (Tables IV and V). In the current study,
the phenotypic data are not yet sufficient enough to establish
genotype–phenotype correlations among Taiwanese. Further
studies using cells primarily cultured from patients in addition
to commercially available oral cancer cell lines, are strongly
recommended to explore the effects of betel quid compounds
on cells with different IL12A and IL12B genotypes.

In conclusion, the study indicated that genotype of IL12B
rs3212227 appears to be a determinant of oral cancer risk
among Taiwanese but only in those with betel quid chewing
habits. 
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