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Summary

Campylobacter jejuni is the most common cause of bacterial food borne disease, but studies on
its pathogenesis are still limited. The effects of various mammalian hormones such as, norepi-
nephrine, epinephrine, serotonin, corticosterone, cortisol and cortisone on growth and different
virulence mechanisms of Campylobacterwere reported previously.
In this study, the possible effects of norepinephrine, melatonin, estradiol, progesterone and in-
sulin on growth, adhesion and invasion of C. jejuni were investigated in human adenocarcinoma
colon cell (HT-29) line. Moreover, the alterations on biofilm formation on abiotic surfaces and re-
sponse to stress conditions were investigated. We also aimed to analyze the effects of hormones
and C. jejuni, together or separately, on viability of human adenocarcinoma colon (HT-29) cells.
Growth alterations were determined spectrophotometrically. Adhesive/invasive bacterial counts
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1. Introduction

Since it was shown that microorganisms have receptors
for insulin and estradiol as well as for other neuroen-
docrine hormones, researchers are interested for “mi-
crobial endocrinology” to explain biological processes
between host hormones and microorganisms during
an infection.1,2 It was shown that when a microorganism
enters the host, host conditions including hormones
have become the microbe’s environment.1–4 Like all
environmental factors, hormones (dopamine, epi-
nephrine, norepinephrine, melatonin, serotonin, estra-
diol, estrogen, progesterone, testosterone and insulin,
etc.) also found to regulate microbe’s behaviors such
as growth, metabolic processes, virulence mechanisms,
gene expressions, antimicrobial susceptibilities.1,3–9

Campylobacter jejuni is the most common cause of
bacterial food borne disease in many developed
countries.10,11 Although its’ infections are seen fre-
quently, studies on the pathogenesis are still limited.

According to our knowledge, the effects of various
mammalian hormones such as, norepinephrine, epi-
nephrine, serotonin, corticosterone, cortisol and cor-
tisone on growth and different virulence mechanisms
of Campylobacter were reported previously.8,12 In this
concept, the one of the objectives of this study was
to evaluate the effects of norepinephrine (NE), mela-
tonin (MEL), estradiol (EST), progesterone (PRO) and
insulin (INS) on the growth, adhesion and invasion of
C. jejuni in human adenocarcinoma colon cell (HT-29)
culture as an infection model. On the other hand, the
effects of host hormones on biofilm formation on abi-
otic surfaces and growth abilities of C. jejuni in oxida-
tive (in the presence of hydrogen peroxide, H2O2) and
nitrosative (in the presence of nitrosating agent
sodium nitroprusside, SNP) stress conditions were
also evaluated. In the meantime, we aimed to deter-
mine the effects of hormones and C. jejuni, together
or separately, on viability of human adenocarcinoma
colon cells (HT-29).

were evaluated by colony counting method. Biofilm formation was analyzed using a microtiter
plate assay. The alterations of HT-29 cell viability were determined via methyl thiazolyl diphenyl-
tetrazolium bromide assay.
According to ourresults, growth of C. jejuniwas decreased in the presence of hormones in a dose
and time-dependent manner (p<0.05). Each hormone at all concentrations reduced the adhesion
of bacteria (p<0.0001). The invasion of C. jejuni was increased in the presence of progesterone
and insulin at all concentrations; which were statistically significant (p<0.0001). The effects of
hormones on biofilm formation were variable. Hormones did not affect C. jejuni growth in oxida-
tive and nitrosative conditions (p>0.05). Each hormone and C. jejuni infection have separately de-
creased the viability of cells after 24 hours incubation (p<0.005). In 48 hours, viability of cells was
significantly increased in the presence of low-level estradiol (p<0.0001) and high-level proges-
terone (p<0.0005). The hormones were found to be significantly more effective on viability of in-
fected HT-29 cells than non-infected cells.
In conclusions, these findings once more showed that hormones affect C. jejuniduring infectious
processes.
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2. Materials and Methods

2.1. Bacterium, medium, and hormones
In this study, we used a Campylobacter jejuni strain
81116 which was kindly provided by Dr. György
Schneider, (University of Pécs, Hungary). C. jejuni was
grown in Brucella broth (BB) (Besimik, Turkey) under
microaerophilic conditions at 37°c for 48 hours. 

We evaluated the effects of each hormone at two
concentrations according to their psychological levels
of blood in a healthy person [NE (0.0017 and 0.04μg/mL),
MEL (6 and 60 pg/mL), EST (0.1 and 0.4 ng/mL), PRO (2
and 20 ng/mL) and INS (20 and 200 μIU/mL)] to mimic
in vivo conditions of host.

2.2. Cell culture
Human colon adenocarcinoma cell line (HT-29)
(91072201-1VL, Sigma-Aldrich) was used in these ex-
periments. The cell line was cultured in Dulbecco’s
modified Eagle medium (DMEM) (Sigma, 5546) sup-
plemented with 10% fetal bovine serum (FBS) (Biow-
est, S1810-500), 1% 2mM L-glutamine (Biological
Industries, BI03-020-1B) and 1% penicillin/strepto-
mycin (50 IU/ml penicillin and 50μg/ml streptomycin;
Biological Industries, 03-031-1B) and were seeded in
plates according to assays. We used HT-29 cells in
growth, adhesion, invasion and cell viability assays in
the presence/absence of hormones. 

The (human colon adenocarcinoma) cells were in-
cubated (37°c, 24 hours, 5 % cO2) to provide a conflu-
ent monolayer cell culture. The 96-well microplates
(1×104 seeding density each well) were used for bac-
terial growth and methyl thiazolyl diphenyl-tetra-
zolium bromide (MTT) assays for cell viability. While,
for bacterial adhesion and invasion experiments, 24-
well plates (5 × 104 seeding density each well) were
used.

2.3. Infection of human adenocarcinoma (HT-29
line) cells
Before inoculating C. jejuni, medium supplemented
with antibiotics was removed from the cell culture,
and antimicrobial solution-free DMEM and hormones
were added into the each well (20μL for each well/96-
well plates and 50 μL for each well/24-well plates) and
the plates were incubated at 37°c for 1 hour before
growth, adhesion, invasion and cell viability assays. C.
jejuniwas inoculated and incubated in Brucella broth
at 37°c for 24 hours for overnight culture. cells were
infected with an initial suspension of approximately
109 cFU/mL of C. jejuni then incubated at 37°c under
microaerophilic conditions in different periods ac-
cording to assay.

2.4. Bacterial growth
Infected cells with C. jejuni incubated in the pres-
ence/absence of hormones along with two- four- and
24 h periods for detecting alterations of growth. The
effects of each hormone concentration on bacterial
growth were determined by measuring the changes
in absorbance at 600 nm. The absorbance results of
infected HT-29 cell culture with/without hormones
were compared. The experiments were repeated
three times independently and all conditions were an-
alyzed thrice. 

2.5. Bacterial adhesion and invasion
Infected cells with C. jejuni were incubated in the pres-
ence/absence of hormones at 37°c for three hours
under microaerophilic conditions. 

Following the adhesion and invasion assay’s stages
(mentioned below), the effects of each hormone at all
concentrations were detected by comparing colony
counts (as cFU/mL) obtained from cell lysates of cell
cultures with and without hormones. The colony
counts of adhesive and invasive bacteria were deter-
mined as described previously.13,14 All conditions were
examined in triplicate and each experiment was per-
formed thrice. 

2.5.1. Bacterial adhesion
After incubation for three hours as mentioned above,
infected HT-29 cells in wells were washed three times
with phosphate buffer saline (PBS) to remove un-
bound bacteria and treated with 500μl 1% Triton X-
100 to lyse the cells for 10 minutes at 37°c under 5%
cO2 conditions. The real number of adhered-bacteria
was detected by colony counting method. We ho-
mogenized the cell lysates and inoculated on
Mueller–Hinton agar (MHA) (Spesera, Turkey) supple-
mented with 5% defibrinated sheep blood and incu-
bated at 37°c for 48 hours under microaerophilic
conditions. 

2.5.2. Bacterial invasion
Following incubation at three hours as mentioned
above, infected HT-29 cells in wells were washed with
PBS three times and a fresh medium containing 300
ng/ml gentamicin was added to kill extracellular bac-
teria and plates were incubated at 37°c for two hours
under microaerophilic conditions. Then, HT-29 cells
were lysed with Triton X-100 and for quantification of
invasive bacteria, cell lysates were homogenized and
inoculated as mentioned above. 

2.6. Bacterial biofilm formation
We used microtiter plate assay to detect biofilm for-
mation. The 96-well plates inoculated with 20μL C. je-
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juni (approximately 108 cFU/mL), 80μL BB and 100μL
of each hormone at different concentrations were in-
cubated at 37°c for 48 h under microaerophilic con-
ditions. 

After incubation, we aspirated the contents from
wells gently and washed them three times with PBS
to remove unattached bacteria and dried at 60°c for
30 min. To fixate the attached bacteria methanol was
added to each well and incubated for 15 min, the con-
tents of the wells were aspirated. 

For detecting biofilm formation, it was added 1%
crystal violet into each well to stain the biofilms and
the plates were incubated at room temperature for 30
minutes. After the aspiration of the dye gently, the
wells were washed with distilled water twice, the
plates were dried at 37°c. The crystal violet was dis-
solved by 20% acetone added ethanol in each well for
15 min at room temperature.

Biofilm formations were detected by optical den-
sity measurement in a spectrophotometer at 570
nm.15 In this assay, E. coli ATcc 25922 (a biofilm-form-
ing strain) was used as positive control and un-inocu-
lated BB without hormones was used as negative
control. All experimental conditions were analyzed
three times.

2.7. Bacterial growth in oxidative and nitrosative
stress conditions
To determine the effects of hormones on growth of C.
jejuni in oxidative and nitrosative stress conditions,
overnight cultures of bacteria were cultured in BB
with/without hormones at different concentrations
and incubated at 37°c for 48 hours under mi-
croaerophilic condition.16 After we spread 100μL bac-
terial suspensions onto MHA supplemented with 5%
defibrinated sheep blood, sterile filter discs contain-
ing hydrogen peroxide (H2O2) at different concentra-
tions (1 mM, 10 mM, 100 mM and 1 M) for oxidative
stress and sterile filter discs containing nitrosating
agent sodium nitroprusside (SNP) at different concen-
trations (10 μM, 20 μM, 40 μM and 80 μM) for ni-
trosative stress were placed onto each plate and the
plates were incubated at 37°c for 48 hours under mi-
croaerophilic condition.17,18 After incubation, the di-
ameters of inhibition zones around discs containing
H2O2 and SNP were measured. All conditions were an-
alyzed independently two times, each experiment
was replicated twice.

2.8 Human colon adenocarcinoma cell (HT-29) vi-
ability 
To determine the effects of hormones and C. jejuni, to-
gether or separately, on viability of human adenocar-
cinoma colon cells (HT-29), after cell culture was

incubated for 1 hour in 96 well plates with/without
hormones. Then overnight cultured C. jejuni (109

cFU/ml) were inoculated and incubated at 37°c along
with 24 and 48 hour periods under microaerophilic
conditions.

After each incubation period, it was washed the
wells three times with PBS to remove all residues.
Fresh culture medium and methyl thiazolyl diphenyl-
tetrazolium bromide (12 mM, Neofrox 3580 MTT) pre-
pared as described by Mosmann (1983) was added
into each well.19 The plates were further incubated for
4 hours at 37°c under microaerophilic conditions. We
aspirated the content from wells and remained for-
mosan crystals in wells were dissolved by adding di-
methyl sulfoxide (DMSO) for 10 minutes. Absorbance
was measured at 540 nm via the spectrophotometric
method. All experimental conditions were tested in
triplicate and each experiment was performed thrice.

2.9. Statistical analysis
The significant differences between experimental
conditions and control conditions were analyzed. Sta-
tistical analysis was carried out using two-way ANOVA
followed by Tukey’s and Sidak’s multiple comparisons
test for growth alterations and cell viability results, re-
spectively. One-way ANOVA followed by Dunnett’s
multiple comparisons test was used for the analysis of
adhesion, invasion and biofilm results. All results were
presented as mean ± SD. Differences with p values
less than 0.05 were considered as significant.

3. Results

3.1. Bacterial growth
After 2 hours incubation, the growth of C. jejuni was
statistically significantly (p<0.05) decreased in the
presence of all hormones at all concentrations except
high-level progesterone. The reduction of C. jejuni
growth in 4 hours incubation was found to be statis-
tically significant (p<0.05) for all hormones at all con-
centrations except low-level estradiol and proges-
terone.

However, the effects of hormones on growth of C.
jejuniwere surprisingly different in 24 hours. Although
all hormones reduced the growth of bacteria, the de-
creasing was not statistically significant except high-
level norepinephrine (p<0.05) and insulin (p<0.01)
(Figure 1). 

3.2. Bacterial adhesion 
All tested hormones at all concentrations were shown
to reduce the adhesion of C. jejuni which was statisti-
cally significant (p<0.0001). Moreover, the presence of



sex hormones at high-level concentrations and high
and low-level concentrations of insulin have been
found most effective on C. jejuni adhesion (Figure 2).

3.3. Bacterial invasion
The invasion ability of C. jejuni was enhanced in the
presence of progesterone and insulin at high and low
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Figure 1 Effects of hormones on the growth of C. jejuni strain.
HC: High concentration, LC: Low concentration, NE: Norepinephrine, MEL: Melatonin, EST: Estradiol, PRO: Progesterone, INS:
Insulin 
HC NE: 0.04 μg/mL, LC NE: 0.0017 μg/mL, HC MEL:60 pg/mL, LC MEL: 6 pg/mL, HC EST: 0.4 ng/mL, LC EST: 0.1 ng/mL,
HC PRO: 20 ng/mL, LC PRO: 2 ng/mL, HC INS 200 and LC INS: 20 μIU/mL
The growth of C. jejuni in HT-29 cell culture with/without hormones were examined using two-way ANOVA followed by Tukey’s
multiple comparisons test *,**: Significant at p<0.05 level and p<0.01 level values, respectively.

Figure 2

Effects of hormones on ad-
hesion of C. jejuni strain.
HC: High concentration, LC:
Low concentration, NE: Norep-
inephrine, MEL: Melatonin,
EST: Estradiol, PRO: Proges-
terone, INS: Insulin 
HC NE: 0.04 μg/mL, LC NE:
0.0017 μg/mL, HC MEL:60
pg/mL, LC MEL: 6 pg/mL, HC
EST: 0.4 ng/mL, LC EST: 0.1
ng/mL, HC PRO: 20 ng/mL, LC
PRO: 2 ng/mL, HC INS 200
and LC INS: 20 μIU/mL
The adhesion of C. jejuni in
HT-29 with/without hormones
were examined using one-way
ANOVA followed by Dunnett’s
multiple comparisons test ****:
Significant at p <0.0001 level.



concentrations; these results were statistically significant
(p<0.0001). There was no statistically significant difference
in the presence of other hormones (p>0.05) (Figure 3). 

3.4. Bacterial biofilm formation
Biofilm formation was statistically significantly de-
creased in the presence of norepinephrine at two lev-
els and high level of estradiol; the highest inhibition
was found in the presence of low-level norepineph-
rine. The increase of biofilm formation was found to

be statistically significant in the presence of proges-
terone at all concentrations (p <0.001), melatonin
(p<0.0001) and insulin (p < 0.005) at low concentra-
tion (Figure 4).

3.5. Bacterial growth in oxidative and nitrosative
stress conditions
All tested hormones at all concentrations did not af-
fect the growth of C. jejuni in oxidative and nitrosative
stress conditions (p>0.05). 
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Figure 3

Effects of hormones on in-
vasion ability of C. jejuni
strain.
HC: High concentration, LC:
Low concentration, NE: Norep-
inephrine, MEL: Melatonin,
EST: Estradiol, PRO: Proges-
terone, INS: Insulin 
HC NE: 0.04 μg/mL, LC NE:
0.0017 μg/mL, HC MEL:60
pg/mL, LC MEL: 6 pg/mL, HC
EST: 0.4 ng/mL, LC EST: 0.1
ng/mL, HC PRO: 20 ng/mL,
LC PRO: 2 ng/mL, HC INS 200
and LC INS: 20 μIU/mL
The invasion of C. jejuni in HT-
29 with/without hormones were
examined using one-way
ANOVA followed by Dunnett’s
multiple comparisons test ****:
Significant at p < 0.0001 level.

Figure 4

Effects of hormones on
biofilm formation of C. je-
juni strain.
HC: High concentration, LC:
Low concentration, NE: Norep-
inephrine, MEL: Melatonin,
EST: Estradiol, PRO: Proges-
terone, INS: Insulin 
HC NE: 0.04 μg/mL, LC NE:
0.0017 μg/mL, HC MEL:60
pg/mL, LC MEL: 6 pg/mL, HC
EST: 0.4 ng/mL, LC EST: 0.1
ng/mL, HC PRO: 20 ng/mL, LC
PRO: 2 ng/mL, HC INS 200
and LC INS: 20 μIU/mL
The biofilm formation of C. je-
juni with/without hormones
were examined using one-way
ANOVA followed by Dunnett’s
multiple comparisons test *,
***, ****: Significant at p<0.05
level, p<0.001 and p < 0.0001
levels, respectively.



3.6. Human colon adenocarcinoma cell (HT-29) vi-
ability 
The viability of HT-29 cells was shown to be decreased
statistically significantly (p<0.005) by each hormone,
except high-level melatonin and progesterone, and C.
jejuni infection in 24 hours incubation (Figure 5). 

After 48 hours, the infection with C. jejuni caused to
death of 0-13.3% HT-29 cells. We found that the via-
bility of HT-29 cells was statistically significantly in-
creased in the presence of low-level estradiol
(p<0.0001) and high-level progesterone (p<0.0005)
(Figure 5).

It was found that co-presence of bacteria and hor-
mones (high-level norepinephrine, estradiol and
progesterone; low-level melatonin and estradiol) in-
creased the viability of HT-29 cells significantly
(p<0.05) at 24 hours incubation (Figure 6). 

According to results of 48 hours incubation, co-
presence of C. jejuni with high-level melatonin, estra-
diol and low-level norepinephrine, estradiol and
insulin were found to enhance the viability of HT-29
cells (p<0.05) (Figure 6).

4. Discussion

It is well known that host hormones not only regulate
mammalian homeostasis but also affect microorgan-
isms’ behaviors involved in colonization, growth, ex-
pressions of genes for their metabolisms, virulence
properties, and antimicrobial susceptibilities.1,3–9,20

During the evolutionary progress, microorganisms
recognize these hormones for adapting to host con-
ditions. Today, there is a growing body of evidence
about inter-kingdom signaling between microorgan-
isms and hosts.1,2 Studies on microbial endocrinology
provide new insights for understanding the biology
of infections and the interactions between host-mi-
crobe via hormones.

In the previous studies, it has been reported that
different hormones such as catecholamines, insulin
and sex hormones increased and/or decreased the
growth of pathogens such as Escherichia coli, Staphy-
lococcus aureus, Pseudomonas aeruginosa, Campy-
lobacter jejuni, Helicobacter pylori, Bacteriodies
melaninogenicus, Prevotella intermedius, Burkholderia
pseudomallei and Candida albicans.3–5,12,16,21–23 In gen-
eral, the possible action mechanisms of hormones re-
lated to altering the growth of microorganisms can
include iron, copper and zinc uptake (in metal-limited
conditions), hormone-mediated induction of auto-in-
ducers, acting as quorum sensing compounds such as
homoserine lactones, indole and autoinducer-2,3),
substitution of vitamin K, inhibition of enzymatic  ac-
tivation and membrane interactions.1,24,25

Numerous studies showed that effects of insulin
were variable on the growth of S. aureus, Enterococcus
faecalis, C. albicans, P. aeruginosa and UPEc.4,21,22 Li et
al.26 have demonstrated that insulin receptor signaling
pathways are defined as key contributors to coloniza-
tion of C. jejuni. As an alternative perspective, in our
study, the effects of hormones on C. jejuni were eval-
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Figure 5

Effects of hormones, and
C.  jejuni infection on HT-
29 cell viabilities..
HC: High concentration, LC:
Low concentration, NE: Norep-
inephrine, MEL: Melatonin,
EST: Estradiol, PRO: Proges-
terone, INS: Insulin 
HC NE: 0.04 μg/mL, LC NE:
0.0017 μg/mL, HC MEL: 60
pg/mL, LC MEL: 6 pg/mL, HC
EST: 0.4 ng/mL, LC EST: 0.1
ng/mL, HC PRO: 20 ng/mL, LC
PRO: 2 ng/mL, HC INS 200
and LC INS: 20 μIU/mL
The cell viabilities in the presence
of hormones at all concentrations
and/or C. jejuni were analyzed
using two-way ANOVA followed
by Sidak’s multiple comparisons
test **, ***, ****: Significant
at p<0.005, p<0.0005 and
p<0.0001 levels, respectively.



uated in cell culture to mimic in-vivo conditions. We
found that norepinephrine, melatonin and insulin in-
hibited the growth of C. jejuni at 2 and 4 hours incu-
bation. These repressor effects of hormones (except
high-level norepinephrine and insulin) on bacterial
growth were found to be disappeared when the in-
cubation period was prolonged to 24 hours. Many
studies showed that, norepinephrine altered the
growth of different kinds of microorganisms (UPEc,
EHEc, Salmonella, Shigella, Staphylococcus species,
Streptococcus pneumoniae, C. jejuni, E. faecalis).22,23,27–

29 Inconsistent with our findings, in some previous
studies, the growth of C. jejuni was found to be in-
creased in iron-limited conditions.12,30,31 In our study,
hormones generally found to inhibit bacterial growth
in a time-dependent manner. 

Adhesion is the one of most important virulence
factors of microorganisms which is defined as necessary
for colonization and outcome of infection. The adhesion
of various microorganisms (C. albicans, E. coli, E. faecalis,
S. pneumoniae) in different cell cultures was found to
be affected in response to mammalian hormones.32–

34 It was shown that norepinephrine and epinephrine
increased the adhesion of C. jejuni strain;12,31,35 while
serotonin, corticosterone, cortisol and cortisone de-
creased the adhesion of campylobacter isolates.8,12

In our study, it was found that all hormones at all
concentrations decreased the adhesion of C. jejuni to

HT-29 cells. 
Host hormones were shown to inhibit/increase dif-

ferent microorganisms’ (UPEC, C. albicans, Salmonella
choleraesuis and E. coli O157:H7) internalization/inva-
sion process in various cell lines.7,36,37 For instance, the
results from Xu et al.31 and Truccollo et al.12 showed
that norepinephrine, epinephrine, corticosterone, cor-
tisol and cortisone increased the invasion of C. jejuni;
whereas in other studies, norepinephrine and sero-
tonin were reported to have no effect on invasion
processes.8,38 consistent with Aroori and Lyte’s re-
sults8,38 in our study, all concentrations of norepineph-
rine, melatonin and estradiol were shown to not affect
on invasion of C. jejuni.However, we found that prog-
esterone and insulin increased the invasion of C. jejuni
similar to findings of Edwards focused on N. gonor-
rhoae and progesterone interactions.39

It is well known that adhesion and invasion are de-
fined as early stages of pathogenesis during infectious
processes. In the present study, all concentrations of
hormones were found to decrease the adhesion of C.
jejuni and all concentrations of progesterone and in-
sulin increased the invasion of bacteria. Inconsistency
between adhesion and invasion can be due to inde-
pendent efficiency of invasion mechanisms or biolog-
ical properties of cell lines used for experiments.17,40,41

During the infectious process, another important
virulence factor is biofilm formation which provides

22

F. KALAycI-yüKSEK, D. GüMüş, V. GüLER, A. UyANIK-ÖcAL, M. ANğ-KüçüKER

VOL. 67 • ISSUE 1, January-March 2022

Figure 6 Effects of hormones and C. jejuni infection’ co-presence on HT-29 cell viabilities.
HC: High concentration, LC: Low concentration, NE: Norepinephrine, MEL: Melatonin, EST: Estradiol,
PRO: Progesterone, INS: Insulin 
HC NE: 0.04 μg/mL, LC NE: 0.0017 μg/mL, HC MEL:60 pg/mL, LC MEL: 6 pg/mL, HC EST: 0.4 ng/mL,
LC EST: 0.1 ng/mL, HC PRO: 20 ng/mL, LC PRO: 2 ng/mL, HC INS 200 and LC INS: 20 μIU/mL
The cell viabilities with/without hormones at all concentrations were analyzed using two-way ANOVA
followed by Sidak’s multiple comparisons test *, **, ***,****: Significant at p<0.01, p<0.005, p<0.0005
and p<0.0001 levels, respectively. 



colonization of microbial populations avoiding the
host’s immune system, environmental stress conditions
and antimicrobials. There are studies showing that host
hormones affect in-vitro biofilm formation of EHEc, E.
faecalis, C. albicans and S. pneumoniae.9,22,28,42 In the
present study, we determined the ability of C. jejuni
for adherence on abiotic surfaces in the presence of
hormones. Biofilm formation of C. jejuni was decreased
in the presence of norepinephrine (at two concentra-
tions) and estradiol (at high concentration); increased
in the presence of low-level melatonin, insulin (at low
levels) and progesterone at two concentrations. 

In a host, bacteria expose various environmental
stress factors such as oxidative and nitrosative mole-
cules. It is well known that these molecules are released
by immune system cells to destroy microorganisms.17,43

Intarak et al.16 showed that epinephrine-treated B.
pseudomallei cells were more resistant to paraquat (a
superoxide generating agent) than the untreated
control. Gao et al.44 reported that norepinephrine up-
regulated sodB gene expression which is defined as
related to oxidative stress in Aeromonas hydrophila.
Xu et al.31 reported that oxidative and nitrosative
stress-related genes (katA, Cj1386, Cj0466 and Cj0379c-
Cj0378c) were downregulated when strain was treated
with norepinephrine and epinephrine; while in epi-
nephrine treated strain, hemerythrin HerB (Cj1224,
Cj1358c-Cj1357c, Cj0780/Cj0783 and Cj1490c-Cj1488c)
which is involved in protecting from oxygen damage
was reported to be upregulated. They suggested that
epinephrine and norepinephrine provide increased
tolerance to nitrosative and oxidative stress. In our
study, the growth of C. jejuni was not affected by hy-
drogen peroxide and sodium nitroprusside in the
presence/absence of hormones. 

Previous studies have reported that hormones have
protective/proliferative effects on different cell lines
such as A549, HT-29, PA-1.24,45–48 All hormones at all
concentrations were shown to decrease the viability
of HT-29 cells in 24 hours. However, in 48 hours, low
concentration of estradiol and high concentration of
progesterone have increased the viability HT-29 cells.
It seems that the effects of hormones were time and
concentration-dependent. For instance, it is well
known that HT-29 cell line consists of cancerous
colonic mucosa cells with specific receptors for estrogen
and progesterone.49,50 In this context, previous studies
have shown that hormones cause different effects on
cancer cell lines via altering many pathways.24,51,52

It is well known that the infection affect the viabilities
of infected cells. In this study, we found that the infec-
tion of HT-29 cells with C. jejunihas significant inhibitory
effect on the viability of HT-29 cells in line with previous
studies53–55 but only after incubation for 24 hours.

On the other hand, some studies showed that the
effects of hormones on infected cells are due to the
alterations of virulence properties of microorganisms
by hormones. Thus, in the present study, we examined
alterations of cell viability in the co-presence of hor-
mones and C. jejuni in HT-29 cell culture. According to
our results, the rates of viability were found to be vari-
able. After incubation for 24 hours, we found that high
levels of norepinephrine, estradiol, progesterone and
low-level concentrations of melatonin and estradiol
have enhanced the viabilities of infected HT-29 cells.
Similarly, at 48 hours post-infection, we found that
high-level concentrations of melatonin, estradiol and
low-level concentrations of norepinephrine, estradiol
and insulin have increased the viabilities of infected
HT-29 cells. These effects of hormones on HT-29 cells
infected with C. jejuni depend on dosage and time of
exposure. In general, the alterations of the viability of
HT-29 cells by hormones were found to be more sig-
nificant in infected cells than non-infected cells. Due
to the lack of studies showing the influences of hor-
mones on C. jejuni infected cells, we could not com-
pare our results. 

In conclusion, the purpose of this study was to show
how various host hormones may affect the patho-
genicity of C. jejuni using methods mimicking in vivo
conditions as closely as possible. There are previous
studies focused on the effects of catecholamines on
biological properties of C. jejuni.12,31 However, a lot is
still to be learned about hormones and microbial in-
teractions, concerning bi-directional communications.
To our knowledge, this is the first study investigating
the interactions between different host hormones and
C. jejuni in cell culture. Our paper supported that, host
hormones affected adhesion, invasion and biofilm for-
mation processes independently from each other.
Moreover, we suggest that experimental conditions
such as hormone concentrations, exposing time, me-
dia used and biotic/abiotic surfaces are important for
the evaluation of alterations on microorganisms’ bio-
logical properties. To show the interactions between
hormones and microorganisms more clearly, it is im-
portant to optimize in vivo conditions and focus on
the effects of bidirectional communication between
host cell receptors and microbial receptors which are
regulated by presence/absence of host hormones.
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Το βακτήριο Campylobacter jejuniαν και αποτελεί την πιο συχνή αιτία βακτηριακής τροφιμογενούς
λοίμωξης, οι μελέτες σχετικά με την παθογένειά του εξακολουθούν να είναι περιορισμένες.
Υπάρχουν αναφορές σχετικά με τις επιδράσεις διαφόρων ορμονών των θηλαστικών, όπως της
νορεπινεφρίνης, της επινεφρίνης, της σεροτονίνης, της κορτικοστερόνης, της κορτιζόλης και της
κορτιζόνης στην ανάπτυξη και στους διαφορετικούς μηχανισμούς λοιμογόνου δράσης του μι-
κροβίου.
Στην παρούσα μελέτη διερευνήθηκαν οι πιθανές επιδράσεις της νορεπινεφρίνης, της μελατονίνης,
της οιστραδιόλης, της προγεστερόνης και της ινσουλίνης στην ανάπτυξη, στην προσκόλληση και
στην διείσδυση  του C. jejuni σε σειρά κυττάρων του ανθρώπινου αδενοκαρκινώματος του παχέος
εντέρου (HT-29). Επιπλέον, διερευνήθηκαν οι αλλαγές στο σχηματισμό βιομεμβράνης σε αβιοτικές
επιφάνειες και η απόκριση σε συνθήκες στρες. Στόχος επίσης ήταν η ανάλυση των επιδράσεων
των ορμονών και του C. jejuni, σε συνδυασμό ή χωριστά, στη βιωσιμότητα των κυττάρων HT-29.
Οι μεταβολές της ανάπτυξης προσδιορίστηκαν φασματοφωτομετρικά. Οι μετρήσεις προσκόλλησης
/ διείσδυσης  των βακτηρίων αξιολογήθηκαν με τη μέθοδο μέτρησης αποικιών. Ο σχηματισμός
βιομεμβράνης  αναλύθηκε χρησιμοποιώντας  δοκιμασία πλάκας μικροτιτλοδότησης. Οι μεταβολές
της βιωσιμότητας των κυττάρων ΗΤ-29 προσδιορίστηκαν μέσω δοκιμασίας βρωμιούχου μεθυλ-
θειαζολυλ διφαινυλ-τετραζολίου.
Σύμφωνα με τα αποτελέσματα μας, η ανάπτυξη του βακτηρίου C. jejuni μειώθηκε παρουσία
ορμονών με τρόπο εξαρτόμενο από τη δόση και το χρόνο (p<0,05). Κάθε ορμόνη, σε όλες τις συγ-
κεντρώσεις μείωσε την προσκόλληση των βακτηρίων (p<0,0001). Η διείσδυση του βακτηρίου C.
jejuni αυξήθηκε παρουσία προγεστερόνης και ινσουλίνης σε όλες τις συγκεντρώσεις σε  στατιστικά
σημαντικό βαθμό (p<0,0001). Οι επιδράσεις των ορμονών στο σχηματισμό βιομεμβράνης ήταν
ποικίλες. Οι ορμόνες δεν επηρέασαν την ανάπτυξη του βακτηρίου C. jejuni σε οξειδωτικό και
νιτρωτικό στρες (p>0,05). Κάθε ορμόνη και λοίμωξη απόC. jejuni έχουν μειώσει χωριστά τη βιωσι-
μότητα των κυττάρων μετά από 24 ώρες επώασης (p<0,005). Σε 48 ώρες, η βιωσιμότητα των
κυττάρων αυξήθηκε σημαντικά παρουσία οιστραδιόλης χαμηλού επιπέδου (p<0,0001) και υψηλού
επιπέδου προγεστερόνης (p<0,0005). Οι ορμόνες βρέθηκαν να είναι σημαντικά πιο αποτελεσματικές
στη βιωσιμότητα των μολυσμένων κυττάρων HT-29 από τα μη μολυσμένα κύτταρα.
Συμπερασματικά, αυτά τα ευρήματα έδειξαν για άλλη μια φορά ότι οι ορμόνες επηρεάζουν το C.
jejuni κατά τη διάρκεια μολυσματικών διεργασιών.

Λέξεις κλειδιά
Campylobacter jejuni, ορμόνες θηλαστικών, ανάπτυξη,
προσκόλληση-διείσδυση , κύτταρο παχέος εντέρου, βιομεμβράνη



25

THE EFFEcTS OF MAMMALIAN HORMONES IN THE REGULATION OF GROWTH AND VIRULENcE IN Campylobacter jejuni

ΤΟΜΟΣ 67 • ΤΕΥΧΟΣ 1, Ιανουάριος-Μάρτιος 2022

1. Lyte M, Freestone PP, editors. Microbial Endocrinology:
Interkingdom Signaling in Infectious Disease and Health.
New York: Springer.; 2010. 

2. Lyte M, Cryan JF, editors. Microbial endocrinology: the
microbiota-gut-brain axis in health and disease (Vol.
817). New York: Springer.; 2014. 

3. Kornman KS, Loesche WJ. Effects of estradiol and prog-
esterone on Bacteroides melaninogenicus and Bac-
teroides gingivalis. Infect Immun. 1982;35(1):256–63. 

4. Plotkin BJ, Viselli SM. Effect of insulin on microbial
growth. Curr Microbiol. 2000;41(1):60–4. 

5. Hosoda K, Shimomura H, Hayashi S, Yokota K, Hirai
Y. Steroid hormones as bactericidal agents to Helicobac-
ter pylori. FEMS Microbiol Lett. 2011;318(1): 68–75. 

6. Liu Y, Jia Y, Yang K, Tong Z, Shi J, Li R, et al. Melatonin
overcomes MCR-mediated colistin resistance in Gram-
negative pathogens. Theranostics. 2020;10(23): 10697–
711. 

7. Ho CH, Fan CK, Yu HJ, Wu CC, Chen KC, Liu SP, et al.
Testosterone suppresses uropathogenic Escherichia coli
invasion and colonization within prostate cells and in-
hibits inflammatory responses through JAK/STAT-1 sig-
naling pathway. PLoS One. 2017;12(6). 

8. Lyte JM, Shrestha S, Wagle BR, Liyanage R, Martinez
DA, Donoghue AM, et al. Serotonin modulates Campy-
lobacter jejuni physiology and in vitro interaction with
the gut epithelium. Poult Sci. 2021;100944. 

9. Gonçalves B, Bernardo R, Wang C, Schröder MS, Pedro
NA, Butler G, et al. Effect of progesterone on Candida
albicans biofilm formation under acidic conditions: A
transcriptomic analysis. Int J Med Microbiol.
2020;310(3):151414. 

10. Allos BM. Campylobacter jejuni infections: Update on
emerging issues and trends. Clin Infect Dis. 2001;
32(8):1201–6. 

11. Olson CK, Ethelberg S, Pelt W van, Tauxe R V. Epi-
demiology of Campylobacter jejuni Infections in Indus-
trialized Nations. In: Nachamkin I, Szymanski CM,
Blaser MJ, editors. Campylobacter. 2008. p. 163–89. 

12. Truccollo B, Whyte P, Bolton DJ. An investigation of
the effect of catecholamines and glucocorticoids on the
growth and pathogenicity of campylobacter Jejuni.
Pathogens. 2020 Jul;9(7):1–15. 

13. Haddad N, Maillart G, Garénaux A, Jugiau F, Federighi
M, Cappelier JM. Adhesion ability of Campylobacter
jejuni to Ht-29 cells increases with the augmentation of
oxidant agent concentration. Curr Microbiol.
2010;61(6):500–5. 

14. Xi D, Alter T, Einspanier R, Sharbati S, Gölz G. Campy-
lobacter jejuni genes Cj1492c and Cj1507c are involved
in host cell adhesion and invasion. Gut Pathog.
2020;12(1):1–11. 

15. Brown HL, Reuter M, Salt LJ, Cross KL, Betts RP, van
Vliet AHM. Chicken juice enhances surface attachment

and biofilm formation of Campylobacter jejuni. Appl
Environ Microbiol. 2014;80(22):7053–60. 

16. Intarak N, Muangsombut V, Vattanaviboon P, Stevens
MP, Korbsrisate S. Growth, motility and resistance to
oxidative stress of the melioidosis pathogen Burkholderia
pseudomallei are enhanced by epinephrine. Pathog Dis.
2014;72(1):24–31. 

17. Fields JA, Thompson SA. Campylobacter jejuni CsrA me-
diates oxidative stress responses, biofilm formation, and
host cell invasion. J Bacteriol. 2008; 190(9): 3411–6. 

18. Joannou CL, Cui XY, Rogers N, Vielotte N, Torres Mar-
tinez CL, Vugman N V., et al. Characterization of the
bactericidal effects of sodium nitroprusside and other
pentacyanonitrosyl complexes on the food spoilage bac-
terium Clostridium sporogenes. Appl Environ Microbiol.
1998;64(9):3195–201. 

19. Mosmann T. Rapid Colorimetric Assay for Cellular
Growth and Survival: Application to Proliferation and
Cytotoxicity Assays. J lmmunological Methods.
1983;65:55–63. 

20. Plotkin BJ, Konakieva MI. Attenuation of antimicrobial
activity by the human steroid hormones. Steroids.
2017;128(September):120–7. 

21. Gümüş D, Yoruk E, Kalayci-Yuksek F, Topal-Sarıkaya
A, Ang-Kucuker M. The Effects of Insulin and Glucose
on Different Characteristics of a UPEC: Alterations in
Growth Rate and Expression Levels of some Virulence
Genes. Clin Lab. 2017;63(10):1589–97. 

22. Gümüş D, Kalaycı-Yüksek F, Uz G, Bilgin M, Anğ
Küçüker M. The Possible Effects of Different Hormones
on Growth Rate and Ability of Biofilm Formation in
Different Types of Microorganisms. Acta Microbiol Bulg.
2018;34(1):47–52. 

23. Gümüş D, Kalaycı Yüksek F, Sefer Ö, Yörük E, Uz G,
Anğ Küçüker M. The roles of hormones in the modula-
tion of growth and virulence genes’ expressions in UPEC
strains. Microb Pathog. 2019;132(May):319–24. 

24. Chen X, Sun C, Laborda P, Zhao Y, Palmer I, Fu ZQ, et
al. Melatonin treatment inhibits the growth of Xan-
thomonas Oryzae Pv. Oryzae. Front Microbiol. 2018;
9(OCT):1–14. 

25. Feraco D, Blaha M, Khan S, Green JM, Plotkin BJ. Host
environmental signals and effects on biofilm formation.
Microb Pathog [Internet]. 2016;99:253–63. Available
from: http://dx.doi.org/10.1016/ j.micpath.2016.08.015

26. Li X, Swaggerty CL, Kogut MH, Chiang HI, Wang Y,
Genovese KJ, et al. Gene expression profiling of the
local cecal response of genetic chicken lines that differ
in their susceptibility to Campylobacter jejuni coloniza-
tion. PLoS One. 2010;5(7). 

27. Freestone PPE, Haigh RD, Lyte M. Specificity of cate-
cholamine-induced growth in Escherichia coli O157:H7,
Salmonella enterica and Yersinia enterocolitica. FEMS
Microbiol Lett. 2007 Apr;269(2):221–8. 

References



28. Sandrini S, Alghofaili F, Freestone P, Yesilkaya H. Host
stress hormone norepinephrine stimulates pneumococcal
growth, biofilm formation and virulence gene expression.
BMC Microbiol. 2014;14(1):1–12. 

29. Boyanova L. Stress hormone epinephrine (adrenaline)
and norepinephrine (noradrenaline) effects on the anaer-
obic bacteria. Anaerobe. 2017;44:13–9. 

30. Cogan TA, Thomas AO, Rees LEN, Taylor AH, Jepson
MA, Williams PH, et al. Norepinephrine increases the
pathogenic potential of Campylobacter jejuni. Gut. 2007
Aug;56(8):1060–5. 

31. Xu F, Wu C, Guo F, Cui G, Zeng X, Yang B, et al. Tran-
scriptomic analysis of Campylobacter jejuni NCTC
11168 in response to epinephrine and norepinephrine.
Front Microbiol. 2015;6(MAY):452. 

32. Plotkin BJ, Klosowska K. Human Insulin Modulation
of Escherichia coli Adherence and Chemotaxis. Am J
Infect Dis. 2006;2(4):197–200. 

33. Kravtsov EG, Anokhina I V., Rybas YA, Sachivkina NP,
Ermolaev A V., Brodskaya SB. Effects of female sex
hormones on adhesion of Candida albicans yeast-like
fungi to the buccal epithelium. Bull Exp Biol Med.
2014;157(2):246–8. 

34. Cambronel M, Nilly F, Mesguida O, Boukerb AM,
Racine PJ, Baccouri O, et al. Influence of Cate-
cholamines (Epinephrine/Norepinephrine) on Biofilm
Formation and Adhesion in Pathogenic and Probiotic
Strains of Enterococcus faecalis. Front Microbiol.
2020;11(July):1–13. 

35. Gonzales XF, Castillo-Rojas G, Castillo-Rodal AI, Tuo-
manen E, López-Vidal Y. Catecholamine norepinephrine
diminishes lung epithelial cell adhesion of Streptococcus
pneumoniae by binding iron. Microbiol (United King-
dom). 2013;159 (PART11):2333–41. 

36. Alves CT, Silva S, Pereira L, Williams DW, Azeredo J,
Henriques M. Effect of progesterone on Candida albicans
vaginal pathogenicity. Int J Med Microbiol. 2014; 304(8):
1011–7. 

37. Green BT, Lyte M, Kulkarni-Narla A, Brown DR. Neu-
romodulation of enteropathogen internalization in
Peyer’s patches from porcine jejunum. J Neuroimmunol.
2003;141(1–2):74–82. 

38. Aroori S V., Cogan TA, Humphrey TJ. Effect of nora-
drenaline on the virulence properties of campylobacter
species. Int J Microbiol. 2014;2014. 

39. Edwards JL. Neisseria gonorrhoeae survival during pri-
mary human cervical epithelial cell infection requires
nitric oxide and is augmented by progesterone. Infect
Immun. 2010;78(3):1202–13. 

40. Castillo S, Dávila-Aviña J, Heredia N, Garcia S. An-
tioxidant activity and influence of Citrus byproduct ex-
tracts on adherence and invasion of Campylobacter jejuni
and on the relative expression of cadF and ciaB. Food
Sci Biotechnol. 2017;26(2):453–9. 

41. Clark CG, Grant CCR, Pollari F, Marshall B, Moses J,
Tracz DM, et al. Effects of the Campylobacter jejuni
CJIE1 prophage homologs on adherence and invasion

in culture, patient symptoms, and source of infection.
BMC Microbiol. 2012;12:1–13. 

42. Bansal T, Englert D, Lee J, Hegde M, Wood TK, Ja-
yaraman A. Differential effects of epinephrine, norepi-
nephrine, and indole on Escherichia coli O157:H7
chemotaxis, colonization, and gene expression. Infect
Immun. 2007 Sep;75(9):4597–607. 

43. Hausladen A, Privalle CT, Keng T, DeAngelo J, Stamler
JS. Nitrosative stress: Activation of the transcription fac-
tor OxyR. Cell. 1996;86(5):719–29. 

44. Gao J, Xi B, Chen K, Song R, Qin T, Xie J, et al. The
stress hormone norepinephrine increases the growth and
virulence of Aeromonas hydrophila. Microbiologyopen.
2019;8(4). 

45. Lee JY, Shin JY, Kim HS, Heo JI, Kho YJ, Kang HJ, et
al. Effect of combined treatment with progesterone and
tamoxifen on the growth and apoptosis of human ovarian
cancer cells. Oncol Rep. 2012;27(1):87–93. 

46. Coelho M, Moz M, Correia G, Teixeira A, Medeiros R,
Ribeiro L. Antiproliferative effects of β-blockers on hu-
man colorectal cancer cells. Oncol Rep. 2015;33(5):
2513–20. 

47. Zamani ARN, Avci ÇB, Ahmadi M, Pouyafar A, Bagheri
HS, Fathi F, et al. Estradiol modulated colorectal cancer
stem cells bioactivity and interaction with endothelial
cells. Life Sci. 2020;257(July):118078. 

48. Zhang J, Deng Y tiao, Liu J, Wang Y qing, Yi T wu, Huang
B yan, et al. Norepinephrine induced epithelial–mesenchy-
mal transition in HT-29 and A549 cells in vitro. J Cancer
Res Clin Oncol. 2016;142(2):423–35. 

49. Hendrickse CW, Jones CE, Donovan IA, Neoptolemos
JP, Baker PR. Oestrogen and progesterone receptors in
colorectal cancer and human colonic cancer cell lines.
Br J Surg. 1993;80(5):636–40. 

50. Oshima CT, Wonraht DR, Catarino RM, Mattos D,
Forones NM. Estrogen and progesterone receptors in
gastric and colorectal cancer. Hepatogastroenterology.
1999;46(30):3155–8. 

51. Nylund G, Andersson M, Haraldsson B, Delbro DS. Ef-
fects of norepinephrine or prostaglandin E2 on extra-
cellular acidification rate of MCG 101, or K1735-M2
tumor cells. Life Sci. 2004;75(14):1747–59. 

52. Kasi Ganeshan T. Investigating the protective role of
the natural hormone Melatonin, in reducing drug-induced
cardiotoxicity in the therapy of chronic diseases. 2019. 

53. Konkel ME, Corwin MD, Joens LA, Cieplak W. Factors
that influence the interaction of Campylobacter jejuni
with cultured mammalian cells. J Med Microbiol.
1992;37(1):30–7. 

54. Hu L, Bray MD, Osorio M, Kopecko DJ. Campylobacter
jejuni induces maturation and cytokine production in hu-
man dendritic cells. Infect Immun. 2006;74(5):2697–705. 

55. Coote JG, Stewart-Tull DES, Owen RJ, Bolton FJ,
Siemer BL, Candlish D, et al. Comparison of virulence-
associated in vitro properties of typed strains of Campy-
lobacter jejuni from different sources. J Med Microbiol.
2007;56(6):722–32.

26

F. KALAycI-yüKSEK, D. GüMüş, V. GüLER, A. UyANIK-ÖcAL, M. ANğ-KüçüKER

VOL. 67 • ISSUE 1, January-March 2022


