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ABSTRACT 
Objectives: Ulcerative colitis (UC) is an inflammatory disease restricted to the colon's mucosal layer. UC is 
a complex disease with a largely unknown etiology. Mendelian Randomization (MR) is a method that uses 
variations in genes that have a causal effect of a modifiable exposure to the disease, in genetic epidemiological 
studies. Trefoil factor 3 (TFF3) is a secreted protein expressed mainly in the colonic mucosa that binds with 
the mucin 2 protein, forming a protective barrier for the colon mucosa from bacteria and other insults. This 
study aimed to identify if TFF3 levels in plasma are causally associated with UC. 
Methods: We performed a two-sample MR study. For exposure instrumental variables (IVs), genetically de-
termined TFF3 levels in plasma proteome quantitative trait locus data were obtained from the published liter-
ature. Outcome data were obtained from the GWAS catalog. The “TwoSampleMR” R package was used for 
MR. The statistical significance of IV effect sizes on the outcome is mainly evaluated by the inverse variance 
weighted (IVW) method. 
Results: The IVW test showed considerable statistical significance in all analyzed outcomes except for Crohn’s 
disease (CD) samples. Heterogeneity and horizontal pleiotropy tests showed no significant results for MR sen-
sitivity analysis.  
Conclusions: We showed that TFF3 levels in plasma were causally associated with the risk of UC. Increased 
levels of TFF3 are reversely associated with the risk of UC. The absence of any causal relationship between 
TFF3 and CD from the same study cohort also supports our causal inference. 
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 Inflammatory bowel disease (IBD) is a condition 

characterized by chronic inflammation of the di-
gestive tract. IBD is separated into two sub-

forms of the condition known as Crohn’s disease (CD) 
and ulcerative colitis (UC) [1]. UC is a usually relaps-

ing auto-inflammatory disease, which is restricted to 
the mucosal layer of the large intestine [2]. UC is a 
complex disease, and its etiology is largely unknown. 
However, several genetic, environmental, and autoim-
mune factors are suspected to be causative for UC [1] 

Corresponding author: Bayram Toraman, PhD., Assistant Professor. 
Phone: +90 462 377 79 57. E-mail: bayramtoraman@yahoo.com

How to cite this article: Toraman B, Fidan S, Yıldız G. Genetically 
determined plasma trefoil factor-3 levels are causally associated with the 
risk of ulcerative colitis: a Mendelian randomization study. Eur Res J. 
2024;10(1):8-16. doi: 10.18621/eurj.1285889 

Received: April 19, 2023 
Accepted: July 21, 2023 
Published Online: September 9, 2023

Copyright © 2024 by Prusa Medical Publishing 
Available at http://dergipark.org.tr/eurj 

This is an open access article distributed under the terms of Creative CommonAttribution-NonCommercial-NoDerivatives 4.0 International License

The European Research Journal   Volume 10   Issue 1   January 2024     8

http://orcid.org/0000-0002-6714-3343
http://orcid.org/0000-0003-4500-5668
http://orcid.org/0000-0002-7412-4319
https://doi.org/10.18621/eurj.1285889
http://www.prusamp.com
http://dergipark.org.tr/eurj
https://creativecommons.org/licenses/by-nc-nd/4.0/


Eur Res J. 2024:10(1):8-16 Plasma trefoil factor-3 and ulcerative colitis 

genetic heritable factors play a role in the etiology of 
IBD [3, 4]. It has also been shown that genetic herita-
ble factors are stronger in CD than in UC [3, 4]. To 
date, more than 120 genes/genomic loci have been as-
sociated with CD [5]. However, although genetics 
plays a significant role in the cause of UC, only 
twenty-nine genes, which are cataloged in large data-
bases, were associated with UC [6]. Genetic epidemi-
ological studies use two approaches to identify risk 
genes or genetic factors in the etiology of complex dis-
eases such as UC. These are hypothesis-driven candi-
date genes or hypothesis-free genome-wide 
association studies (GWAS) [7]. GWAS are powerful 
techniques for identifying risk genes or genetic factors 
in the etiology of complex traits or diseases [8, 9]. 
Published GWAS data statistics were deposited in the 
GWAS catalog (https://www.ebi.ac.uk/gwas/).  
      Mendelian Randomization (MR) is a method that 
uses variations in genes that are a causal effect of ex-
posure to disease in genetic epidemiological studies. 
The MR method has been increasingly used in genetic 
epidemiological studies in the last decade [10]. MR is 
a robust technique for confounding factors (sampling 
bias, environmental confounders, reverse causation, 
etc.) that cause incomplete and conflicting results in 
observational epidemiological studies [11]. MR is ana-
log to randomized controlled trials that are the gold 
standard for clinical causal inference studies. MR 
technique is based on the second law of Mendel, 
which is an independent assortment of parental alleles 
during meiosis and uses genetic variants as instrumen-
tal variables (IVs) for causal inference of risk factors 
onto outcomes (diseases/traits) [10, 11]. MR studies 
could be performed in a one-sample (single-study 
samples) or two-sample (two-independent study sam-
ples) manner. Two-sample MR (2S-MR) method has 
more statistical power when considering single-sam-
ple MR in terms of reaching a large sample size and 
needs only summary statistics, which are properly de-
posited in large databases, such as the GWAS catalog 
[10, 12].  
      Trefoil factors are members of the trefoil family 
of proteins characterized by having at least one copy 
of the trefoil domain [13]. In the human genome, they 
are represented by three genes settled in as a cluster 
on chromosome 21 known as Trefoil factor 1, Trefoil 
factor 2, and Trefoil factor 3 (TFF3). TFF3 is a se-
creted protein containing a 40-amino acid trefoil do-

main connected with three disulfide bonds and ex-
pressed mainly in the colonic mucosa (produced by 
goblet cells) and in other luminal tissues of the breast, 
thyroid, lung, etc. [13]. In the colonic mucosa, TFF3 
binds with mucin 2 protein (MUC2), which is a large 
glycoprotein, and they form a protective barrier for the 
colonic mucosa from bacteria and other microorgan-
isms [14]. The functions of TFF3 in IBD, various can-
cers, and various autoimmune diseases have been 
extensively studied and the level of its expression is 
associated with protective or adverse effects with these 
disorders [15]. In this study, we performed a univari-
able 2S-MR to find whether genetically determined 
TFF3 levels were associated with the risk of UC. To 
our knowledge, this is the first MR study on TFF3 and 
UC association.  
 
 
METHODS 
 
Exposure (TFF3) Data (For Discovery Analysis) 
Instrumental Variables (Single-Nucleotide Polymor-
phisms-SNPs) Selections for Exposure 
This study hypothesizes that levels of TFF3 in plasma 
could be associated with the risk of UC disease. Thus, 
this is a hypothesis-driven gene-centric 2S-MR study. 
For exposure IVs, genetically determined TFF3 pro-
tein levels in plasma proteome quantitative trait locus 
(pQTL) data (significant SNPs) were obtained from 
the study of Suhre et al. [16]. This study was per-
formed on European individuals (approx. 1,000 indi-
viduals) and in this dataset 61 SNPs were associated 
with plasma TFF3 levels (significance levels ranged 
from 1.21×10-12 to 7.9×10-6). Two of these SNPs were 
trans (on the other chromosomes) rather than chr6 in 
which the TFF3 gene is located) and the other SNPs 
were cis. To obtain independent exposure SNPs from 
those SNPs located on chr6, we performed a linkage 
disequilibrium (LD) pair-wise correlation (r2) matrix 
by using LDlink (selected the European (CEU) as a 
reference population) [17]. We pruned out SNPs that 
had r2 ≥ 0.30 on chr6. Then, 6 out of 61 SNPs were 
determined as independent exposure IVs (Fig. 1, Table 
1). F-statistics for each IV were calculated using       

the formula, where R2 = explained vari-
ance of IVs on exposure, n = sample size of pQTL 
GWAS exposure [18]. It is generally accepted that the 
F-statistic of each SNP should be >10 in MR studies 
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to avoid weak instrument bias [19]. R2 was calculated 
from 2×EAF×(1−EAF)×Beta2, where Beta=effect size 
of IVs, EAF=effect allele frequency of GWAS expo-
sure [18, 20] (Table 1).  
 
Exposure (TFF3) Data (For Replication Analysis) 
      Independent exposure data for TFF3 plasma levels 
were obtained from the study of Sun BB et al. In this 
study, 2,994 proteins of plasma in 3,301 individuals 
from European were analyzed by protein aptamers 
(SOMAmers) [21]. After pruning only one SNP 
(rs2524277) remained (Table 1) as an independent 
SNP and we performed Wald ratio analysis for the ef-
fect estimate of MR.  
 
Outcome (UC) Data  
      For outcome data, we searched the GWAS of UC 
that the summary statistics deposited in the GWAS cat-
alog, and samples of European descent. The Open 

GWAS database was especially suitable for this pur-
pose because it has been created for MR studies and 
contains thousands of summary statistics 
(https://gwas.mrcieu.ac.uk/). To obtain the most sta-
tistical power, we selected two studies that had larger 
sample sizes and were performed on people of Euro-
pean descent. The first study ID in the Open GWAS 
database was ukb-d-ulcernas, in which UC GWAS 
summary-statistic were derived from the United King-
dom (UK) Biobank. These data contained 1,903 UC 
cases and 361,194 controls (total sample size 
363,097). We denoted this study as outcome-study 1 
(OS1). The second independent study ID was ebi-a-
GCST003045, in which UC GWAS summary statistics 
were derived from a GWAS meta-analysis study of 
Liu et al. [22] (OS2). OS2 contains 6,968 UC cases 
and 20,464 population controls of European descent. 
Additionally, the second study contained 5,956 CD 
cases (ebi-a-GCST003044) (OS3) and together have 
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Fig. 1. (A) Mendelian Randomization acyclic graph (causal diagram) 1. SNP is associated with the exposure (relevance), 2. 
SNP is not associated with confounders (independence), 3. SNP only associated with outcome through the exposure (exclusion 
restriction). (B) Present study design flowchart. 
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been pooled as IBD cases (Fig. 1).  
      In all original studies in which we used summary 
statistics of them, it is reported that informed consent 
and ethical approvals were acquired from the local re-
search ethics committees. 
 
Statistical Analysis  
      Power was calculated using the total sample size 
of the outcome data using an online MR-power calcu-
lation tool (https://sb452.shinyapps.io/power/) (Table 
2). The “TwoSampleMR” (0.5.6), “Mendelian Ran-
domization” (0.5.0), and “‘devtools’” (2.4.4) packages 
were used for MR and statistical analyses. The “gg-
plot2” package is used for data visualizations. All 
analyses were conducted on R-platform (version 
4.1.0). The statistical significance of IV effect sizes on 
the outcome is mainly evaluated by the inverse vari-
ance weighted (IVW) method. MR-Egger, weighted 
median, and weighted mode methods were also eval-
uated as supportive evidence. Heterogeneity and di-
rectional (horizontal) pleiotropy of IVs were evaluated 
using Cochrane’s Q statistic and the MR-Egger inter-
cept test, respectively. While reporting our MR study, 
we have considered the STROBE-MR guidelines 
(https://www.strobe-mr.org/). 
 
 
RESULTS 
 
All selected SNPs used in this study are listed in Table 
1. These data indicate that rs2524277 has the maxi-
mum effect size (beta) and minimum P-value on the 

TFF3 protein levels in the plasma. The SNP 
rs12925077 has inverse effect size and the F-statistic 
of this SNP is 9 (<10), and has a weak-instrument bias; 
therefore, it has been excluded from subsequent analy-
sis.  
      IVW test showed considerable statistical signifi-
cance in all analyzed outcomes except for OS3, which 
is the CD samples (Table 2). Cochran’s Q statistic for 
testing heterogeneity of IVs by the 2S-MR analysis on 
OS1 showed no statistically significant heterogeneity 
(IVW Q=4.00, Q degrees of freedom (Q_df)=4 and 
Q_pval=0.40; MR Egger Q=3.23, (Q_df)=3 and P= 
0.35). Testing for directional horizontal pleiotropy 
(that is, a violation of the IV assumption 3) by Egger 
intercept showed no significant horizontal pleiotropy 
(egger intercept=-0.00018, se=0.00022 and P=0.46). 
Again, heterogeneity tests of IVW analysis on OS2 
and OS3 have not shown any significant heterogeneity 
(IVW Q=0.03, Q_df=1, Q_pval=0.86 for OS2 an-
dIVW Q= 0.20, Q_df=1, Q_pval=0.65 for OS3). Hor-
izontal pleiotropy could not be evaluated for OS2 and 
OS3 because only two SNPs remained after the har-
monization of SNPs of exposure and outcomes (it 
should be at least three IVs). The absence of hetero-
geneity in all study groups also means that the causal 
relationship is identical between groups (exposure IVs 
and outcomes). For visual inspection of the results, we 
created the forest plot and scatter plots from 2S-MR 
analysis (Fig. 2, Fig. 3, and Fig. 4).  
      In replication analysis for 2S-MR, we used the 
plasma proteome data of Sun et al. [21]. Wald ratio 
test showed considerable statistical significance in 
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OS2 outcome (OR=0.61; %95 CI 0.53-0.70) except 
for OS3, which is the CD samples (Table 2). Again, 
the Wald ratio test showed a statistical significance re-
sult in OS1 (OR=0.99; %95 CI-0.99-1). Taken to-
gether, we showed that the genetically determined 
protein levels of the plasma TFF3 are causally associ-
ated with the risk of UC in both discovery and repli-
cation studies. Increased levels of the plasma TFF3 are 
inversely correlated with the risk of UC.  

DISCUSSION 
 
In this study, we performed 2S-MR to understand 
whether genetically determined levels of TFF3 in the 
plasma were associated with the risk of UC. To our 
knowledge, this is the first MR study on TFF3 and UC 
association. Also, we could not find any hypothesis-
driven observational genetic association study on 
TFF3 and UC in the published literature. In this study, 
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Fig. 2. The scatter plot of causal relationships between Trefoil factor 3 (TFF3) SNPs and ulcerative colitis (UC) in OS1. Each 
dot represents a SNP, vertical and horizontal black lines around points show 95% confidence intervals (CI) for each poly-
morphism’s associations. The SNPs that increasing TFF3 levels are inversely correlated with the risk of UC. Four different 
color lines show MR association tests. 
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Fig. 3. Forest plots of the OS1 MR results. (A) Forest plot showing the effect estimates of each SNP on UC. (B) Forest plot 
showing the leave-one-out sensitivity analysis that is the estimated causal effect is shown for each excluded SNP and the 
overall estimate using all the SNPs. All association is shown in red. Each black dot represents a SNP and horizontal lines 
around points show 95% CI. 
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we showed that the effect of increasing TFF3 levels in 
plasma was associated with the decreasing risk of UC 
in all study groups of UC (Fig. 2, Fig. 4A). However, 
the OR of this effect seems quite small in OS1 (OR = 
0.99, 95% CI=0.988–0.999) (Table 2). In OS2, the ef-
fect of increasing TFF3 levels also decreased the risk 
of UC (Figure 4A). Nevertheless, the OR was quite 
larger (significant) than OS1 (OR=0.75, 95% 
CI=0.59–0.95). One SD increase of the TFF3 level in 
plasma is associated with a 25 and 39% decreasing the 
risk of UC in OS2 in the discovery and replication 
studies, respectively (Table 2). Having more patients 
with UC in OS2 than OS1 (approximately three-fold) 
may more accurately reflect the effect of TFF3 on the 
risk of UC in statistical analysis. Interestingly, in OS3 
there was not any effect of TFF3 levels on the risk of 
CD (OR=1.00, 95% CI=0.95–1.06) (Table 2). These 
findings support the view that the genetic basis of UC 
and CD are different [23]. In one study in which it was 
used 2S-MR approach and performed on the inflam-
matory proteins in plasma, it was found that an in-
creased level of the vascular endothelial growth factor 
A (VEGF-A) is associated with a decreased risk of UC 
[24]. VEGF-A levels were not associated with the risk 
of CD in that study. In another 2S-MR study by which 
is performed by Parisinos et al. [25], the SNP 
rs2228145 was used as IV and was showed that the 
soluble interleukin 6 receptor (sIL6R) levels in plasma 
are associated with decreased risk of CD and UC. To 

our knowledge, our 2S-MR study is the 3rd study in 
which plasma protein levels were used as a biomarker 
of UC risk assessment. Other studies on plasma TFF3 
mainly focused on the possible biomarker role of the 
plasma TFF3 in the UC disease activity/severity and 
outcome [26, 27]. Experimental studies performed on 
the intestinal mucosal barrier function of TFF3 show 
that TFF3 plays a major role in protecting and repair-
ing the mucosal epithelia from various insults [28]. 
TFF3 and MUC2 are primarily secreted protein forms 
of the goblet cells in the colon, they create a protective 
barrier and a natural immune response in terms of the 
first line of defense [28]. When Tff3 knockout mice 
(Tff3-/-) were exposed to dextran sulfate sodium 
(DSS) induced UC, it has been observed that they had 
impaired mucosal healing, poor epithelial regenera-
tion, and died from extensive colitis [29]. Thus, our 
MR study is consistent with the mentioned experimen-
tal studies in terms of the crucial role of TFF3 in the 
etiology and/or pathophysiology of UC. Nevertheless, 
in the first human clinical study of recombinant TFF3, 
it was not observed any additional benefits of TFF3 
treatment when compared with the effect of corticos-
teroid treatment alone [30]. However, more clinical 
trials should be performed to see the exact outcomes 
of the effects of recombinant TFF3.  
 
Limitations  
MR studies are based on some assumptions. Apart 

The European Research Journal   Volume 10   Issue 1   January 2024   14

!

! !Fig. 4. Scatter and forest plots of the OS2 MR results. (A) The scatter plot of causal relationships between Trefoil factor 3 
SNPs and ulcerative colitis. Each dot represents a SNP, vertical and horizontal black lines around points show 95% CI for 
each polymorphism’s associations. (B) Forest plot showing the effect estimates of each SNP on UC. All association is shown 
in red. Each black dot represents a SNP and horizontal lines around points show 95% CI.
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from relevance independence, and exclusion restric-
tion (Fig. 1A), the homogeneity assumption (that is 
the association of the IVs with the risk factor (TFF3) 
is homogeneous in the population) is based on accept-
ance and there is no process of objectively validating 
it. Our 2S-MR results are based on summary statistics 
derived from people of European ancestry; it should 
be careful when extending to other populations due to 
linkage disequilibrium (LD) differences among differ-
ent ethnicities. The UC diagnostic criteria and disease 
definition, as well as other unmeasurable factors, may 
be different between outcome study groups. Our 
SNPs, which are used as IVs explain a relatively small 
variance of the genetically determined plasma TFF3 
level (approx. 16%). Therefore, the more independent 
IVs that explain the greater variance of the levels of 
TFF3 in plasma will explain the risk of UC more robustly. 
 
 
CONCLUSION 
 
In the present 2S-MR study, we showed that TFF3 lev-
els in plasma are causally associated with the risk of 
UC. Increased levels of TFF3 are reversely associated 
with the risk of UC. The absence of any causal rela-
tionship between TFF3 and CD from the same study 
cohort also supports our causal inference. 
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