
1 3

DOI 10.1007/s00726-015-1938-9
Amino Acids (2015) 47:1053–1063

ORIGINAL ARTICLE

Differential regional and cellular distribution of TFF3 peptide 
in the human brain

Hans‑Gert Bernstein · Henrik Dobrowolny · 
Kurt Trübner · Johann Steiner · Bernhard Bogerts · 
Werner Hoffmann 

Received: 11 November 2014 / Accepted: 9 February 2015 / Published online: 18 February 2015 
© Springer-Verlag Wien 2015

Keywords  TFF3 · Trefoil factor · 
Immunohistochemistry · Neuron · Brain

Introduction

TFF3 (formerly intestinal trefoil factor, hP1.B) belongs 
to the trefoil factor family (TFF) of secretory peptides (for 
review, see Hoffmann 2013). The mature peptide consists 
of 59 amino acid residues including seven cysteine resi-
dues (Hauser et  al. 1993). At least in the intestine it forms 
disulfide-linked heteromers with the mucus-associated IgG 
Fc binding protein (FCGBP, Albert et  al. 2010). TFF3 is 
widely expressed in mucous epithelia and their glands and 
it enhances mucosal restitution and modulates apoptosis and 
angiogenesis (for reviews, see May and Westley 1997; Hoff-
mann and Jagla 2002; Kjellev 2009; Hoffmann 2013). TFF3 
is also detectable in body fluids, such as circulating blood 
(Gardiner et  al. 2013), sputum (Jagla et  al. 1999; Wiede 
et  al. 1999; Samson et  al. 2011), cerebrospinal fluid (Jagla 
et al. 2000; Paterson et al. 2014); urine (Rinnert et al. 2010), 
gastric juice (Kouznetsova et al. 2004), tears (Paulsen et al. 
2002), and breast milk (Vestergaard et  al. 2008). Interest-
ingly, during pregnancy blood serum concentrations of TFF3 
show a more than 47-fold increase (Samson 2013). Patho-
logically, TFF3 expression is dysregulated in inflammatory 
diseases and many neoplastic conditions (for reviews, see 
Kjellev 2009; Hoffmann 2013). Interestingly, lectin activity 
has been reported for TFF3 (Reeves et al. 2008).

Of special note, TFF3 expression has also been detected 
in the brain (Probst et  al. 1995; reviews: Hoffmann et  al. 
2001; Hoffmann and Jagla 2002), where the peptide is 
capable of modulating various cell physiological (Probst 
et  al. 1996; Jagla et  al. 2000; Derbyshire and Ludwig 
2004; Shi et  al. 2012a; Liu et  al. 2013; Wu et  al. 2014) 
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and behavioral processes such as fear (Schwarzberg et  al. 
1999), depression (Shi et  al. 2012a), learning and object 
recognition (Shi et  al. 2012b), and opiate addiction (Wu 
et  al. 2014) processes. Moreover, molecular variants of 
the TFF3 gene and/or its altered expression in peripheral 
tissues have been linked with neurodegenerative and neu-
ropsychiatric disorders (Alzheimer disease, Paterson et al. 
2014; Parkinson’s disease: Kriks et  al. 2011; schizophre-
nia, Chissoe St et al. 2008; Gardiner et al. 2013; alcohol-
ism, Hashimoto et al. 2011). While local synthesis of TFF3 
has unambiguously been demonstrated in oxytocin-produc-
ing neurons situated in the paraventricular and supraoptic 
hypothalamic nuclei (Probst et al. 1995, 1996; Griepentrog 
et al. 2000; Jagla et al. 2000; Schwarz et al. 2001) as well 
as in neurons of the rodent cerebellar internal granular layer 
(Fu et  al. 2014), there is yet no consensus regarding the 
possible occurrence of TFF3 peptide in other brain regions. 
Remarkably, there are numerous reports on the presence 
of low to moderate TFF3 mRNA concentrations in most 
(if not all) brain areas of developing and adult murine and 
human brain and spinal cord (Probst et al. 1995, 1996; Rey-
mond et al. 2002; Hinz et al. 2004; Cui et al. 2006; Pereira 
et  al. 2009; Cadet et  al. 2010; Kriks et  al. 2011; Hashi-
moto et al. 2011; Fu et al. 2014; Allen Brain Atlas, http://
human.brain-map.org/microarray/gene/show/6991?rw=t; 
GeneNetwork, http://www.genenetwork.org/webqtl/
WebQTL.py?cmd=search&gene=Tff3; GeneCards, http://
www.genecards.org/cgi-bin/carddisp.pl?gene=TFF3). 
Furthermore, TFF3 protein expression was detected in 
MAP2-expressing neurons in primary cell cultures pre-
pared from rat cortex and hippocampus and in activated 
microglial cells in vitro, indicating a function for TFF3 in 
immunomodulatory processes of the CNS (Fu et al. 2014). 
However, for the human brain nearly no information is yet 
available on the cellular localization of TFF3 peptide in 
extrahypothalamic areas, although detailed knowledge of 
its precise distribution patterns is an indispensible prerequi-
site for a better understanding of the impact of TFF3 for the 
normal brain function as well as to rate possible disease-
related changes. To fill this knowledge gap, we decided to 
systematically map adult and developing human brains for 
their regional distribution and cellular localization of TFF3 
immunoreactivity.

Materials and methods

Subjects

Human postmortem brains were obtained from the New 
Magdeburg brain collection. The case recruitment, acqui-
sition of personal data, performance of autopsy, and 

handling of autoptic material were conducted in accord-
ance with the Declaration of Helsinki and was approved by 
the Ethical Committee of Magdeburg. In addition, written 
consent was obtained from the next-of-kin. The brains of 
four human subjects (three males, one female; mean age 
53.4 ± 3.1 years) without a history of neuropsychiatric dis-
order were investigated. None of the subjects had a history 
of substance abuse or alcoholism. An experienced neuro-
pathologist ruled out changes due to neurodegenerative or 
traumatic processes.

Prenatal brains

Human prenatal brains were obtained from three sponta-
neously aborted fetuses (17th gestational week, abortion; 
N =  1; 19th gestational week, abortions; N =  2). Brains 
were removed as quickly as possible (post-mortem delay 
between 2 and 7  h after death) and dissected into tissue 
blocks of about 1  cm3 or smaller volumes as previously 
described (Bernstein et al. 1987). Further tissue processing 
procedures were carried out as for adult brains. The com-
prehensive “the embryonic human brain: an atlas of devel-
opmental stages” (O’Rahilly and Müller 2005) was used 
for morphological orientation and help with the identifica-
tion of developmental stages.

Human pituitary glands

Three pituitaries were obtained at autopsy (Department of 
Forensic Medicine, University of Essen, Germany). The 
donors were two female subjects (aged 55 and 59  years, 
who died from generalized sepsis and suicide by hanging; 
post-mortem intervals 24 and 14  h, respectively) and one 
male (aged 33 years, who was killed in a car accident; post-
mortem interval 31 h). Pituitary glands were removed from 
the cranium, fixed in toto in 8  % formalin, embedded in 
paraffin, and cut at 20 μm using a sliding microtome. For 
morphological orientation every eighth section was stained 
with Azan as described earlier.

As a positive reference tissue (i.e., tissue with a known 
TFF3 immunostaining pattern) human colon was used.

Tissue processing

The adult subjects’ brains were removed within 9–22  h 
after death and fixed in toto in 8 % phosphate-buffered for-
maldehyde for at least 2 months (pH 7.0; T = 15–20 °C). 
The frontal and occipital poles were separated by coronal 
sectioning anterior to the genu and posterior to the sple-
nium of the corpus callosum. After embedding in paraf-
fin, serial coronal sections of the middle block were cut 
(20 μm) and mounted. The distance between the sections 
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was 1 mm. Every 50th section was Nissl and myelin stained 
(Heidenhain/Woelke).

Immunohistochemistry

To immunolocalize TFF3 we used monospecific poly-
clonal anti-TFF3 antisera generated in rabbits. In pilot 
studies, the three different antisera anti-rTFF3-1 (Probst 
et  al. 1995), anti-hTFF3-2 (Wiede et  al. 1999), and anti-
hTFF3-8 (same epitope as anti-hTFF3-2) were tested. All 
three antibodies yielded comparable and specific staining 
results (i.e., immunolabeling of identical cell populations) 
in the colon, the human hypothalamus, and the human hip-
pocampus. Because of the somewhat lower background we 
performed this study with the polyclonal antiserum anti-
hTFF3-2 against the C-terminal of human TFF3 (Wiede 
et al. 1999).

Whole brain frontal sections were collected at inter-
vals of about 1.8  cm from the level 2  cm rostral to the 
splenium to the posterior splenium and from the central 
portion of the Raphe nuclei to the caudal portion of the 
olivary nuclei. After dewaxing, the sections were boiled 
in 10 mM citrate buffer (pH 6.0) and then pre-incubated 
with methanol/H2O2 to suppress endogenous peroxi-
dases. After repeated washing with phosphate-buffered 
saline (PBS), the respective antibodies (anti-hCAT 1-3) 
were applied at dilutions of 1:200 in PBS. For visualiza-
tion, the avidin–biotin method (Vectastain-peroxidase kit) 
with 3,3′-diaminobenzidine as chromogen was used. The 
color reaction was enhanced by adding 2  ml of a 0.5  % 
nickel ammonium sulfate solution to the diaminobenzi-
dine as described previously (Bernstein et al. 1999). The 
procedure yielded a dark purplish-blue to dark-blue color 
reaction product. The specificity of the anti-hTFF3-2 anti-
serum was demonstrated by competition with the cor-
responding synthetic peptide, i.e., 200  μl anti-hTFF3-2 
(1:200 dilution) was pre-adsorbed with 4  μg synthetic 
peptide overnight at 4  °C. Further specificity controls 
involved the replacement of the primary antibody with 
buffer or normal serum. No specific immunostaining was 
found in control sections.

Results

Frontal whole brain sections were used allowing to 
localize a given antigen in several brain regions at 
one section. TFF3 immunoreactive material was pre-
dominantly expressed in multiple neurons. However, 
a population of white matter (but not gray) oligoden-
droglial cells and choroid plexus epithelial cells were 
also immunopositive for TFF3. No obvious gender 

differences with regard to brain regional expression pat-
terns of TFF3 were noticed.

Adult human brain

Cerebral cortex

The following cortical gyri were studied: anterior and 
posterior cingulate, orbitofrontal, dorsolateral prefrontal, 
parahippocampal, entorhinal, inferior temporal, medial 
temporal, insular, medial frontal, and superior frontal cor-
tex. TFF3 immunopositive neurons were found in all cor-
tical areas under investigation. However, the number of 
TFF3 expressing nerve cells was rather low in most corti-
cal areas, with the immunostaining being mostly restricted 
to some large layer III and V pyramidal cells and a subset 
of interneurons. In the entorhinal cortex, TFF3 was only 
found in neurons forming the pre-alpha clusters. Intracellu-
larly, the immunoreaction was located in the perikarya and 
the dendrites of the nerve cells. Typically, cell nuclei were 
free of reaction product (Fig.  1a–e). In all regions of the 
forebrain, TFF3 neuronal immunostaining completely dis-
appeared after competitive inhibition with the correspond-
ing synthetic peptide (Fig. 1f).

Hippocampus and amygdala

In the amygdala, TFF3 was weakly expressed in a subpop-
ulation of neurons. A considerable portion of hippocampal 
CA1, CA2, CA3, polymorphic and subicular pyramidal neu-
rons showed moderate TFF3 immunostaining (Fig. 2a, b). 
Dentate gyrus neurons were only faintly immunostained 
for TFF3.

Basal ganglia and thalamus

Moderately immunostained neurons were found to be 
scattered throughout the entire thalamus. The majority of 
Nucleus basalis of Meynert and medial habenular neurons 
were revealed to express TFF3 (Fig. 2a, d). Most neurons 
belonging to the lateral geniculate nucleus were also immu-
nostained for TFF3. Multiple TFF3 expressing cells were 
observed in the subventricular zone.

Hypothalamus, neurohypophysis

The hypothalamus was among the brain regions with the 
most prominent immunolocalization of TFF3. The most pro-
nounced immunostaining appeared in numerous supraoptic 
neurons and a subpopulation of neurons located in the para-
ventricular nucleus (Fig. 2e, f). In addition, TFF3 immuno-
reactive neurons were also observed in the lateral and the 
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arcuate nuclei. A very strong immunoreactivity was present 
in the nerve fibers of the median eminence, the hypophysial 
stalk (Fig. 2g), and the neurohypophysis (Fig. 2h).

Cerebellum

Somata of a majority of Purkinje neurons were strongly 
immunostained for TFF3. Besides, many granule cells 
and a few Golgi cells stood out by intense immunostain-
ing (Fig. 3a). However, this immunostaining was strongly 
but only incompletely inhibited after competition with 
the corresponding synthetic peptide (Fig. 3b). A moderate 

immunolabeling for TFF3 was also detected in neurons of 
deep cerebellar nuclei (i.e., dentate, emboliform and fastig-
ial nuclei; Fig. 3c).

Midbrain

Some moderately immunopositive neurons were seen in 
the substantia nigra and the ventral tegmentum. Neurons 
belonging to of the nucleus ruber (magnocellular part) and 
the oculomotoric nucleus showed strong TFF3 immunore-
activity (Fig. 3d, e), while nerve cells of the Edinger-West-
phal nucleus were only moderately immunolabeled.

Fig. 1   TFF3 immunopositive neurons in human neocortical areas. a 
Layer III pyramidal neurons and some interneurons express TFF3 in 
the anterior cingulate cortex. b TFF3 immunoreactive neurons in the 
orbitofrontal cortex. c TFF3 immunoreactive neurons forming a pre-
alpha cluster in the entorhinal cortex. d Moderately immunostained 
neurons in the temporal cortex. e A strongly TFF3 immunoreactive 

pyramidal cell in layer V of the posterior cingulate cortex, alongside 
with moderately immunostained interneurons. f Specificity control: 
no TFF3 immunostaining is detectable after competition with the cor-
responding synthetic peptide (posterior cingulate cortex, section adja-
cent to the section shown in d), scale bars 30 µm
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Fig. 2   TFF3 expression in the hippocampus, basal ganglia, thala-
mus, and the hypothalamo-neurohypophysial system. a Moderate 
TFF3 expression in numerous neurons of the hippocampal polymor-
phic layer, bar = 30 µm. b Some intensely immunostained neurons 
located in the subiculum bar =  30  µm. c TFF3 expressing neurons 
located in the Nuc. basalis of Meynert, bar =  30  µm. d Moderate 
immunlabeling of small neurons situated in the medial habenula, 

bar = 30 µm. e Intense TFF3 immunostaining appears in many SON 
neurons, bar =  40  µm. f A subpopulation of PVN neurons stands 
out by strong immunostaining for TFF3, bar = 40 µm. g Very strong 
immunolabeling of multiple nerve fibers in the hypophysial stalk, 
bar  =  30  µm. h TFF3 is highly expressed in the neurohypophy-
sis, while the intermediate lobe is (nearly) free of immunoreaction, 
bar = 75 µm
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Fig. 3   TFF3 expression in the cerebellum, the midbrain, and the 
brain stem. a Intense immunolabeling of cerebellar Purkinje cells 
and granular cells, bar = 30 µm. b Specificity control. A very weak 
immunostaining is still visible after the employment of TFF3 antise-
rum preadsorbed with TFF3 peptide before use, bar = 30 µm. c TFF3 
immunoreactive neurons in a deep cerebellar nucleus (Nuc. denta-
tus), bar = 50 µm. d Neurons situated in the Nuc. ruber appear to be 
heavily laden with immunoreaction product. Please note that besides 

the purplish immunoreaction product a red–brown color appears in 
some neurons due to the accumulation of iron, bar = 50 µm. e Very 
strong immunostaining in neurons of the oculomotoric nucleus, 
bar = 40 µm. f Numerous trigeminal neurons appeared prominently 
stained for TFF3 immunoreactivity, bar =  40  µm. g Pontine nuclei 
neurons highly express TFF3, bar = 30 µm. h TFF3 immunoreactiv-
ity in neurons of the Raphe nuclei, bar = 30 µm (color figure online)
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Brain stem

Intense TFF3 immunostaining was observed in some brain 
stem nuclei (especially in neurons belonging to the pontine, 
trigeminal and abducens nuclei; Fig. 3e–g). Raphe nucleus 
neurons stood out by strong immunostaining (Fig.  3h), 
whereas the inferior olivar nucleus showed only a faint 
TFF3 immunoreaction.

White matter

A considerable portion of white matter oligodendrocytes 
was revealed to express TFF3 immunoreactive material. In 
addition, a few interstitial white matter neurons were found 
to be immunopositive for TFF3 (Fig. 4a). This immunore-
action disappeared after preabsortion of the antiserum with 
TFF3 peptide (Fig. 4b).

Choroid plexus

TFF3 was highly expressed in the cuboidal epithelial cells 
(Fig.  4c). This immunostaining was not seen after preab-
sorption (Fig.  4d). Faint staining was found in endothe-
lial cells of a few capillaries. In larger blood vessels some 
TFF3 immunoreactive leukocytes could be observed.

The results of TFF3 immunostaining and corresponding 
specificity controls are summarized in Table 1.

Prenatal brains

Immunohistochemical evidence for the presence of TFF3 
was noticed at the 17th gestational week, when multi-
ple immunoreactive cells appeared in the cortex anlage 
(Fig. 4e). At the 19th gestational week, TFF3 is expressed 
in some radial glial cells and is also visible in numerous 
cortical and thalamic neurons (Fig. 4f, g). Intense intracel-
lular immunostaining was localized in the cytoplasm. A 
small portion of neuroblast cell nuclei, however, did also 
show a faint staining.

Colon

As a positive control for the antiserum anti-hTFF3-2, 
human colon was stained. As expected, very intense immu-
nostaining of goblet cells was observed (Fig. 4h).

Discussion

Although a wide distribution of TFF3 transcripts has been 
reported for the human brain, there is only limited evidence 
on protein level for the presence of TFF3 in brain regions 
outside the hypothalamus. Our immunohistochemical 

survey shows here for the first time that TFF3 immuno-
reactivity can be found in many regions of the adult and 
developing human brain. However, it is not known by now 
if TFF3 is secreted as a monomer, modified monomer, 
homodimer, or heterodimer (e.g., together with FCGBP).

A crucial point was the specificity of the anti-TFF3 anti-
sera used because conflicting results may arise from using 
different commercial TFF3 antibodies. For example, some 
suppliers emphasize that their TFF3 antibodies do not stain 
nervous tissue at all (e.g., monoclonal ab 108599 from 
Abcam), whereas others recommend even human brain 
tissue as a good example for positive cellular TFF3 stain-
ing (e.g., polyclonal antiserum PAB 19439 from Abnova). 
To avoid such problems, we used three well-characterized 
specific TFF3 antisera (Probst et  al. 1995; Wiede et  al. 
1999). Their specificity has been tested carefully includ-
ing competitive inhibition with the corresponding synthetic 
peptides (e.g., Fig. 1f) and staining of colon sections as a 
positive control (Fig.  4h). Carrying out such immunoab-
sorption controls, we were able to completely depress spe-
cific immunostaining in neurons of almost all brain regions 
as well as in white matter oligodendrocytes and chororid 
plexus epithelial cells. In the cerebellum, however, a faint 
staining remained in Purkinje cells. Of note, a similar result 
was obtained in the rat indicating probably non-specific 
TFF3 staining of these cerebellar cells (Fu et  al. 2014). 
Furthermore, notwithstanding the obtained depletion of 
specific immunostaining after preabsorption in certain non-
neural cells (i.e., oligodendroglia and choroid plexus epi-
thelia) we are skeptic with regard to a local synthesis of 
TFF3 in these cells, since there is yet no evidence for the 
presence of TFF3 mRNA. For example, the human choroid 
plexus has been previously reported to lack TFF3 tran-
scripts (Probst et  al. 1996). Thus, immunostaining might 
appear because of an uptake and/or binding of TFF3 by 
choroid plexus epithelial cells. Of note, TFF3 expression 
has been reported to occur also in aldynoglial cells of the 
rat olfactory bulb, i.e., CNS macroglia which seem to be 
related to Schwann cells (Rojas-Mayorquín et al. 2008). In 
addition, TFF3 immunoreactive material was detected in 
human median eminence tanycytes by others (Griepentrog 
et al. 1999). Thus, further studies are needed to learn more 
about TFF3 in non-neuronal cells of the brain.

No immunoreactivity was associated with astrocytes and 
microglia. The latter is in agreement with a recent report 
where TFF3 peptide was not detectable by the means of 
double immunohistochemistry in rat brain astrocytes both 
in vitro and in vivo (Fu et al. 2014). The lack of TFF3 in 
resting microglial cells observed here is also interesting 
with respect to a recent report that TFF3 is expressed in 
rat microglial cells in vitro (primary cultures), where these 
cells enter an activated state (Fu et al. 2014). Thus, TFF3 
expression is expected to be induced only after activation 
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Fig. 4   TFF3 in adult brain white matter, choroid plexus, developing 
human brain, and colon. a TFF3 expression in white matter cells. A 
portion of oligodendrocytes and some small interstitial white matter 
neurons (asterisk) moderately express the peptide, bar =  40  µm. b 
No specific immunostaining is visible after preabsorption of the anti-
serum with TFF3 peptide before use, bar =  40 µm. c Strong TFF3 
expression in choroid plexus epithelial cells, bar =  50  µm. d Lack 
of specific immunostaining in choroid plexus epithelia cells after 

preabsorption, bar  =  40  µm. e Developing human brain. Multiple 
TFF3 immunopositive neuroblasts in the cortex anlage. 17th gesta-
tional week, bar = 30 µm. f Developing human brain. Multiple TFF3 
immunopositive neuroblasts in the cortex anlage. 19th gestational 
week, bar =  30 µm. g Developing human brain. Strongly immuno-
reactive striatal neuroblasts, bar = 30 µm. h Positive reaction control. 
Intensely immunostained goblet cells in the colon, bar = 75 µm
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Table 1   Overview of the 
regional distribution and cellular 
expression of TFF3 peptide in 
the adult human brain

++++, Very strong staining; 
+++, strong staining; ++, 
moderate staining; +, weak 
staining; −/+, barely detectable 
staining; −, absence of staining

Overall cellular expression TFF3 Immunoreaction after  
preabsorption

Neurons ++/+++ −/+
Astrocytes − −
Oligodendrocytes ++ −
Microglia − −
Telencephalon Neurons ++/+++
 Fourteen different cortical areas Some layer III and V pyramidal  

cells ++/+++
−

Some interneurons +/++
Other neurons −/+

 Amygdala Neurons ++ −
 Nucleus basalis (Meynert) Neurons ++ −
 Nuc. caudatus and putamen Scattered neurons +/++ −
 Hippocampus Neurons ++ −
 Subfields CA1–CA3 Neurons +/++ −
 Dentate gyrus Neurons +
 Polymorphic/molecular layers Neurons ++/+++ −
 Subiculum Neurons ++ −

Diencephalon Neurons ++/+++ −
 Thalamic nuclei Neurons +/++ −
 Claustrum − −
 Cgl Neurons ++ −
 Habenula (medial) Neurons ++; nerve fibers ++ −
 Subventricular zone ++ −
 Hypothalamus Neurons ++/+++ −
 Nuc. paraventricularis Neurons +++ −
 Nuc. supraopticus Neurons +++ −
 Nuc arcuatus Neurons ++
 Median eminence; hypophysial stalk Nerve fibers ++++ −

Mesencephalon Neurons ++/+++ −
 Substantia nigra Neurons ++ −
 Nucleus ruber (magnocellular) Neurons +++ −
 Ventral tegmentum Neurons ++ −
 Oculomotoric nucleus Neurons +++ −/+
 Edinger-Westphal nucleus Neurons +/++ −

Brain stem +/++ −
 Pontine nuclei Neurons +++ −
 Raphe nuclei Neurons +++ −
 Locus coeruleus Neurons +++ −
 Inferior olive Neurons + −
 Abducens nucleus Neurons +++ −/+
 Trigeminal nucleus Neurons +++ −

Cerebellum ++/+++ −
 Purkinje cells +++ +
 Granule and golgi cells ++/+++ −/+
 Deep cerebellar nuclei +/++ −/+

Oligodendrocytes ++
White matter Interstitial neurons ++ −
Choroid plexus Epithelia +++ −
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of microglial cells, e.g., during inflammatory conditions 
such as stroke, multiple sclerosis, neurodegenerative dis-
eases, and after cerebral infection.

Clearly, neurons were identified as the predominant (and 
perhaps only) cell type to contain TFF3 peptide in normal 
conditions. Predominant staining of neuronal cells is in line 
with the situation described in the human and porcine hypo-
thalamo-pituitary axis (Probst et al. 1995, 1996; Jagla et al. 
2000; Schwarz et  al. 2001), the adult rodent cerebellum 
(Fu et al. 2014), as well as primary cultures of the rat hip-
pocampus and cortex (Fu et al. 2014). Of note, the strongest 
intracellular immunostaining appeared in neurons belong-
ing to various midbrain and brain stem nuclei, followed 
by a subset of hypothalamic neurons. This is in accord-
ance with previous data on the local distribution of TFF3 
transcripts in adult human brain (Allen Brain Atlas; http://
human.brainmap.org/microarray/gene/show/6991?rw=t). 
Interestingly, the cerebellum, which stood out by intense 
immunostaining in our hands (Fig. 3a), and which is known 
to abundantly express TFF3 in rodents (Hinz et al. 2004; Fu 
et  al. 2014), does only contain medium concentrations of 
TFF3 mRNA (according to Allen Brain Atlas data).

Based on the wide-spread expression of TFF3 in neu-
rons of human brain, the question on possible conse-
quences for our understanding of its function(s) in the brain 
is intriguing. Generally, there is accumulating evidence that 
TFF3 plays important roles in the development of the CNS, 
in its normal function in the adulthood, as well as during 
brain diseases. In particular, TFF3 expression in the cor-
tex anlage at the 17th gestational week is interesting with 
respect to results from the mouse where TFF3 expression 
was drastically reduced in the cortex at about P2 (Hinz 
et al. 2004). Functionally, in rodents the administration of 
TFF3 has been reported to induce c-Fos expression in neu-
rons of the hypothalamus, the basolateral amygdala, and 
the medial prefrontal cortex (Derbyshire and Ludwig 2004; 
Shi et al. 2012a, b), to modulate PI3 K/Akt signaling in the 
amygdala (Shi et al. 2012a), to exert neuroprotective effects 
in experimental cerebral ischemia/reperfusion injury (Liu 
et  al. 2013), to facilitate learning, object recognition and 
retention of memory (Schwarzberg et  al. 1999; Shi et  al. 
2012a, b), to evoke anti-depressant-like activities (Shi et al. 
2012a), to have pronounced anxiolytic effects at low doses 
but anxiogenic effects at a high doses (Schwarzberg et al. 
1999), and to attenuate naloxone-precipitated withdrawal 
in morphine-dependent mice (Wu et al. 2014). However, all 
these activities have to be considered as merely pharmaco-
logic effects of TFF3 as long as there is no evidence for the 
natural occurrence of the peptide in these brain regions. A 
local TFF3 peptide synthesis (as shown here) would thus 
increase the chance to interpret these effects as physiologi-
cally meaningful. Furthermore, there are indications for 
an involvement of TFF3 in various brain diseases ranging 

from alcohol dependence to Alzheimer disease. While a 
putative role of TFF3 in some of these disorders was pro-
posed because of the presence of disease-related TFF3 
gene polymorphisms or altered TFF3 expression in periph-
eral tissues (i.e., schizophrenia; Chissoe St et al. 2008; Gar-
diner et  al. 2013), other disorders have been studied with 
regard to TFF3 expression changes in the brain. For exam-
ple, altered TFF3 expression has been reported for the rat 
neocortex during abstinence following alcohol intoxication 
(Hashimoto et al. 2011). Recently, TFF3 was identified as 
a reliable cerebrospinal fluid biomarker associated with 
neurodegeneration in amyloid-positive individuals with 
Alzheimer pathology (Paterson et al. 2014), although TFF3 
mRNA levels do not significantly differ between Alzheimer 
disease patients and control cases (according to two inde-
pendent data sets published by GeneNetwork,http://www.
genenetwork.org/webqtl/WebQTL.py?cmd=search&gene
=Tff3).

Taken together, neurons (and probably also activated 
microglial cells; Fu et al. 2014) should be regarded as the 
major cellular sources for local TFF3 synthesis in the brain. 
Thus, the detection of a wide cerebral distribution not only 
of TFF3 transcripts, but also of TFF3 peptide, should help 
explain its multiple effects on the CNS.
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