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1 Introduction  

The main objective of the dissertation was to investigate whether there is a functional role of 

chemoreceptors sensing bitter tasting compounds, named bitter taste receptors (TAS2Rs), in 

cellular immune responses. The research specifically aimed to examine whether and how bitter 

tasting compounds modulate the response of immune-competent human gingival fibroblasts to 

a pro-inflammatory stimulus via targeting TAS2Rs. Specifically, a functional role of TAS2Rs in 

reducing a stimulus-evoked release of the pro-inflammatory cytokine IL-6 in human gingival fi-

broblasts was hypothesized. Verification of this hypothesis could (1) lay grounds for a novel cell 

model suitable for the identification of bitter-tasting compounds, (2) provide knowledge regard-

ing the functional roles of ectopically expressed TAS2Rs, and (3) open new avenues for thera-

peutic targets of cellular inflammatory processes.  

The sensory perception of bitter is one of the five basic tastes that humans can detect, in addi-

tion to sweet, sour, salty, and umami. Bitter taste perception on the tongue is mediated by 25 

bitter taste receptors (TAS2Rs), which are G protein-coupled (GPCR) receptors. 7,8 The evolu-

tionary rational behind this amount of TAS2Rs is still unclear. One possibility is that the diversity 

of TAS2Rs enables humans to detect and avoid a wider range of potentially harmful bitter com-

pounds, which are often associated with toxic substances found in nature.  

Interestingly, TAS2Rs are not limited to the taste buds in the tongue, where they detect bitter 

compounds in foods. During the past decade, their ectopic expression of TAS2Rs has been 

reported in a variety of tissues throughout the body. 9–13 One of the first studies showing a func-

tional role of ectopically expressed TAS2Rs was presented by Desphande et al. 11 , who 

demonstrated TAS2Rs agonists on airway smooth muscle to bronchodilate. This finding further 

highlights the potential of TAS2Rs as therapeutic targets in various pathological processes. 14 

Building on this observation, the identification of TAS2R agonists could be facilitated through 

the exploration of cell-specific TAS2R-dependent responses, made possible by the ectopic 

expression of TAS2Rs in specialized cell types. Given the need to identify and predict bitter 

tasting and bitter taste modulating compounds for the development of palatable foods and 

drugs, such cell culture models would offer many advantages over human sensory trials. 15 

Nevertheless, the wide range of chemical diversity among bitter tastants makes cell-based ap-

proaches for predicting bitterness a challenging endeavour. 

 

The traditional approach for identifying taste qualities is through sensory studies. It should be 

noted that such studies may exhibit a large threshold variability 16 and require toxicological data 

before each tasting. Other methods to measure bitter taste qualities are in silico strategies. 

These approaches have led to the development of large databases, such as BitterDB 17 or 
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FSBI-DB 18, which contain hundreds of reported and in silico-tested bitter compounds. Also ana-

lytical gustatory tools are used like “electronic tongues”. 19,20 Given demands for methods to 

investigate the taste on a high throughput approach, in vitro methods might provide an alterna-

tive. The ideal cell system in this context might be human primary taste cell cultures and immor-

talised taste cell lines derived from human tongue tissue. However, these cell lines are so far 

neither available nor validated for high throughput screening approaches. 21,22 Instead, cell lines 

of non-taste tissues endogenously expressing TAS2Rs have been created to identify cellular 

responses to TAS2R activation. 15 Different cell models, (e.g. the human parietal cancer cell line 

(HGT-1) 23–25 or human embryonic kidney cells (HEK 293 T-Gα16gust44) 26,27), have been es-

tablished to identify bitter tasting and bitter taste modulating compounds. HEK 293 T-

Gα16gust44 cells stably express the α chimeric G protein subunit Gα16gust44 28, which acti-

vates TAS2Rs to induce a phospholipase C activity, resulting in the formation of inositol 

trisphosphate, finally leading to a mobilization of intracellular calcium. 26,27,29 HGT-1 cells re-

spond to bitter tasting compounds via TAS2R-mediated proton secretion, and it has been 

shown that these data correlate well with sensory data. 24,25,30 In this cell system, involvement of 

individual TAS2Rs was validated by siRNA knock down and CRISPR-Cas9 knock out experi-

ments. 25 However, both methods have limitations. For instance, substances with interfering 

fluorescence may produce false positive or false negative results. Additionally, the human em-

bryonic kidney cells that are commonly used for TAS2R studies do not naturally express all the 

known TAS2Rs, known so far, and need to be transfected, making them a non-native cell line. 

Considering these limitations, it is important to explore new approaches that may overcome 

these challenges. Therefore, the search for a new, native cell line for TAS2R studies is warrant-

ed. 

Human gingival fibroblast cells (HGF-1) could potentially serve as a novel cell line for investigat-

ing TAS2R functionality, provided that a correlation can be established between the cells' inter-

leukin-6 response and bitter taste receptor activity. An increased production of the pro-

inflammatory interleukins IL-6 and IL- 8 by HGF-1 cells exposed to Porphyromonas gingivalis 

(Pg)-LPS concentrations ranging from 1 to 100 ng/mL after 6 h has already been shown. 31 Fur-

thermore, the function of TAS2Rs has been widely discussed in terms of immune defense func-

tions of the airway smooth muscle 11, upper respiratory tract 32,33, skin 34 and bladder 35. There-

fore, it was proposed and investigated in the here presented dissertation whether bitter-tasting 

compounds may target TAS2Rs in producing anti-inflammatory effects in HGF-1 cells. At the 

time the here presented work started, it was not known if either HGF-1 cell express TAS2Rs nor 

whether they play a functional role in the cells’ IL-6 response. Further, the cellular signalling 

cascade through TAS2Rs and IL-6 was unclear. Only the potential of bitter-tasting substances 

for immune defense had been demonstrated in the existing literature to date. 36–38 
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2 Sensory taste perception  

The gustatory system, also known as the sense of taste, is responsible for the perception of 

taste. When a substance in the oral cavity chemically interacts with a taste receptor, it triggers 

the taste cell to release neurotransmitters, which in turn send a signal to the brain, ultimately 

resulting in the perception of taste. 

 

2.1 The tongue and its taste buds 

The embryonic tongue development is a complex process that begins at approximately four 

weeks of primary age 39, followed by the development of taste buds at the eighth week of gesta-

tion. Embryonic taste buds develop during the 9th to 11th week of gestation. 40 Differentiation into 

various cell types occurs around the 11th to 13th postovulatory week. 40 Basically, this under-

scores the intricate and sequential nature of the development of the taste system in humans. At 

the end of foetal development, the dorsal tongue surface is covered by the structure that con-

tains taste buds, a stratified squamous epithelium, with numerous papillae: circumvallate papil-

lae, fungiform papillae, filiform papillae, and foliate papillae (Figure 1). 1,40,41  

 

Figure 1. The tongue’s architecture of numerous papillae which connected to the brain by nerves that 

transduce the taste signal. Three cranial nerves are innervating the taste buds: VII facial nerve, IX glos-

sopharyngeal nerve and X vagus nerve. Figure adapted and created with BioRender.com from Ahmad 

and Dalziel et al 2020. 1 

 

https://biorender.com/
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Taste cells are located within the taste buds and are classified into four types. 39 Type I cells 

have glia like functions. The two main classes are Type II and Type III cells, which account for 

one-third and 2-20 % of the cells in the taste bud, respectively. 42 Type II cells are G-Protein 

coupled receptor cells, which are stimulated by sweet, umami and bitter tasting compounds. 39 

Type III cells are stimulated by salty substances. 42 Located at the base of the taste buds are 

Type IV cells, which are termed basal cells. 39 It has been shown that several cell-to-cell com-

munication systems exists in the taste buds and are involved in signal processing. 42 

The signal transduction from the taste buds to the brain starts with by the initiated signal of taste 

receptors by synaptic association with sensory neurons. 1,43,44 Three cranial nerves innervate 

the taste buds: VII facial nerve, IX glossopharyngeal nerve and X vagus nerve. 

Apart from the physiological activity of these cell types and the resulting signal transduction, 

genetic variations of taste receptor proteins and specific settings of sensory tests must be con-

sidered when a taste quality is described. 1,16,45 

 

 

2.2 Sensory tests to evaluate the perception of bitter taste  

Amerine et al. (1965) 46 provided a definition of flavor as the collective sensations arising from 

the activation of the sensory receptors situated at the opening of the digestive and respiratory 

tracts. In sensory science, flavor is typically described as the overall impression perceived 

through the chemical senses of a product in the mouth (Caul, 1957) 47. 

  

The perception of flavor, like bitterness, can be best evaluated by means of human sensory 

trials. Ideally, the sensory panelists are voluntary human participants, who are trained to distin-

guish the main taste qualities – sweet, bitter, sour, salty and umami. According to the ISO 48 the 

basic taste quality training is conducted for the basic taste modalities (1) sweet by administra-

tion of 10 ppm sucrose, (2) bitter by administration of 0.3 ppm caffeine, (3) salty by administra-

tion of 2 ppm sodium chloride and (4) umami by administrations of 0.6 ppm monosodium gluta-

mate. 48 To evaluate a taste sensitivity of a compound, ascending concentrations of, e.g., the 

bitter tasting caffeine, are presented to and evaluated by either trained or non-trained panel-

ists. 49,50 Additionally, panelists are also asked to rank at least four concentrations of the test 

compound, e.g. caffeine or the bitter substance of relevance, according to their taste intensity. 50 

For compounds with multiple sensory qualities, e.g. acesulfame k or saccharin, a sensory char-

acterization might involve testing for sweet and bitter taste descriptors. 51 
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The sensory taste threshold test is a widely used method for assessing the taste quality of taste 

active compounds. This test determines the minimum concentration of a compound that can be 

detected by a panelist. 52  In the 19th century, the term “taste threshold” was first introduced by 

psychophysicists as a measure of the minimum concentration at which a substance can be 

sensed by a panelist. As per the ISO 49 definition, the stimulus threshold refers to the concentra-

tion of a test substance that elicits a sensory impression distinguishable from water, regardless 

of the specific taste being recognized. In contrast, the recognition threshold represents the con-

centration of a test substance at which the taste panelists can correctly identify and assign the 

sensory impression to the corresponding taste. 50 

The most fundamental way to characterize a perceptual system is to determine its ability to de-

tect a minimum signal strength, known as the detection threshold. Typically, this is assessed by 

having a subject indicate the presence or absence of a signal to a stimulus as a function of frac-

tional concentration measurements of a substance. 53,54 Alternatively, forced-choice tasks can 

be employed, in which the subject must identify which of several alternative stimuli elicits the 

signal. This approach produces an estimate of the detection threshold that is unbiased by a de-

cision criterion. In practice, forced choice tasks are the most usually used psychophysical pro-

cedures. Although independent of the decision criterion, forced-choice tasks may suffer from 

response, temporal or position bias, which are considered negligible in most cases. 55 The ideal 

setup for forced-choice testing requires long experimental durations and motivated panelists 

who are willing and capable of time-intensive sensory test sessions. The two-alternative forced 

choice (2-AFC) methods can decrease the number of trials, while maintaining good precision. 

As the number of alternatives increases, the stability of the threshold estimates is found to im-

prove. 53,56 

The ascending forced-choice method is a sensory evaluation technique that employs the meth-

od of limits to determine the concentration at which a substance becomes detectable to human 

senses. The concentration is gradually increased in predetermined steps until the substance is 

perceived by the subject. In addition to the method of limits, a forced-choice paradigm is em-

ployed, in which the substance to be detected is presented among a set of two blanks with no 

test compound concentration. This results in a three-alternative forced-choice method (3-AFC), 

in which the subject is required to identify the one different sample from a set of three. In case 

of uncertainty, the panelist has to make a guess. 52 

According to the ISO 13301:2018(E) 57, the 3-AFC procedure is used in two modes: (I) investi-

gation of the sensitivity of subjects to specific stimuli; (II) investigation of the ability of a chemical 

substance to stimulate the chemoreceptive senses. In detail, the 3-AFC procedure is described 

as follows 57: “The test is of discrimination in which the panelist is presented with three samples, 
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one of which is a test sample containing a selected stimulus familiar to the assessor, the other 

two being references, and where the assessor is instructed to identify the test sample.” 

Another method for sensory evaluation of a flavor quality that includes the onset and lingering is 

a time intensity (TI) study, which allows panelists to scale their perceived sensations over 

time. 58 The onset refers to the duration between the initial appearance of a taste sensation and 

its first peak intensity, while lingering refers to the length of time a taste persists in the mouth 

before gradually fading away. Therefor it can acquire from each panelist and sample the follow-

ing information: ”the maximum intensity perceived, the time to maximum intensity, the rate and 

shape of the increase in intensity to the maximum point, the rate and shape of the decrease in 

intensity to half maximal intensity and to the extinction point, and the total duration of the sensa-

tion. “ 58  

Sensory studies may encounter limitations in terms of threshold variability 16 and require toxico-

logical data prior to each tasting. Also analytical tools like “electronic tongues” are used. 19,20 

Other methods for the identification of bitter tasting substances are in silico strategies. 17  

 

 

2.3 Human cell-based assays to evaluate the bitterness 

In response to the need for efficient methods to identify taste active and taste modulating com-

pounds in a high throughput manner, in vitro approaches could serve as a potential alternative 

to sensory trials. Human primary taste cell cultures and immortalized taste cell lines derived 

from human tongue tissue might be the ideal cell systems in this regard. However, it should be 

noted that these cell lines are currently unavailable and have not yet been validated for high 

throughput screening purposes. 21,22 Therefore, several cell lines of non-taste tissues endoge-

nously expressing TAS2Rs have been established to identify cellular response of TAS2R acti-

vation. 15 These cell models e.g. are the human parietal cancer cell line (HGT-1) 23–25 and the 

human embryonic kidney cells (HEK 293 T-Gα16gust44) 26,27). The activation of TAS2Rs in 

HGT-1 cells is mechanistically linked to a secretion of protons. 24,59 This process is measured by 

determining the intracellular proton concentration using a pH-sensitive fluorescence dye known 

as SNARF-1 AM. This dye enables the investigation and assessment of the intracellular proton 

index. 24,59 The HEK 293 T-Gα16gust44 stable express the α chimeric G protein subunit 

Ga16gust44 28 which is involved in a signals cascade which finally is leading to a intracellular 

calcium mobilization and can be measured with a fluorescence radiometric dye.  

 

Both cell models have limitations, like interfering fluorescence of substances, which may lead to 

false positive or false negative results. Additionally, also pH sensitive substances are a chal-
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lenge for the measurement. 60 It has been demonstrated that phloretin 24, in addition, has the 

potential to suppress the fluorescence of the membrane-bound probe 61. On the one hand, re-

sults from the HGT-1 cells are hardly not in line with sensory trials. 24 The human embryonic 

kidney cell line 28, on the other hand, does not naturally possess all the currently known TAS2Rs 

and requires transfection, thus making it a non-native cell line. 

Given these limitations, it becomes crucial to investigate new approaches that can address 

these challenges. Therefore, the quest for a new, high-throughput native cell lines specifically 

for TAS2R studies is justified. 

 

 

2.4 Bitter substances and the chemical bitter space 

Sensory data, such as bitter taste thresholds, along with information on chemical properties, 

structures, and pharmacological activities of compounds, are available in the BitterDB. As of 

2019, the database contains information regarding 1041 bitter compounds 17,62, although not all 

bitter substances are included due to ongoing research. The effective concentration, as well as 

the EC50, the half maximal concentration to require 50 % of the maximal response, at which a 

substance activates a TAS2R receptor is also listed in the database. 17,62 It is shown that some 

TAS2Rs can be activated by structurally diverse compounds at a wide range of concentrations 

(so-called broadly tuned TAS2Rs), whereas other TAS2Rs are activated by a narrow range of 

compounds (called narrowly-tunes). 27,63 The diversity of chemical compounds that elicit a bitter 

taste sensation is illustrated in a 2-dimensional t-SNE plot as the bitter chemical space (Figure 

2). 2  
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Figure 2. 2-D t-SNE plot of the bitter chemical space, showing the chemical superclasses colored accord-

ing to ClassyFire (t-SNE 2 and 3) from Dunkel et al 2020. 2  

This plot is created on a fingerprint-basis via a machine learning algorithm. 2,64  The chemical 

space is very complex and encompasses a wide variety of chemical superclasses like: alkaloids 

and derivates, benzenoid, lipids and lipid-like molecules, organic acids and derivates, organic 

nitrogen compounds, organic oxygen compounds, organoheterocyclic compounds, organosulfur 

compounds, phenylpropanoids and polyketides as well as other chemicals. 2 This so called 

chemoinformatic view studies the structural similarities between sensory-evaluated bitter tasting 

substances and their TAS2R molecular docking properties. 2,65 

The motivation for exploring the bitter chemical space is to gain a better understanding of the 

molecular basis of bitter taste perception, as well as to identify and predict structural require-

ments for bitter tasting compounds that could be used in food formulations and medical thera-

peutic approaches.  

 

 

3 Non-gustatory expressed bitter taste receptors and their role in inflam-
mation 

Non-gustatory TAS2Rs are expressed, for example, in the gastrointestinal tract, where their 

activation results, e.g., in gastric acid secretion 9,25 or the release of satiety hormones from en-

teroendocrine cells 66,67. It is also shown that TAS2Rs are stimulated for immune defence func-

tions, in the upper airway, TAS2R38 mediates the beat frequency of ciliated cells from the nasal 

epithelium in response to quorum sensing acetyl–homoserine lactones (AHLs) from gram nega-

tive bacteria. 32,33,38 In the lung, the airway smooth muscle contractility, which is of interest for 
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the treatment of asthma, has been shown to be mediated by activation of TAS2Rs. 11,68 As 

some studies already reported TAS2Rs to play a role in the innate immunity, it is not surprising 

that also immune cells express TAS2Rs, like primary lung macrophages 69 and leucocytes 70,71. 

Substances that counteract inflammation or combat invaders, such as zinc, accompany inflam-

mation and immune cells hand in hand. Zinc is well known for its anti-inflammatory properties 72 

and its activation of TAS2R7. 73 Furthermore, drugs like antibiotics (chloramphenicol, erythro-

mycin, and ofloxacin), anti-malaria drugs (quinine and chloroquine), analgesics (acetamonifen) 

and, thyrostatic agents (metimazole and propylthiouracil) are bitter active substances. 4,74  

In a cellular level, TAS2R activation or inhibition by TAS2R agonists or antagonists, respective-

ly, results in a modulation of a signalling cascade (Figure 3) (for review see 3,4).  

 

 

 

 
 
 
Figure 3. Pathway of bitter taste receptors and their involvement in intracellular calcium mobile-zation, 

adapted and created with BioRender.com, for review see 3,4 . 

 

https://biorender.com/
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When a bitter tasting compound (which may also taste sweet at the same time, such as acesul-

fame k, saccharin) 51 binds to a TAS2R, it activates the chemoreceptor consisting of seven 

transmembrane domains (TM1-7) and three extra cellular loops (ECL1-3). 4,75 This activation 

leads to a guanosine diphosphate (GDP) to guanosine triphosphate (GTP) exchange, which 

dissociates into the α- subunit and the βγ-heterodimer. 4 This step subsequently activates the 

enzyme phospholipase Cβ2, which, in turn, generates inositol trisphosphate (IP3) from the pre-

cursor phosphatidylinositol biphosphate PIP2. 4As a result, calcium is released intracellularly, 

leading to the opening of the Transient Receptor Potential Cation Channel Subfamily M Member 

5 (TRPM5). 4 Opening of this cation-channel allows the influx of sodium ions and promotes cel-

lular depolarization. 76 Although this signalling cascade has been described for many non-

gustatory cells, e.g. human gastric parietal cells 25 and airway smooth muscle 11, human gingival 

fibroblasts have not been characterised accordingly. Moreover, no functional role of TAS2Rs in 

cellular mechanisms involved in responses to pro-inflammatory stimuli by immune-competent 

HGF-1 cells have been reported. Therefore, it is necessary to investigate and establish HGF-1 

cells as an in vitro cell model for identifying bitter-tasting compounds. Consequently, improving 

our understanding of the functional role of TAS2Rs in anti-inflammatory responses becomes 

crucial to advance medical therapeutic strategies aimed at maintaining oral health. 

 

 

3.1 Mechanisms of immune response human gingival fibroblasts located in the 

oral cavity  

The world dental federation (FDI) defines oral health as the health of the mouth, associated with 

the ability to speak, smile, smell, taste, touch, chew, swallow, as well as the ability to give facial 

expressions of emotions with confidence and without experiencing pain in the craniofacial com-

plex. 77,78 According to the Global Burden of Disease Study 2019 79, around 3.5 billion people 

suffer from oral diseases, with the consumption of a high sugar diet as well as the use of tobac-

co and alcohol being major risk factors. Furthermore, the oral hygiene is a key factor, along with 

hereditary impacts and environmental (e.g. dietary) impacts on the dental-plaque derived 

growth of bacterial communities, which are chiefly responsible for oral health. 77 According to 

16S rRNA sequencing, dental plaque comprises more than 500 distinct species, with Actinobac-

teria, Bacteroidetes, Firmicutes, Fusobacteria, Proteobacteria, and Spirochaetes being the most 

prevalent phyla. 80 The oral microbiota that live in a symbiotic relationship with the host play a 

vital role in preventing opportunistic pathogens from colonizing the oral cavity. This phenome-

non is known as colonization resistance, which is due to the limited available space for patho-

gen colonization. Streptococcus salivarius strain K12 is a beneficial bacterium associated with 
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good oral health that produces bacteriocin, a protein that has the ability to inhibit the growth of 

gram-negative bacteria that are commonly associated with periodontitis. 80  

There are also other critical factors for oral health, like the accumulation of dental plaque and 

the overgrowth of gram-negative bacteria, such as Porphyromonas gingivalis (Pg), Tannerella 

forsythia, and Treponema denticola, in periodontal pockets. These bacteria can trigger an over-

reaction of the immune system in the gum tissue, resulting in inflammation and the progression 

of chronic periodontitis. 81–83 As one of these bacteria, Porphyromonas gingivalis, an immotile 

obligate anaerobe bacterium, is equipped with virulence factors such as fimbriae, proteases, 

capsules, and lipopolysaccharides (LPS), which are endotoxins localized in their outer mem-

brane. At the beginning of the investigation of the here presented thesis, there was no available 

information in the literature regarding the relationship between LPS and the cellular chemosen-

sory signalling of TAS2Rs in humans. 

LPS triggers inflammatory responses that can exert both beneficial and harmful effects on tis-

sues. While inflammation processes help tissue protection and healing, chronic inflammation 

can lead to tissue damage. This is seen in gingivitis, which can progress to periodontitis and 

ultimately result in tooth loss. 79,84,85 Although periodontal diseases can reach an irreversible 

stage, they can still be stopped. Hence, it is crucial to investigate the impact of anti-

inflammatory substances, their potential pathways, and their identification. The host immune 

system responds to an inflammatory infiltrate by activating monocytes, macrophages, neutro-

phils, dendritic cells, and fibroblasts. 81,86 

However, microbial invasion in general activates innate and adaptive immune responses. The 

adaptive immune response activates a highly specific reaction. The response involves the 

recognition and elimination of specific pathogens by B and T lymphocytes. B cells produce anti-

bodies against specific pathogens, which can neutralize and eliminate them. T cells, on the oth-

er hand, can directly kill infected cells or help B cells produce antibodies. Both B and T cells can 

also develop immunological memory, which allows for a more rapid and efficient response to 

subsequent infections. 87 

The innate immune response in the oral cavity involves physical barriers such as saliva, muco-

sa, and gingival crevicular fluid. These barriers contain antimicrobial peptides and enzymes that 

can directly eliminate invading microorganisms. Additionally, resident immune cells such as 

neutrophils, macrophages, and dendritic cells play an important role in phagocytosing and pre-

senting antigens to the adaptive immune system. Furthermore, the innate response reacts in-

stantly to pathogen-associated molecular patterns (PAMPs) such as lipopolysaccharides (LPS) 

which are present in the outer cell membrane of gram-negative bacteria, such as Porphyromo-
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nas gingivalis (Pg). 88 The lipid A molecule is the active centre of Pg-LPS, and has been 

demonstrated to be responsible for endotoxic activation. It acts as an agonist for toll-like recep-

tor-4 (TLR4) expressed in immune-competent cells, such as gingival fibroblasts. 5,89,90 The LPS 

binding protein (LBP), functions as soluble shuttle protein and directly binds to LPS. Further-

more, it enhance the binding between LPS and CD14. 91,92  

CD14, a glycosylphosphatidylinositol-anchored protein, then transfers LPS to TLR4. The down-

stream pathway activation of the TLR-4 activation is shown in Fig. 4, adapted from Lu et al., 

2008. 5 When LPS binds to TLR-4, it triggers the intracellular process of the translocation of the 

NF – κB protein from the cytoplasm into the cell nucleolus. Upon recognition of LPS, TLR4 un-

dergoes oligomerization and downstream activation via Toll-interleukin-1 receptor (TIR) do-

mains. There are five TIR domain-containing adaptor proteins namely: myeloid differentiation 

primary response gene 88 (MyD88), TIR domain-containing adaptor protein, also known as Mal, 

MyD88-adapter-like (TIRAP), TIR domain-containing adaptor inducing IFN-β (TRIF), TRIF-

related adaptor molecule (TRAM), and sterile α and HEAT-Armadillo motifs-containing protein 

(SARM). 93 Thereafter TLR4 signalling is divided into MyD88 and TRIF dependent pathways. 5 

NF-κB also plays an important role in the transcription of cytokine genes, including pro-

inflammatory cytokines such as IL-1β, IL-6, and TNF-α. 94 
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Figure 4. Overview of LPS/TLR4 signalling. TLR4 signalling can lead to two pathways: the MyD88-

depent and the MyD88-independent pathway. Adapted from the Lu et al. 2008 5. 

 

The production of the pro-inflammatory cytokine IL-6 is attributed to various cells including B-

Lymphocytes, monocytes, macrophages, keratinocytes, endothelial cells, and fibroblasts. 95 The 

first description of IL-6 dates back to the 1970s, when it was identified as B cell stimulatory fac-

tor 2 (BSF-2) in the supernatant of T-Lymphocyte culture. Initially, it was found to be crucial for 

stimulating B cells to generate antibodies. 96 In fibroblasts, IFN-β2 and a 26 - kD protein, which 

were shown to be identical to BSF-2, cytokine IL-6 was detected in 1986. 97,98 IL-6 exhibits a 

four helical bundle structure, using a homodimer of the β-receptor glycoprotein 130 kDa (gp130) 

and an α – receptor subunit (IL-6R). 99,100 In addition to the membrane-bound IL-6R, there also 

exists a trans-signaling pathway through a soluble form of IL-6 called sIL-6R. 101 This soluble 

form of the receptor can bind to IL-6 and activate cells that do not express the membrane-bound 

receptor. 

IL-6 can exhibit a dual role in immune response. In acute inflammation, it acts as a defense 

mechanism and plays a vital role in host defense by stimulating immune cells such as T and B 

lymphocytes. However, in chronic inflammation, IL-6 can promote a pro-inflammatory environ-
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ment, contributing to the pathogenesis of various diseases. IL-6 is capable of inducing the solu-

ble receptor antagonist of IL-1 and TNF-α and inhibiting the production of IL-1 and TNF-α. 102 

High levels of IL-6 have been associated with several inflammatory disorders, including rheuma-

toid arthritis, multiple sclerosis, and periodontal disease. Therefore, IL-6 has been suggested as 

a potential therapeutic target for treating chronic inflammatory diseases. Additionally, IL-6 has 

been proposed as a marker for periodontal diseases. 102 

Under physiological conditions, IL-6 in human serum typically shows a concentration range of 1-

5 pg/mL. 103 A study by Kurtis et al. in 1999 evaluated gingival crevicular fluid (GCF) levels of IL-

6 and found that adult periodontitis patients had levels of 1.31 ± 0.92 ng/mL, while healthy sub-

jects demonstrated levels of 0.62 ± ng/mL. 104 It is important to note that the adult periodontitis 

patients in this study had significant loss of teeth attachment, pocket depth greater than 3mm, 

and alveolar bone resorption. 104  

 

The cell model studied here, namely the human gingival fibroblast cell model, was chosen be-

cause it is a well-proven cell model for the study of inflammatory processes in the oral 

cavity. 31,105–108 Moreover, this particular cell line exhibited anti-inflammatory activity when ex-

posed to various substances listed in BitterDB 17, including but not limited to hesperetin 107,108, 

neohesperidine 108, resveratrol 108, camphor 105 and naringenin, 107 

Fibroblasts originate from mesenchymal cells and are present in all tissues where they synthe-

size connective tissue. Their shape varies. They can be spindle-shaped, flattened, or elongated 

depending on their location. Fibroblast cells have a variety of functions, ranging from the pro-

duction of collagen and elastin fibres to the regulation of the extracellular matrix and contractili-

ty. 109 They also play essential roles in wound healing and providing structural support. 109 Fi-

broblasts are often described in the literature as sentinels due to their ability to respond to mi-

crobial pathogens. 110 

More specifically, human gingival fibroblasts (HGF-1 cells) are the predominant cells in the gin-

gival connective tissue (as shown in Figure 5). 111  
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Figure 5. Localization of the human gingival fibroblast and types of pro-inflammatory cytokines adapted 

from Soto-Barreras et al 2017 6. 

 

 

The tissues surrounding and supporting teeth can be affected by periodontitis, a chronic in-

flammatory disease. In this pathogenesis, pro-inflammatory cytokines like IL-1α, IL-6, and TNF-

α play a crucial role, produced by various cells in the periodontal tissues upon exposure to bac-

terial attack. They include macrophages, neutrophils, and gingival fibroblasts. The relationship 

of pro-inflammatory cytokines, like IL-1α, IL-6 and TNF-α with periodontitis is shown in various 

reports. 112–114 These cytokines have been demonstrated to stimulate the activity of osteoclasts, 

which break down bone tissue and result in bone resorption. They also facilitate the migration 

and activation of immune cells to the infected site, leading to the destruction of periodontal tis-

sues. Furthermore, they contribute to the degradation of extracellular matrix components, such 

as collagen and proteoglycans, causing a loss of attachment of connective tissue to the tooth. 

As the immune system responds to the pro-inflammatory stimulation via monocytes, neutrophils 

and macrophages 115, the inflamed tissue is than attacked by host defence mechanisms via ma-

trix metalloproteinases 116. IL-8 act as chemotactic agents for neutrophils, which are identified 

as a key player in periodontitis, causing tissue destruction. 117,118  

Human gingival fibroblasts (HGF -1) cells are the predominant cell type of the alveolar bone-

lining mucosa, and they interact constantly with the oral microbiome and its molecules. These 

cells express pattern recognition receptors (PRRs) and respond to molecular patterns. During 

bacterial virulence factors they react via TLR-4 with cytokines and chemokine production. 119 

This further leads to a recruitment of macrophages to attack bacteria. The use of Pg-LPS stimu-

lated HGF-1 cells to study anti-inflammatory compounds is well known. 31,106,107 Moreover, it has 

been shown experimentally that the production of IL-6 and IL-8 increases with exposure to Pg-

LPS ( 1 – 100 ng/mL) for 6 h. 31 So, upon stimulation with various physical and pathophysiologi-
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cal factors, HGF-1 cells can release cytokines and chemical mediators, including proinflamma-

tory chemokines and cytokines such as IL-1α, IL-1β, IL-6, IL-8, and TNF-α. 31,105,112,119–122   

Therefore, it was proposed that investigating the HGF-1 cell model may help identify a potential 

link between bitter-tasting substances and the IL-6 response. 
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4 Objectives  

The here presented work was aimed at investigating whether bitter-tasting compounds can in-

duce anti-inflammatory effects in human gingival fibroblasts (HGF-1 cells) via targeting TAS2Rs.  

The underlying hypothesis was that HGF-1 cells functionally express TAS2Rs and regulate their 

anti-inflammatory response via TAS2R signaling. Proof of this hypothesis could (1) lay grounds 

for the HGF-1 cell line being established as in vitro cell model for the identification of bitter-

tasting compounds, and (2) improve our understanding of the functional role of TAS2Rs in anti-

inflammatory responses with relevance for medical therapeutic approaches in maintaining oral 

health. 

The first step of the here presented work was to investigate whether TAS2Rs are expressed in 

HGF-1 cells and whether they play a functional role in the anti-inflammatory effects of bitter-

tasting compounds in Pg-LPS treated HGF-1 cells. After evaluation of the bitterness of two food 

constituents for which a bitterness had been reported in the literature, the more bitter tasting 

compound was selected for a mechanistic study using HGF-1 cells. In this study, HGF-1 cells 

were exposed to Pg-LPS as pro-inflammatory stimulus, which resulted in the release of pro-

inflammatory cytokine IL-6 and changes in TAS2R gene expression. Co-treatment of the bitter 

compound selected and Pg-LPS revealed a functional role of one of the TAS2Rs, as evidenced 

by results from a comprehensive molecular biology approach including TAS2R50 siRNA knock-

down experiments.  

The second step was to test whether the modulation of Pg-LPS stimulated IL-6 release demon-

strated for a TAS2R50 agonist was receptor- and/or compound-specific, or whether an associa-

tion between any compound’s bitterness perceived and its effect on the Pg-LPS evoked IL-6 

release can be established. This research question was tested using a selection of various bit-

ter-tasting compounds from the bitter chemical space. Whereas receptor-specificity was tested 

by means of molecular docking experiments, compound-specificity of the cell model was stud-

ied by means of a molecular biology approach of which the results were correlated with the test 

compounds’ bitter taste threshold data available from the literature. Results from this correlation 

were taken to evaluate the established cell model for its suitability to identify bitter tasting com-

pounds. 





18 
 

5 Results 

 

5.1 “Bitter Sensing TAS2R50 Mediates the trans-Resveratrol-Induced Anti-

inflammatory Effect on Interleukin 6 Release in HGF‑1 Cells in Culture” 

 
Johanna Tiroch1, Sonja Sterneder1, Antonella Di Pizio2, Barbara Lieder1, Kathrin Hoelz3, Ann-

Katrin Holik1, Marc Pignitter1, Maik Behrens2, Mark Somoza2,3,4, Jakob P. Ley5, Veronika Somo-

za1,2,6 

1 Department of Physiological Chemistry, Faculty of Chemistry, University of Vienna, Vienna, 

Austria. 

2 Leibniz Institute of Food Systems Biology at the Technical University of Munich, Freising, 

Germany. 

3 Department of Inorganic Chemistry, Faculty of Chemistry, University of Vienna, Vienna, Aus-

tria. 

4 Chair of Food Chemistry and Molecular Sensory Science, Technical University Munich, Freis-

ing, Germany. 

5 Symrise AG, Holzminden, Germany 

6 Chair for Nutritional Systems Biology, Technical University Munich, Freising, Germany 

 

Published in Journal of Agricultural and Food Chemistry 2021 69 (45), 13339-13349  
DOI: 10.1021/acs.jafc.0c07058 

 

This study investigated the anti-inflammatory properties of the bitter-tasting substances resvera-

trol and rosmarinic acid and whether their bitter taste could be reduced by the antagonistic 

compound homoeriodictyol which targets TAS2R20, TAS2R31, TAS2R43, TAS2R50 in HGF-1 

cells. Furthermore, it sought to clarifying the involvement of TAS2R50 as a key player during the 

anti-inflammatory activity of resveratrol. This was conducted via ELISA, PCR and knock-down 

experiments and validated with molecular modeling. Additionally, the molecular interaction of 

Pg-LPS with resveratrol and homoeriodictyol was examined via LC-MS/MS analysis. A DAVID 

Cluster Analysis following a cDNA microarray approach was performed on HGF-1 cells to de-

termine changes in individual gene expression. 

I participated in the experimental design of the sensory study and subsequent analysis of the 

results. Additionally, I planned and analysed the in vitro experiments in HGF-1 cells to measure 

their mRNA expression and IL-6 release, as well I conducted the siRNA knock-down experiment 

in HGF-1 cells for TAS2R50. Additionally, I performed and analysed the molecular interaction 
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analysis of Pg-LPS with resveratrol and homoeriodictyol via LC-MS/MS. The DNA microarray 

synthesis was done by Kathrin Hoelz. I performed the cDNA preparation of the HGF-1 cells and 

analysed both the microarray results and the DAVID cluster analyses. The in vitro experiments 

in human gastric parietal tumour cells (HGT-1 cells) were conducted and analysed by Sonja 

Sterneder. The molecular modeling was performed by Dr. Antonella di Pizio. Furthermore, I did 

the statistical data analysis and prepared the draft of the manuscript.  
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5.2 “Human Gingival Fibroblasts as a Novel Cell Model Describing the Associa-

tion between Bitter Taste Thresholds and Interleukin-6 Release” 

 

Johanna Tiroch1,2, Andreas Dunkel3, Antonella Di Pizio3, Jakob P. Ley4, Barbara Lieder1, Ve-

ronika Somoza1,3,5 

 

1 Department of Physiological Chemistry, Faculty of Chemistry, University of Vienna, Vienna, 

Austria. 

2 Vienna Doctoral School in Chemistry (DoSChem), University of Vienna, Austria. 

3 Leibniz Institute for Food Systems Biology at the Technical University of Munich, Freising, 

Germany. 

4 Symrise AG, Holzminden, Germany 

5 Chair for Nutritional Systems Biology, Technical University Munich, Freising, Germany. 

 

Published in Journal of Agricultural and Food Chemistry 2023 71 (13), 5314-5325 

DOI: 10.1021/acs.jafc.2c06979 

 

This study investigated whether HGF-1 can give rise to a suitable cell model for the identifica-

tion of bitter tasting substances. The first step was to investigate whether the association be-

tween IL-6 release and TAS2R50 in HGF-1 cells was selective to resveratrol. For this purpose, 

four different substances (epigallocatechin gallate, quinine HCl, naringin and sinensetin) were 

selected from the chemical bitter space to test their anti-inflammatory activity in Pg-LPS treated 

HGF-1 cells measured via IL-6 release reduction compared to their potential binding in 

TAS2R50 via molecular binding studies. Further, co-incubation experiments using bitter tasting 

compounds and the bitter masking compounds homoeriodictyol and matairesinol were per-

formed to evaluate the possible involvement of other TAS2Rs beside TAS2R50. Moreover, ad-

ditional compounds from the chemical space were selected to test their anti-inflammatory activi-

ty in the Pg-LPS evoked IL-6 release by HGF-1 cells. Together with literature-based bitter taste 

threshold data for the tested compounds, results were subjected to a correlation analysis in or-

der to test the model’s suitability to identify potentially bitter tasting compounds. 

The computational pathway analysis of the link between TAS2R50 and IL-6 release was led by 

Andreas Dunkel. I supported this analysis via literature research. I planned, developed, and 

analysed the verification of these results in vitro via immunofluorescence staining of HGF-1 cells 

for GNAI3. Furthermore, I studied the role of TAS2R50 for the potential binding of four different 

substances (epigallocatechin gallate, quinine HCl, naringin and sinensetin) from the chemical 
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bitter space via molecular binding under the supervision of Antonella di Pizio. I also carried out 

the IL-6 ELISA experiments of which the results were normalized and statistically analysed by 

Andreas Dunkel. Analysis of the intracellular proton index of human gastric parietal tumor cells 

(HGT-1 cells) were conducted by Sonja Sterneder and Sofie Zehentner. Furthermore, I pre-

pared the draft of the manuscript.  
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6 Conclusions and Perspectives 

The aim of this research was to investigate whether human gingival fibroblasts (HGF-1 cells) 

are equipped with TAS2Rs and what role these bitter taste sensing chemoreceptors play in a 

bitter taste compound’s evoked anti-inflammatory response by Pg-LPS treated HGF-1 cells. 

Furthermore, research was conducted to evaluate the suitability of HGF-1 cells as an alternative 

cellular model for identifying bitter-tasting compounds.  

The first study titled "Bitter Sensing TAS2R50 Mediates the trans-Resveratrol-Induced Anti-

inflammatory Effect on Interleukin 6 Release in HGF‑1 Cells in Culture" investigated the anti-

inflammatory activity of bitter tasting-substances, namely resveratrol (RSV) and rosmarinic acid 

(RA), and the role of bitter taste receptors (TAS2Rs) in HGF-1 cells. First, a sensory study was 

conducted to compare the bitterness of RSV and RA, with RSV being found more bitter. Ho-

moeriodictyol (HED), a bitter masking compound, was used in a sensory test to confirm the 

general involvement of TAS2Rs. In addition, the intracellular proton index (IPX) was analysed in 

the RA- and RSV-treated HGT-1 human gastric cancer cell line as well-established cell model 

for the identification of bitter tasting and bitter taste modulating compounds to demonstrate the 

effect of bitterness on a cellular level. 24,25,123,124 In this model, the more bitter a substance re-

mains the more protons are pumped out of the cells, which leads to a decreasing intracellular 

proton concentration. 24,25,123,124 The functional roles of RSV and RA on IPX values were con-

firmed, as shown in previous results. Moreover, their anti-inflammatory activity was evaluated by 

measuring their impact on IL-6 release induced by Pg-LPS in HGF-1 cells. To investigate which 

TAS2Rs may be involved, RSV was tested with and without the presence of the bitter masking 

compound HED (TAS2R20/31/43/50) 25 in HGF-1 cells using real-time quantitative PCR. The 

data indicated that TAS2R50 was involved, which was confirmed on a functional level by means 

of an siRNA knock-down approach. Furthermore, in silica computational modelling approaches 

suggested that RSV could bind to the hydrophobic pockets of TAS2R50. 

In conclusion, the study demonstrated (1) that HGF-1 cells express TAS2Rs, and (2) that 

TAS2R50 plays a functional role in the anti-inflammatory activity of RSV in Pg-LPS treated 

HGF-1 cells. This finding suggests that TAS2R50 may be a promising target for the develop-

ment of novel therapeutic agents for the treatment of inflammatory diseases in the oral cavity. It 

is worth noting that previous studies have also reported the involvement of bitter taste recep-

tors, including TAS2Rs, in immune responses and inflammation in the oral cavity. For example, 

a study showed that TAS2Rs were recently detected in primary gingival epithelial cells, with the 

TAS2R14 recognising quorum sensing molecules from Streptococcus mutans, a cariogenic 

bacterium, and mediating an immune response via IL-6, TNF-α, CXCL-8/IL-8 release. 125  
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Furthermore, a recent cross-sectional study examined the correlation between TAS2R geno-

types and oral health, specifically markers for oral inflammation and unstimulated salivary flow 

rate. The study found that TAS2R4-rs2233998, TAS2R5-rs2227264, TAS2R50-rs1376251, and 

TAS2R9-rs3741845 were positively associated with a higher mean of unstimulated salivary flow 

rate. 126 However, an increased salivary flow rate is generally thought to be linked to higher in-

flammation and poor oral hygiene. 127 Additionally, the study revealed that TAS2R4-rs2234001, 

TAS2R4-rs2233998, and TAS2R9-rs3741845 were also associated with the number of de-

cayed, missing, and filled teeth in the permanent teeth (DMFT-index). 126 

The conclusion of the first paper posed the question for the second study entitled "Human Gin-

gival Fibroblasts as a Novel Cell Model Describing the Relationship between Bitter Taste 

Thresholds and Pro-Inflammatory IL-6 Release" (2). Specifically, the question was whether oth-

er plant constituents that a bitter taste have can reduce the release of IL-6 in Pg-LPS treated 

HGF-1 cells, and if there are other bitter taste receptors involved besides TAS2R50. Another 

main objective of this study was to investigate if there is a correlation between a compound’s 

bitter taste threshold and its anti-inflammatory activity on the Pg-LPS evoked IL-6 release in 

HGF-1 cells.  

According to a recent study by Zhou et al., HGF-1 cells do express nearly all the TAS2Rs genes 

identified so far. 128 In the study presented here, the TAS2R50 pathway was analysed using 

reactome 129, and confirmed through immunofluorescence staining. The results demonstrate the 

relevance of GNAI3 in the signaling of TAS2R50 and IL-6 release. Additionally, another recent 

study on signaling in HGF-1 cells indicated that TRPM4, rather than TRPM5, plays a critical role 

in the signal transduction of TAS2Rs. 128 It was also found that HGF-1 cells contain the G Pro-

tein Subunit Alpha Transducin 3 (GNAT-3) which is essential for TAS2R downstream signal-

ing. 128  

To investigate additional substances that may potentially involve TAS2R50 in anti-inflammatory 

effects, further test compounds were selected from the chemical bitter space. The chemical bit-

ter space is a 2D t-SNE plot distribution based on fingerprints, and includes a variety of bitter 

substances categorized into different superclasses. 2 From this dataset, a diverse set of bitter 

substances was selected for further analysis. Firstly, four TAS2R agonists were chosen for the 

study based on their structural similarities. These included epigallocatechin gallate (EGCG), 

naringin (NAR), and sinensetin (SNT). In addition, one TAS2R agonist with a structurally distinct 

composition, quinine hydrochloride (QHCl), was also selected. All selected compounds were 

tested for their ability to reduce the IL-6 release in Pg-LPS treated HGF-1 cells. Results showed 

that all compounds demonstrated a reducing effect on the Pg-LPS evoked IL-6 release. Since in 

the first part of this work, TAS2R50 was shown to be involved in the anti-inflammatory effect of 
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RSV, TAS2R50 involvement was hypothesized in this part as well. To test this receptor specific-

ity, molecular docking studies were performed to assess the compounds’ potential binding to 

TAS2R50. This analysis revealed a molecular interaction of Trp883.32 and Asn923.36 for SNT. 

NAR was excluded due to its possible interaction with the extra cellular loop. EGCG and QHCl 

showed a drop in the docking score compared to SNT and were missing the interaction with 

Asn923.36. This interaction might be essential for ligand recognition and activation of TAS2Rs 130. 

The results suggested that other TAS2Rs might be involved because there was no correlation 

between the docking score and the reduction in Pg-LPS evoked IL-6 release caused by the bit-

ter-tasting compounds selected.  

Involvement of other TAS2Rs than TAS2R50 was also tested by co-incubation experiments 

using the selected bitter-tasting compounds and one of the two bitter-masking compounds, HED 

and matairesinol (TAS2R43/4 shown in (2) publication). The results of these experiments re-

vealed an involvement of other TAS2Rs beside TAS2R50, as only HED, targeting 

TAS2R14/20/31/39/43/50 25, was able to abolish the anti-inflammatory effect of only SNT and 

QHCL on the Pg-LPS-evoked IL-6 release in HGF-1 cells, whereas MAT was effective in all co-

incubation experiments. To test the robustness of this system, seven additional substances, 

comprising carpinontriol B (CAB), dioscin (DIOS), iso-alpha acids (IsoA), isosinensetin 

(IsoSNT), L-arginine (L-Arg), RSV and theobromine (THEO), were tested in at least six different 

concentrations for their anti-inflammatory effect on the IL-6 release evoked by Pg-LPS in HGF-1 

cells. The data achieved were used to calculate the 25 % inhibitory concentration on IL-6 re-

lease, which was then found to significantly correlate with the test compounds’ bitter taste 

threshold (R²: 0.60, p < 0.01). The bitter taste compounds’ response revealed from this HGF-1 

cell model, was compared to results from the well-established HGT-1 cell model. This model 

has already been well-established for the identification of bitter tasting and bitter taste modulat-

ing compounds. 23–25,59,131 Correlation analysis between the compounds’ bitter taste threshold 

concentration and the intracellular proton index, analysed as an outcome measure of TAS2R-

associated proton secretion, revealed no statistically significant association (R²: 0.153, 

p > 0.05), making the here established HGF-1 cell model a superior approach for the identifica-

tion of bitter tasting compounds.  

In conclusion, this second study showed that HGF-1 cells do express several TAS2Rs genes, of 

which at least TAS2R50 is functionally involved in modulating the release of IL-6 by HGF-1 cells 

after Pg-LPS treatment. Quite recently, in 2021, a functional role of TAS2R16 in the E. coli LPS-

induced cytokine expression in HGF-1 cells has been published. In this study, a TAS2R16 acti-

vation by salicin points to an anti-inflammatory role of TAS2R16 via inhibition of the NF-κB sig-

nalling cascade. 128 Furthermore, bitter taste receptors were detected recently also in gingival 
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epithelial cells. 125 In this study, the authors demonstrated that TAS2R14 recognises quorum 

sensing molecules from Streptococcus mutans, a cariogenic bacterium, and mediates an im-

mune response via IL-6, TNF-α, CXCL-8/IL-8 release. 125  

An overall conclusion of this thesis is that the native cell model HGF-1 cells has been demon-

strated to be a suitable native cell model for the identification and may also be used to predict 

bitter-tasting substances. One of the clear advantages of the HGT-1 cell model over sensory 

tests is that not toxicity data and only very small amounts of the compounds to be tested are 

needed.  

Moreover, the here presented cell model might also be suitable for the identification and predic-

tion of anti-inflammatory compounds based on their bitter taste. This perspective is of current 

interest and was followed by Dragos et al. in the last year 2022, who performed a meta-analysis 

using MoleculareTasteDB and current literature. The results showed that bitter phytochemicals 

act on more inflammation-related targets than non-bitter-tasting compounds. 132 Another recent 

review by Dong et al., also published in the year 2022, discussed the mediating effect of taste 

receptors, especially bitter and sweet taste receptors, on health-relevant microbiota-host inter-

actions in the oral cavity. 133  

The here presented PhD thesis laid grounds for a novel native cell model for the identification of 

bitter tasting and bitter taste modulating compounds with potential anti-inflammatory activities. 

In the context of some bitter-tasting drugs 30 (antibiotics: chloramphenicol, erythromycin, and 

ofloxacin; anti-malarial drugs: quinine and chloroquine; analgesics: acetamonifen; thyrostatic 

agents: metimazole and propylthiouracil) 4,74 , this newfound knowledge may (1) establish a new 

high throughput technology to test bitter tasting substances via the HGF-1 cells and their IL-6 

release, and (2) help identify new potential targets.  

Additional research is necessary to confirm, on a high throughput level, the potential of the here 

presented HGF-1 cell line as a novel cell model for identifying bitter-tasting and bitter taste 

modulating compounds. In future studies, it will be essential to determine which TAS2Rs are the 

most critical targets, leading to an anti-inflammatory response when activated. Furthermore, it is 

crucial to investigate whether this is a cascade of TAS2Rs or just one pathway, which discrimi-

nates against others. Additionally, the cellular signalling pathways are not yet fully understood, 

particularly if other cytokines or chemokines are activated or blocked, not only in HGF-1 cells 

but also in other, preferably primary cell types of various tissues. These additional investigations 

will help to establish new targets for a healthy oral cavity, which is of particular common interest 

since 3.5 billion people globally are currently suffering from inflammatory oral diseases, e.g., 

gingivitis. 
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Appendix 

8  Abstract 

The main objective of this dissertation was to investigate whether there is a functional role of 

chemoreceptors sensing bitter tasting compounds, named bitter taste receptors (TAS2Rs), in 

cellular immune responses. The research specifically aimed to examine whether and how bitter 

tasting compounds modulate the response of immune-competent human gingival fibroblasts to 

a pro-inflammatory stimulus via TAS2Rs. Specifically, a functional role of TAS2Rs in reducing a 

stimulus-evoked release of the pro-inflammatory cytokine IL-6 in immortalized human gingival 

fibroblasts of the HGF-1 cell line was hypothesized. Proof for this hypothesis could lay grounds 

for using HGF-1 cells as an alternative model to identify bitter tasting and bitter taste modulating 

compounds.  

The first study hypothesized a TAS2R-mediated anti-inflammatory activity of the two bitter tast-

ing compounds, resveratrol (RSV) and rosmarinic acid (RA), in HGF-1 cells treated with lipopol-

ysaccharides from Porphyromonas gingivalis (Pg-LPS) as pro-inflammatory stimulus that induc-

es a release of the pro-inflammatory cytokine interleukin-6 (IL-6). The results revealed a more 

potent ameliorating effect of the Pg-LPS induced IL-6 release and transcription, as quantitated 

by ELISA and qRT-PCR, respectively, for RSV, of which the bitterness in a two-alternative-

forced-choice test (2-AFC) was also ranked higher by sensory panelists than that of RA. Mech-

anistically, the functional role of one of the TAS2Rs, namely TAS2R50, in the RSV-evoked anti-

inflammatory effect was identified by means of a HGF-1 cell-based TAS2R50-targeted siRNA 

knock-down experiment, and by an in silico molecular docking approach which demonstrated a 

potential binding of RSV to the hydrophobic pockets of TAS2R50. 

The second study aimed to investigate whether other bitter tasting plant constituents, that are 

widely distributed over the structurally divers chemical bitter space and target a variety of all 

human TAS2Rs identified so far, could also reduce the Pg-LPS induced release of IL-6 in HGF-

1 cells, and if, in addition to TAS2R50, other TAS2Rs as well mediate this anti-inflammatory 

response. In an initial step, cellular TAS2R50 signalling pathways were analysed using reac-

tome and immunofluorescence staining, revealing an essential role for the signalling protein 

GNAI3. On a functional level, dose-response analyses were performed for each bitter tasting 

compound, resulting in a linear association (R²: 0.60, p < 0.01) between the compound’s con-

centration to inhibit 25 % of the Pg-LPS-evoked IL-6 release, quantitated by means of ELISA, 

and the compound’s bitter taste threshold reported in the literature.  

In conclusion, the HGF-1 cell model established may serve as a novel native cell model suitable 

for the identification of bitter tasting compounds. Moreover, the results demonstrated provide 

important insights into the role of bitter taste receptors in inflammation, suggesting them as new 

targets for anti-inflammatory therapies.  
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9 Zusammenfassung 

Ziel dieser Arbeit war es, zu untersuchen, ob Chemorezeptoren, die bitter schmeckenden Ver-

bindungen erkennen, sogenannte Bittergeschmacksrezeptoren (TAS2Rs), eine funktionelle Rol-

le bei zellulären Immunreaktionen spielen. Konkret sollte untersucht werden, ob und wie bitter 

schmeckende Verbindungen die Reaktion immunkompetenter menschlicher Zahnfleisch-

fibroblasten auf einen entzündungsfördernden Stimulus über TAS2Rs modulieren. Konkret wur-

de eine funktionelle Rolle der TAS2Rs bei der Verringerung der durch einen Stimulus ausgelös-

ten Freisetzung des pro-inflammatorischen Zytokins IL-6 in immortalisierten menschlichen 

Zahnfleischfibroblasten der HGF-1-Zelllinie postuliert. Der Nachweis dieser Hypothese könnte 

eine Grundlage für die Verwendung von HGF-1-Zellen als alternatives Modell zur Identifizierung 

von bitter schmeckenden und den Bittergeschmack modulierenden Verbindungen bilden.  

In der ersten Studie wurde eine TAS2R-vermittelte entzündungshemmende Wirkung von den 

bitter schmeckenden Verbindungen Resveratrol (RSV) und Rosmarinsäure (RA) in HGF-1-

Zellen untersucht, die mit Lipopolysacchariden von Porphyromonas gingivalis (Pg-LPS) als pro-

inflammatorischem Stimulus behandelt wurden. Pg-LPS induziert eine Freisetzung des pro-

inflammatorischen Zytokins Interleukin-6 (IL-6). Die Ergebnisse zeigten eine stärkere Verringe-

rung der durch Pg-LPS induzierten IL-6-Freisetzung und Transkription, quantifiziert durch ELI-

SA bzw. qRT-PCR, für RSV, dessen Bitterkeit in einem Zwei-Alternativen-Forced-Choice-Test 

(2-AFC) von sensorischen Panelisten ebenfalls höher eingestuft wurde als die von RA. Auf me-

chanistischer Ebene wurde die funktionelle Rolle eines der TAS2Rs, nämlich TAS2R50, bei der 

durch RSV hervorgerufenen entzündungshemmenden Reaktion durch ein auf HGF-1-Zellen 

basierendes TAS2R50-gezieltes siRNA-Knock-down-Experiment und durch einen In-silico-

Molekular-Docking-Ansatz identifiziert, der eine potenzielle Bindung von RSV an die hydropho-

ben Taschen von TAS2R50 zeigte. 

In der zweiten Studie sollte untersucht werden, ob andere bitter schmeckende Pflanzeninhalts-

stoffe, die weit über den strukturell vielfältigen chemischen Bitterraum verteilt sind und auf eine 

Vielzahl aller bisher identifizierten human TAS2Rs abzielen, ebenfalls die Pg-LPS-induzierte 

Freisetzung von IL-6 in HGF-1-Zellen reduzieren können und ob neben TAS2R50 auch andere 

TAS2Rs diese entzündungshemmende Reaktion vermitteln. In einem ersten Schritt wurden die 

zellulären TAS2R50-Signalwege mit Hilfe von Reaktome und Immunfluoreszenzfärbungen ana-

lysiert, wobei sich eine wesentliche Rolle für das Signalprotein GNAI3 herausstellte. Auf funkti-

oneller Ebene wurden für jede bitter schmeckende Verbindung Dosis-Wirkungs-Analysen 

durchgeführt, die einen linearen Zusammenhang (R²: 0,60, p < 0,01) zwischen der Konzentrati-

on der Verbindung zur Hemmung von 25 % der durch Pg-LPS ausgelösten IL-6-Freisetzung, 
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die mittels ELISA quantifiziert wurde, und der in der Literatur angegebenen Bitterkeitsschwelle 

der Verbindung ergaben.  

Zusammenfassend lässt sich sagen, dass das etablierte HGF-1-Zellmodell als neuartiges nati-

ves Zellmodell für die Identifizierung von bitter schmeckenden Verbindungen dienen kann. Dar-

über hinaus bieten die Ergebnisse wichtige Einblicke in die Rolle der Bittergeschmacksrezepto-

ren bei Entzündungen und deuten darauf hin, dass diese Chemorezeptoren neue Ziele für ent-

zündungshemmende Medikamente darstellen können. 
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