
Moyser Mulla1

Dr Catherine M. Greene2

1RCSI medical student
2Senior Lecturer in

Medicine, RCSI 

Investigation of host and
pathogen responses to
oestrogen in cystic fibrosis
Abstract 
Introduction: A ‘gender gap’ exists in cystic fibrosis (CF). Females acquire earlier microbial
infections and have a worse prognosis. The sex hormone oestradiol (E2) has recently been
highlighted as a key molecule responsible for the CF gender dichotomy. Pseudomonas
aeruginosa (Ps. aeruginosa) colonises the CF lung dominating at end stages and undergoes
mucoid conversion in response to E2. The aim of this project is to investigate other roles of E2

in host and pathogen, in particular its effects on the growth rate of Ps. aeruginosa and the
expression of catalase and superoxide dismutase (SOD) in CF bronchial epithelial cells.
Methods: Growth rate of Ps. aeruginosa (strain PA01) in the presence or absence of E2 was
measured by optical density (OD600nm) and by calculating colony-forming units (cfu) per ml.
Catalase and SOD gene expression in E2-treated CFBE41o- airway epithelial cells were
measured using quantitative reverse transcriptase polymerase chain reaction (qRT-PCR).
Results: E2 had no effect on the growth rate of Ps. aeruginosa when compared to control. The
expression of catalase mRNA was not altered in CFBE41o- cells in response to E2; however,
there was a two-fold increase in SOD gene expression in response to 10nM E2, at 24 hours
(p=0.0057).
Conclusion: Oestradiol has no effect on the growth rate of Ps. aeruginosa in vitro. In CF
bronchial epithelial cells, although catalase gene expression remains unchanged, E2 increases
SOD expression, potentially increasing hydrogen peroxide levels and contributing to Ps.
aeruginosa mucoid conversion.
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Introduction
Cystic fibrosis (CF) is a common autosomal recessive inherited

multisystem disorder. Ireland has the highest incidence

worldwide.1 It is caused by a mutation in the gene that encodes

for the cystic fibrosis transmembrane regulator (CFTR). CFTR

regulates the chloride ion (Cl-) intracellular/extracellular balance

and impairment disrupts normal lung, pancreatic, reproductive

and immune functions.2 This imbalance increases the production

of mucus, predominately in the lungs, resulting in the formation of

mucus plugs. The accumulation of such plugs impairs mucociliary

clearance promoting the growth, proliferation and survival of

microorganisms in the lungs. Among many of the bacteria that

colonise the CF lungs, Ps. aeruginosa is the organism that

dominates during the end stages of CF disease.3 Ps. aeruginosa can

convert from a non-mucoid to a more harmful mucoid

morphology in the lungs of people with CF; this event is

associated with alginate production, biofilm formation and

antibiotic resistance. Mucoid Ps. aeruginosa is associated with a

worse prognosis in CF.
1

While affecting both male and female patients, recent studies have

highlighted the existence of a gender imbalance. The prognosis of

CF in females is generally worse than in males. Not only do

women have poorer survival rates, they also tend to acquire

bacterial infections at an earlier stage than men, especially with Ps.

aeruginosa. However, this is observed only after puberty. Therefore,

the idea of bacterial endocrinology was questioned, as there

seemed to be hormonal influence on bacterial colonisation. The

role of the sex hormone oestrogen became the main focus of

current work by investigating its contribution, if any, to the

observed gender gap in CF.2,4

Oestradiol (E2), the predominant form of oestrogen in

non-pregnant females, has been shown to have an effect on

various factors in the female with CF. Oestrogen plays a role in the

innate immune system in both non-CF and CF lungs, and it

inhibits interleukin (IL)-8 signalling and gene expression via

inhibiting NF-κB activity in bronchial epithelial cells.5 It has also

been established that E2 plays a major role in the Ps. aeruginosa

mucoid morphology conversion through a genetic mutation in the

mucA gene.1,6 This mutation is caused by E2 decreasing the activity

of catalase (CAT) in the bacteria. This enzyme is responsible for

degrading the DNA-damaging free radical hydrogen peroxide

(H2O2). Impairing this process leads to the genetic mutation in

mucA and induces the mucoid transformation of the bacterial

pathogen. What has not yet been established is the relationship

between E2 and the growth rate of bacteria. It also remains

unclear if E2 has an effect on CAT activity in CF, and more

specifically on the expression of CAT or related enzymes.

The aim of this project was to study the role of E2 on the

pathogen and host in a CF context. This was done through the

investigation of: 1) the effect of E2 on Ps. aeruginosa growth rate;

and, 2) E2’s effects on the expression of CAT and superoxide

dismutase (SOD), both enzymes having a direct role in reducing

H2O2 levels.

Methods
The host response
Tissue culture

Cell line
Delta F508 homozygous bronchial epithelial cells (CFBE41o-) were

grown in a T-75 (175cm
2
) fibronectin pre-coated Corning flask.

Cells were maintained in a 37oC, humidified 5% CO2 incubator

and nourished with minimum essential media with earl salt (MEM)

supplemented with 10% foetal bovine serum (FBS) and 1%

Penicillin-Streptomycin (P/S; Gibco). Old media was replaced with

8-10ml of fresh MEM every two days.

Sub-culturing
Cells were seeded on 12 wells in a 24-well plate (1 x 10

5
cells/ml) and

left to incubate over a 12-hour period. They were re-fed with serum

free MEM medium containing 1% P/S and cultured as described

above for two hours prior to treatment. The treatment was E2

dissolved in 100% ethanol (EtOH). This solution was serially diluted

in serum-free MEM containing 1% P/S, and added to the

serum-starved cells to achieve a final concentration of 10nM per well.

As a vehicle control, EtOH was similarly diluted in the same medium

and added to cells. Three wells received E2 treatment and another

three received the control at the first six-hour interval. The remaining

six wells received the same treatment at the second time point, 24

hours. Each treatment was carried out in triplicate. Both E2 and EtOH

controls were freshly prepared prior to each experiment and used

immediately. Six and 24 hours post treatment, well contents were

centrifuged simultaneously – after the 24-hour treatment at 250 x g

for five minutes – and the supernatants carefully discarded.

Isolating RNA
At the first time point, six hours, three wells of E

2
treatment were

treated with 500µl TRI-reagent,7 transported into three microfuge

tubes and stored at -80oC. The same was performed for the vehicle

control. This was also carried out at the second time point (24-hour).

In total there were 12 wells (6hr; 3 x E2, 3 x EtOH, and 24hr; 3 x E
2

and 3 x EtOH). RNA was isolated from the CFBE41o- cells using 0.1ml

TRI-reagent chloroform, 0.25ml isopropanol, washed with 0.5ml of

75% ethanol (EtOH) and supplemented with 30µl of 0.1% diethyl

pyrocarbonate (DepC)-treated H
2
O following the manufacturer’s

protocol. RNA quantification was carried out using a Nanodrop 8000.

cDNA synthesis
CFBE41o- RNAs were diluted with DepC H2O to make equal amounts

of 5µl of each sample. There were two processes involved in copy DNA

(cDNA) synthesis; a reverse transcriptase kit was used.8 The first of the

two steps was genomic DNA (gDNA) elimination. This was achieved by

treating each tube with gDNA wipe-out buffer (x7) and RNAse free H2O

(2:7). The second was treating the samples with reverse transcriptase

(RT). The 12 samples were placed in a PCR heating block for the final

step of cDNA synthesis. These were incubated at 42oC for 30 minutes

then 95oC for three minutes and finally allowed to cool at 4oC.



Catalase and superoxide dismutase (SOD) primers
CAT and SOD primers were designed and ordered at the start of

the project. The cDNA sequence required for each enzyme was

found in PubMed Nucleotides. Then it was converted into the FASTA

format, a written nucleotide sequence where base pairs are

represented by letters, which was needed to define the parameters

of the sequence. Once the parameters were defined, they were put

in an online polymerase chain reaction (PCR) analysis tool, Primer

3. During the experiment CAT and SOD primers were diluted to

obtain a 10pM/µl solution using RNAse free H2O.

Quantitative reverse transcriptase-polymerase chain reaction
(qRT-PCR)
A PCR master mix was made containing one of the enzyme primers,

CAT, SOD or glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

GAPDH was used as the housekeeping gene. They were distributed,

each per well in a PCR well plate; 12 in total. Each well contained

18µl of the PCR master mix. Another 2µl of the E2/EtOH-treated

CFBE41o- cells at either six or 24 hours was added separately to each

of the PCR wells. The PCR plate was centrifuged, 2000rpm for two to

three minutes, and then placed in the LightCycler 480 PCR machine

(Roche). Amplification settings were set to denaturing at 95oC for five

minutes, 45 cycles (each cycle denaturing at 95oC for 10 seconds,

annealing at 65oC for 10 seconds and elongation at 7oC for 10

seconds). Gene expression quantification of CAT and SOD expression

was calculated and statistically analysed.

The pathogen response
Ps. aeruginosa isolates
A colony of Ps. aeruginosa strain 01 (PA01) was cultured in 30ml

of tryptic soy broth (TSB) and left to grow overnight in an orbital

shaker (200rpm, 37oC).

Oestrogen treatment
10µl of Ps. aeruginosa was inoculated in a 10nM solution of

diluted E2 and 10nM EtOH solution (control), then both solutions

were placed to grow in an orbital shaker (200rpm, 37oC).

Microbial enumeration measurements
The growth rate of Ps. aeruginosa in the presence or absence of E2

was measured spectrophotometerically (eppendorf BioPhotometer),

by recording the optical density (OD) at 600nm six times at hourly

intervals, then at six-hour and 24-hour time points. However, to

determine the number of live colonies that grew in the presence of

+/- E2, 1:100 serial dilution method was used by plating 100µl on a

tryptic soy agar plate and leaving it in an aerobic incubator (37oC

5% CO2) overnight. Serial dilutions were used as a protocol for

enumeration of bacteria in a population.9 The colony-forming units

(cfu/ml) were calculated and statistically analysed.

Statistical analysis
All triplicate experiments were statistically analysed using a

two-tailed t-test in Graphpad PRISM 5.0.

Results
E2 did not significantly affect the growth rate of 
Ps. aeruginosa
Spectrophotometric measurements of Ps. aeruginosa (PAO1) growth

showed no significant difference in the growth rate when treated

with 10nM E2 compared to EtOH after six hours (Figure 1).

This was confirmed when bacteria numbers were measured in

cfu/ml (Figure 2). Compared to cultures grown in the presence of

EtoH where there were 0.2 x 109cfu/ml after six hours, cultures

similarly grown in E2 contained 0.1 x 109cfu/ml. After 24 hours

control cultures contained 4.6 x 109cfu/ml. This was not
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FIGURE 1: Effect of oestradiol (E
2
) on Ps. aeruginosa growth rate.

Optical density (OD) measurements taken at hourly, six-hour and
24-hour intervals, to assess the growth rate of Ps. aeruginosa in the
presence of E

2
in comparison with ethanol (EtOH).

FIGURE 2: Colony-forming units (cfu/ml) were calculated measuring the
growth of Ps. aeruginosa at six and 24 hours.

RCSIsmjoriginal article

Page 24 | Volume 6: Number 1. 2013



original article

significantly different from cultures grown in the presence of E2,

which contained 4.1 x 109cfu/ml.

E2 affected the expression of SOD
The expression of CAT and SOD under the influence of E2 was

measured using RT-PCR. The expression of CAT at an mRNA level

decreased at six hours then increased at 24 hours but showed no

statistical significance (Figure 3a). In comparison the expression

of SOD was significantly affected by the presence of E2. There was

a significant decrease at six hours (p=0.0001) and a two-fold

increase at the 24-hour interval (p=0.0057) (Figure 3b).

Discussion
In the emerging field of microbial endocrinology, which combines

endocrinology and microbiology, the effect that E2 has on

microbial characteristics and activity is currently being

investigated.10 Oestrogen has been shown to affect bacterial

morphology of Ps. aeruginosa by inducing alginate production.1

On a genetic level, it has been shown to cause a mutation in the

mucA gene, which induces the production of alginate and in turn

causes the mucoid conversion of Ps. aeruginosa. The relationship

between E2 and the growth of Ps. aeruginosa has not yet been

investigated. In our attempt to explore the effect we discovered

that short exposure of E2 solely had no significant effect on the

bacterial growth of Ps. aeruginosa. Little is understood of what

affects the bacterial growth during the initial hours and days.

Chotirmall et al. showed recently that mucoid conversion of Ps.

aeruginosa in the presence of E2 happens after four weeks.6

Furthermore, the effects of E2 have also been mediated through

the activation of oestrogen receptors (ERs), both alpha and beta,

throughout various organs in the body.6 These receptors have

effector mechanisms that are genomic, inducing gene

transcription, or non-genomic, involving more rapid extra-nuclear

pathways. Our interest was associated with the latent genomic

pathway and effect that 17-β E2 had on the gene expression of

two particular enzymes, CAT and SOD. These both have a role in

the reduction pathway of H2O2, a toxic free radical

DNA-damaging agent.5,6

Our lungs are exposed to high levels of oxidative stress, more

than any other organ in the body. They are also exposed to
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FIGURE 3: Effect of oestradiol (E2) on catalase (CAT) and superoxide dismutase (SOD) gene expression. a) Illustrates the overall gene expression of CAT
in CFBE41o- cells that were treated at six and 24 hours in comparison to the control EtOH 24-hour sample. b) Illustrates the overall gene expression
of SOD in CFBE41o- cells that were treated at six and 24 hours in comparison to the control EtOH 24-hour sample.
*p<0.01
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FIGURE 4: Oxygen reduction pathway. Illustrates the reduction pathway
of oxygen free radical species. The superoxide anion (O2

-) produced by
partial metabolism of O2 both in the cytoplasm and mitochondria is
reduced to hydrogen peroxide (H2O2) by the enzyme superoxide
dismutase (SOD). H2O2 is further reduced to H2O and O2 by the
catalase enzyme. In the cystic fibrosis bronchial epithelial cell, increased
activity of SOD and catalase inhibition both contribute to an increased
level of H2O2, a DNA-damaging free radical.



pollutants, free radical and other carcinogenic species. In the

normal lung, the electron transport chain and mitochondria are

the sites of the reduction pathway of oxygen. O2 is reduced to

superoxide (O2
-) and further reduced (to H2O2) by the enzyme

SOD.11 H2O2 is then safely reduced to H2O and O2 by the

enzyme CAT (Figure 4).

In the CF lung, neutrophils produce H2O2.6 Ps. aeruginosa can

also produce H2O2. Oestrogen has been shown to enhance levels

of H2O2 in Ps. aeruginosa after short-term exposure to E2, likely

via inhibition of CAT activity. Yet the effects of E2 on the host

enzyme CAT have not been made clear, nor is it known whether

SOD also plays a role in the E2-mediated H2O2 reduction

pathway. We investigated the genetic expression of these

enzymes in the presence of E2. We found that E2 did not increase

or decrease the expression of CAT. However, the presence of E2

had a significant effect on the expression of SOD. At short-term

exposure, SOD expression was suppressed in CFBE41o- cells, then

after 24 hours increased two-fold when exposed to E2. This would

indicate the presence of oestrogen-responsive elements (ERE) on

the SOD transcription genes that have a high affinity for ER-β
binding.12 Yet further research needs to be done to investigate

the direct effect of SOD gene expression and activity and H2O2

production and levels.

Conclusion
The CF gender gap has opened a new research avenue to explore

the hormonal association to this disorder. In this project we

investigated the effect E2 had on the bacterial growth rate of Ps.

aeruginosa and came to an understanding that E2 did not solely

influence the growth rate. Further research is needed to look at

the various factors that influence the initial bacterial attachment

and colonisation, and to assess the likelihood of a hormonal

influence. Such factors could be associated with the extra-cellular

enzymes or toxins that induce the degradation, and therefore the

breach, of host cell barriers.13

This project also looked at the host response of CF bronchial

epithelial cells and their expression of two different enzymes, CAT

and SOD, under the influence of E2. It is apparent that E2 does

not affect the expression of CAT. However, previous studies have

shown that E2 inhibits CAT activity in Ps aeruginosa. Whether E2

affects mammalian CAT activity remains to be tested. E2 did

appear to have a significant effect on SOD genetic expression. As

a result further investigations would be needed to quantify SOC

protein levels, SOD activity, levels of H2O2 expressed by CFBE41o-

cells in response to E2, and further analysis of EREs in the SOD

promoter.
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