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Summary 
The data derived from rat models and the preliminary results of 
human studies provide strong indices of involvement of common 
ZBTB16 variants in a range of cardiovascular and metabolic 
traits. This cross-sectional study in the Caucasian cohort of 
1517 Czech adults aimed to verify the hypothesis that ZBTB16 
gene variation directly affects obesity and serum lipid levels. 
Genotyping of nine polymorphisms of the ZBTB16 gene 
(rs11214863, rs593731, rs763857, rs2846027, rs681200, 
rs686989, rs661223, rs675044, rs567057) was performed. 
A multivariate bidirectional regression with the reduction of 
dimensionality (O2PLS model) revealed relationships between 
basal lipid levels and anthropometric parameters and some minor 
ZBTB16 alleles. In men, the predictors – age and presence of 
minor ZBTB16 alleles of rs686989, rs661223, rs675044, rs567057 
– were associated with significantly higher body mass index, 
waist to hip ratio, body adiposity index, waist and abdominal 
circumferences, higher total cholesterol and LDL cholesterol and 
explained 20 % of variability of these variables. In women, the 
predictors – age and presence of the rs686989 minor T allele – 
were also associated with increased anthropometric parameters 
and total cholesterol and LDL cholesterol but the obtained O2PLS 
model explained only 7.8 % of the variability of the explained 
variables. Our study confirmed that the selected gene variants of 
the transcription factor ZBTB16 influence the obesity-related 
parameters and lipid levels. This effect was more pronounced in 
men. 
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Introduction 
 

The rapidly increasing incidence and prevalence 
of obesity and type 2 diabetes is becoming a major global 
health problem; however, the need for identification of 
relevant molecular targets and devising effective 
preventive and therapeutic algorithms is met by only 
a modest advancement of our knowledge. Metabolic 
syndrome is a group of risk factors (abdominal obesity, 
dyslipidemia, hypertension, elevated fasting glucose or 
impaired glucose tolerance) that can increase the 
susceptibility to develop diabetes, heart disease, and 
stroke (Alberti et al. 2009). All individual features of 
metabolic syndrome are complex traits with relatively 
balanced strength of heritable and environmental 
component. The heritability of individual components of 
metabolic syndrome ranges from 40 to 70 %. The 
manifestation of metabolic syndrome, its course and 
outcomes are driven by interacting forces of environment 
(including diet, physical activity and medication), 
individual genetic background and increasing age (Lusis 
et al. 2008, Seda et al. 2005a).  

The identification of molecular mechanisms 
underlying complicated genome-environmental 
interactions is very difficult in humans due to the high 
complexity and heterogeneity. Nevertheless, many 
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candidate genes which genetic variants increase the risk 
of the individual traits of metabolic syndrome have been 
identified. Particularly due to genome-wide association 
studies performed on very large cohorts, variants 
significantly associated with obesity, diabetes, 
dyslipidemia and hypertension have been revealed 
(http://www.gwascentral.org/, http://www.ebi.ac.uk/gwas). 
However, the biological function of many of them is still 
unknown and their contribution to the heritability of these 
pathophysiological features is small.  

Thanks to animal model studies (Sedova et al. 
2000, Seda et al. 2005b, Liska et al. 2009, Liska et al. 
2014, Liska et al. 2016, Liska et al. 2017), the association 
between ZBTB16 and metabolic syndrome and its 
components was revealed. The aim of our study was to 
search for possible pathophysiological consequences of 

genetic variation in ZBTB16 gene in adult humans, 
especially with respect to obesity and lipid levels.  
 
Materials and Methods 
 
Subjects 

A total of 1517 non-diabetic subjects 
(1281 women and 236 men) without hypolipidemic 
treatment participated in the study (their anthropometric 
and biochemical profile is shown in Table 1).  

Participants were examined after signing  
an informed consent approved by the Ethics Committee 
of the Institute of Endocrinology. For the evaluation of 
basic biochemical parameters, 10 ml of fasting blood was 
withdrawn in the morning. Blood samples were 
centrifuged and stored at -80 ºC until analyzed. 

 
 
Table 1. Anthropometric and biochemical characteristics of the study subjects. 
 

Variable 
Median (95 % confidence limits) 

Men (n=236) Women (n=1281) 

Age (years) 32.9 (30.5, 35.6) 31.4 (30.8, 32.0) 
% normostenic, overweight, obesity  52.8, 38.7, 8.5 61, 21.3, 17.7 
BMI (kg/m2) 24.7 (24.3, 25.3) 23.5 (23.6, 23.9) 
WHR 0.86 (0.85, 0.88) 0.76 (0.75, 0.77) 
WHtR 0.48 (0.46, 0.49) 0.45 (0.44, 0.46) 
BAI 23.3 (22.6, 23.6) 28.0 (27.6, 28.3) 
Abdomen circumference (cm) 88.5 (87.3, 90.4) 84.5 (83.5, 85.5) 
Hip circumference (cm) 99.5 (98.2, 100.5) 100.0 (99.4, 100.5) 
Waist circumference (cm) 85.9 (83.5, 87.6) 75.5 (74.7, 76.4) 
Total cholesterol (mmol/l) 4.60 (4.45, 4.75) 4.51 (4.45, 4.57) 
HDL cholesterol (mmol/l) 1.28 (1.22, 1.32) 1.55 (1.53, 1.57) 
LDL cholesterol (mmol/l) 2.69 (2.6, 2.82) 2.49 (2.45, 2.56) 
Triacylglycerols (mmol/l) 1.01 (0.91, 1.11) 0.82 (0.80, 0.85) 

 
 
Anthropometric measurements 

Anthropometric data were obtained in the fasting 
state. Waist circumference was measured halfway 
between the rib cage and the pelvic bone. Hip and 
abdominal circumferences were measured at the maximal 
circumference of the hips, resp. abdomen. The waist to 
hip ratio (WHR) was calculated from these 
measurements. Waist-to-height ratio (WHtR) was defined 
as waist circumference divided by height, both measured 
in the same units. Body mass index (BMI) was calculated 
as the weight in kilograms divided by the square of the 
height in meters. Body adiposity index (BAI), a surrogate 

measure of body fat, was calculated as described 
elsewhere (Silva et al. 2017).  
 
Analytical methods 

Triacylglycerols, total cholesterol, and  
HDL cholesterol were assayed by enzymatic colorimetric 
test (Roche, Cobas 6000, Basel, Switzerland).  
LDL cholesterol was calculated as total cholesterol minus 
(triacylglycerols divided by 2.2) minus HDL cholesterol. 

 
Genetic analysis 

DNA was extracted from peripheral blood and 
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stored at -20 °C until analysis. Samples were genotyped 
by Endpoint Genotyping with TaqMan assays (Applied 
Biosystems, Foster City, CA, USA) using RealTime 
LC480 (Roche, Basel, Switzerland) and Biomark 
(Fluidigm, San Francisco, USA). Selection of the 
polymorphisms was based on the study Seda et al. (2008, 
unpublished data). For each of the nine polymorphism of 
ZBTB16 gene (rs11214863, rs593731, rs763857, 
rs2846027, rs681200, rs686989, rs661223, rs675044, 
rs567057) a special assay was designed. Distributions of 
genotypes did not significantly differ from Hardy-
Weinberg equilibrium.  
 
Statistical analysis  

In this study, the use of multivariate 
bidirectional regression with the reduction of 
dimensionality (O2PLS) model (Trygg and Wold 2002) 
serves to assess relevant common characteristics 
explaining the relationships between lipid and 
anthropometric data on one side and minor alleles of 
polymorphisms in ZBTB16 gene on the other side. Using 
this approach, we also attempted to evaluate the 
importance of individual indices in the model and their 
statistical significance. The model consists of two 
mutually associated matrices X and Y. These matrices are 
decomposed to so called predictive components 
explaining the relationships between X and Y, two 
groups of orthogonal components explaining the 
relationships within X independently of Y and those 
within Y independently of X and to error terms including 
the unexplained variability in matrixes X and Y, 
respectively. The orthogonal components and the error 
terms form an indispensable constitutive part of the 
model; however, they are not interesting for our purpose. 
The desired outcome of our O2PLS analysis is 
represented by the predictive components that are 
estimating relationship between ZBTB16 genotypes and 
biochemical or anthropometric phenotypes. Concerning 
our data, X matrix involves a carrier status of minor 
alleles of ZBTB16 polymorphisms and age, while the 
Y matrix involves the lipid and anthropometric 
parameters. The main outcomes of the O2PLS analysis is 
firstly the number of well interpretable, relevant and at 
the same time mutually independent general 
characteristics explaining the relationships between X 
and Y, secondly the intensity and statistical significance 
of these relationships and finally, the importance and 
statistical significance of individual indices in X and Y 
for each of the aforementioned general characteristics 

(predictive components). Each continuous variable 
underwent checking for normality, homogeneity, 
symmetry and homoscedasticity (constant variance) 
before further processing. Most of these indices undergo 
a power transformation to meet the aforementioned 
assumptions. The data meeting these assumptions are 
normalized (the mean value is subtracted from each 
measurement and the result is divided by standard 
deviation) and the resulting dimensionless data formed 
from each continuous variables are analyzed by O2PLS 
together with binary genetic data. The measure of 
association between X and Y is firstly characterized by 
overall percent of variability shared between these 
matrices and secondly by a percent of variability in 
Y matrix explained by each predictive component. The 
importance of individual indices for individual predictive 
components is characterized by component loadings 
ranging from -1 (absolute negative correlation – linear 
dependence) to 1 (absolute positive correlation – linear 
dependence). The statistical certainty of component 
loadings is characterized by t-statistics, which are the 
ratios of component loadings to their standard errors and 
by levels of statistical significance calculated from the  
t-statistics (correlation coefficient R). The explained 
variability was tested by cross-validation. The cross-
validation is a method for assessing how much the 
statistical model is influenced by independent data. 
Statistical softwares Statgraphics Centurion, version XV 
from Statpoint Inc. (Herndon, Virginia, USA) for the 
power transformations and SIMCA-P v.12.0 from 
Umetrics AB (Umeå, Sweden) for O2PLS method were 
used.  

 
Results 
 

Table 2 demonstrates the ascertained frequencies 
of minor alleles and minor allele carriers of selected 
ZBTB16 polymorphisms in all study subjects. Tables 3 
and 4 show the results of the corresponding O2PLS 
models for men and women, respectively. In men, several 
anthropometric parameters (waist and abdominal 
circumferences, BMI, WHR, WHtR and BAI) and lipids 
(total and LDL cholesterol) significantly positively 
correlate with carrier status of minor ZBTB16 alleles 
(rs567057, rs661223, rs675044 and rs686989). Table 4 
demonstrates positive correlations of anthropometric 
parameters (waist and abdominal circumferences, BMI, 
WHR, WHtR and BAI) and lipids (total and  
LDL cholesterol) with carrier status of minor ZBTB16 
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allele (rs686989) in women. The age was the main 
predictor of the studied parameters in men as well as in 
women. The O2PLS model explained 20 % (18.5 % after 
cross-validation) of the total variability of predicted 
variables in men and only 7.8 % (7.7 % after cross-
validation) in women.  

 
 

Table 2. Studied variants of ZBTB16 gene and the frequency of 
minor alleles and minor allele carriers. 
 

SNPs of 
ZBTB16 
gene 

Minor 
alelle 

Minor alelle 
frequency 

(%) 

Minor alelle 
carriers  

(%) 

rs11214863 T 31.4 52.5 
rs593731 G 16.8 30.7 
rs763857 T 37.1 60.8 
rs2846027 T 30.2 52.4 
rs681200 C 20.1 36.0 
rs686989 A 11.5 21.4 
rs661223 T 7.1 13.7 
rs675044 G 14.5 26.8 
rs567057 G 7.2 13.9 

 
 
Discussion 
 

There is growing evidence that ZBTB16 (also 
known as PLZF) protein is an important pleiotropic factor 
influencing cell cycle and many signaling pathways via 
interactions with nuclear receptors and via induction of 
epigenetic changes. Several studies using the 
experimental animal models and human tissue cultures 
demonstrated the evidence of the role of ZBTB16 in 
adipogenesis, lipid metabolism, cardiovascular traits and 
carbohydrate metabolism/insulin sensitivity. So, the 
altered ZBTB16 function could be one of the genetic 
triggers in the development of metabolic syndrome. The 
review summarizing the current knowledge on ZBTB16 
as a possible node of metabolic syndrome is given in this 
issue by Seda et al. (2017).  

Our study shows for the first time that ZBTB16 
gene variants also correlate with anthropometric 
parameters and lipid levels in human cohort. The minor 
allele carrier status of four ZBTB16 variants in intron 3 
(rs686989, rs661223, rs675044, rs567057) significantly 
positively correlated with obesity related traits and total 
and LDL cholesterol. It could be supposed that these 
minor intronic variants are in linkage disequilibrium with 

still unknown causal variant or directly decrease ZBTB16 
expression and/or deteriorate its function. In the animal 
model, a 3kb deletion in intron 2 of Zbtb16 gene was 
shown to affect a range of metabolic and developmental 
traits (Liska et al. 2009, Liska et al. 2014). 

Our findings are in concordance with recent 
studies confirming that expression of Zbtb16/ZBTB16 
plays an important role in the adipogenesis in white 
adipose tissue (Mikkelsen et al. 2010, Ambele et al. 
2016), as well as in brown adipose tissue (Plasier et al. 
2012). Using genome-wide data, Mikkelsen et al. (2010) 
discovered ZBTB16 as a new factor with anti-adipogenic 
activity. Overexpression of Zbtb16 suppressed the 
adipogenesis in L1 cells. Conversely, the RNAi-mediated 
knockdown of Zbtb16 enhanced the adipogenesis in 
L1 cells. Zbtb16 overexpression in brown adipocytes led 
to the induction of thermogenesis, accompanied by 
increased fatty acid oxidation, glycolysis and increased 
number and activity of mitochondria. It was accompanied 
by decreased triacylglycerols content and increased 
carbohydrate utilization in brown adipocytes. Moreover, 
using Hybrid Mouse Diversity Panel, Zbtb16 mRNA 
levels were inversely correlated with overall body weight 
and body fat content in four major white adipose tissue 
depots (Plasier et al. 2012). These authors also reported 
that in visceral adipose tissue of obese diabetic women, 
ZBTB16 expression was significantly lower than in  
age- and BMI-matched normal glucose tolerant controls 
(Plasier et al. 2012). Downregulation of Zbtb16 in Dgat1-
transgenic mice favoring intramuscular fat deposition was 
recently reported by Ying et al. (2017). 

On the other hand, transcriptome analysis of 
adipogenesis in human adipose-derived stromal cells 
revealed that ZBTB16 transcription factor was  
up-regulated throughout the whole differentiation process 
into adipocytes (Ambele et al. 2016). 

As for the lipid metabolism, the SHR-Plzf +/- 

targeted model (Liska et al. 2017) as well as SHR-Lx 
congenic strain (with intronic 3kb-deletion in Zbtb16; 
Seda et al. 2005b) exhibit effect of Zbtb16 disruption on 
lipid levels. SHR-Plzf +/- rats had lower levels of 
triacylglycerols and cholesterol, whereas SHR-Lx 
congenic rats were prone to glucocorticoid-induced 
dyslipidemia compared to SHR controls (Seda et al. 
2005b). In an experiment with fatty acid treatments, 
Zbtb16 was one of the most upregulated genes in the 
heart tissue, but surprisingly, this upregulation was 
independent of PPAR alpha (Georgiadi et al. 2012). 
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Table 3. Relationships between basal lipids and anthropometric parameters, and minor ZBTB16 allele carriers as evaluated by O2PLS 
model in men. 
 

  Variable 
Predictive component 

Component loadinga t-statisticsb Rc  

Relevant predictors rs567057 (AG+GG) 0.182 3.08 0.177 ** 
(matrix X) rs661223 (CT+TT) 0.151 2.56 0.144 * 

rs675044 (AG+GG) 0.181 3.06 0.184 ** 
rs686989 (AG+GG) 0.165 2.39 0.164 * 
Age 0.941 24.29 0.999 ** 

(matrix Y) 

Abdomen  0.336 2.85 0.470 * 
Waist 0.354 2.97 0.507 * 
BMI 0.285 2.49 0.358 * 
WHR 0.387 3.35 0.616 ** 
WHtR 0.365 3.24 0.570 ** 
BAI 0.257 2.62 0.404 * 
Total cholesterol 0.396 2.28 0.420 * 
Triacylglycerols 0.168 0.63 0.144  
LDL cholesterol 0.407 2.24 0.391 * 

Explained variability 20 % (18.5 % after cross-validation) 
 
a – component loadings for the predictive components expressed as regression coefficients, b – t-statistic is the ratio of the regression 
coefficient to its standard error, c – components loadings expressed as a correlation coefficients with predictive component, *p<0.05, 
**p<0.01. 
 
 
Table 4. Relationships between basal lipids and anthropometric parameters, and minor ZBTB16 allele carriers as evaluated by O2PLS 
model in women. 
 

  Variable 
Predictive component 

Component loadinga t-statisticsb Rc  

Relevant predictors rs686989 (AG+GG) 0.117 1.99 0.117 * 
(matrix X) Age 0.993 155.15 0.995 ** 

(matrix Y) 

Abdomen  0.325 3.63 0.327 ** 
Hip 0.157 1.68 0.129  
Waist 0.335 3.50 0.314 ** 
BMI 0.235 2.36 0.201 * 
WHR 0.385 5.07 0.376 ** 
WHtR 0.341 3.69 0.340 ** 
BAI 0.182 2.28 0.200 * 
Total cholesterol 0.340 3.15 0.283 ** 
LDL cholesterol 0.374 3.61 0.296 ** 

Explained variability 7.8 % (7.7 % after cross-validation) 
 
a – component loadings for the predictive components expressed as regression coefficients, b – t-statistic is the ratio of the regression 
coefficient to its standard error, c – components loadings expressed as a correlation coefficients with predictive component, * p<0.05, 
**p<0.01. 
 
 

The exact biological role of ZBTB16 in the 
adipogenesis and lipid metabolism is complex and 

remains to be elucidated. However, there are many 
possible relations between entities (genes, chemicals) 
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connecting ZBTB16 to symptoms of metabolic 
syndrome. The potential functional network links 
involving the ZBTB16 node are described in a review of 
Seda et al. (2017). Due to the key role of ZBTB16 in 
crucial biological processes, its expression is tightly 
regulated by alternative splicing, several post-
transcriptional modifications (reviewed by Seda et al. 
2017), as well as by hormones such as glucocorticoids 
(Fahnenstich et al. 2003, Chen et al. 2014), progesterone 
and estradiol (Dassen et al. 2007, Cheng et al. 2007) and 
nutrients – fatty acids (Georgiadi et al. 2012, de Wilde et 
al. 2008). These hormonal influences could explain our 
different results for men and women, as the effect of 
carrying ZBTB16 minor alleles was more pronounced in 
men.  

Our data support the possible role of the ZBTB16 
variability in the pathogenesis of obesity and impaired 
lipid metabolism in humans. In view of the fact that this 
gene has not been discovered by relevant GWAS (due to 
insufficient statistical significance), it may appear that the 
contribution of ZBTB16 gene variability on phenotypical 
features is rather small but its effect is probably modified 
by other factors or dependent on a particular genetic or 
biochemical/metabolic context. To fully evaluate the 
effect of ZBTB16 variation on body adiposity and body 

fat distribution, lipid levels and related traits, it might be 
necessary to utilize analytical models incorporating 
broader interactions (gene-gene, gene-nutrient, gene-
hormone etc.). 
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