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INTRODUCTION

Accumulating evidence shows some antibiotics exert
their beneficial effects not only by direct killing or
inhibiting the growth of pathogenic bacterial, but
indirectly are able to induce immunomodulatory
responses.['?l Macrolides, as a common family of
antibiotics in clinic, have already approved their
immunomodulatory effects.® The dominant
proinflammatory cytokines, including interleukin
8 (IL-8) and tumor necrosis factor (TNF-a), are
downregulated by macrolides. They are also able
to inhibit leukocyte chemotaxis by suppressing the

Access this article online

Quick Response Code:
Website:

www.jmsjournal.net

DOI:
10.4103/jrms.JRMS_833_19

synthesis of endogenous chemotactic factors. Moreover,
beta-lactam antibiotics, a class of broad-spectrum
antibiotics, comprise all antibiotic agents containing a
beta-lactam ring in their molecular structure. This family
includes penicillin derivatives penams, cephalosporins,
monobactams, and penicillins.! Penicillin acts by
inhibiting bacterial transpeptidase, an essential enzyme
for bacterial cell wall biosynthesis.>¢!

Based on new findings, immunomodulatory functions
of antibiotics might affect inflammatory responses
in autoimmune diseases and chronic inflammatory
conditions. Tetracycline has recently been shown to
exert a number of pleiotropic anti-inflammatory and
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immunomodulatory activities. The tetracycline class of
drugs appears to have anti-inflammatory along with
cartilage-protective effects in theumatoid arthritis (RA), most
probably by inhibiting matrix metalloproteinase (MMP)." In
addition, tetracycline therapy in immunoglobulin-mediated
autoimmune or allergic diseases is emerging.®® Minocycline
from tetracycline family also inhibited microglia/
macrophage activation in animal encephalomyelitis
models.??! Moreover, doxycycline prevents isotype
switching in human B cells." Doxycycline and minocycline
block inducible nitric oxide synthase (iNOS) and nitric
oxide (NO) in rheumatoid arthritis.'>!*! In the animal
model, lipopolysaccharide (LPS)-induced pro-inflammatory
cytokines (IL-8, TNF-o, and IL-6) modulated by low dose of
doxycycline."? While the role of macrolides in modulating
immune responses have elucidated, our knowledge of
beta lactam antibiotics behavior in inducing inflammatory
responses are not clear still. Our recent observations and
pilot study showed marked anti-inflammatory activities
of penicillin derivatives on several rheumatic conditions.
In the present study, we aim to investigate PCN effects on
the differentiation of human T-cell population. Essential
transcription factors for developing different T-cell
population including T-bet, GATA3 protein (GATA3),
RORgammaT (RORyt), forkhead box P3 protein (FOXP3)
as well as interferon-gamma (IFN-y) and interleukin
17A (IL-17A) gene expression human T-cells treated by
PCN were investigated.

MATERIALS AND METHODS

Human subjects

In the experimental study, 10 healthy male, aged 20-25
(22.5 + 4.29), were selected of students and staff of the
medical faculty, Shahid Sadoughi University of Medical
Sciences, Yazd, Iran. All the participants were in full health
condition confirmed by the university clinic, and informed
consent was obtained. The participants did not show present
or past infection diseases at least 1 month before sampling.
The sera of donors also was screened for anti-HIV-1,
anti-HbsAg, and anti-HCV by commercial enzyme-linked
immunosorbent assay kits (Diapro, Diaplus, Italy). None
of the donors had received antiviral, anti-bacterial, or
anti-inflammatory treatment 1 month before entry into
the study to avoid the possible effect of therapy on the
expression of genes expression. The people who had a
history of autoimmune diseases, organ transplantation,
chemotherapy, and metabolic disorders were excluded
from the study. Fifteen milliliters fresh heparinzd blood
specimen obtained of each healthy donor volunteer and
peripheral blood mononuclear cells (PBMCs) enriched
by using Ficoll (Biosera, Germany) density gradient and
cultured in 96 cell culture plates. For each donor 9 x 107
cells were cultured into 45 wells (in each well 2 x 10° cells).
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The wells randomly selected by random number table
and divided to five groups. In each group, 3 wells were
considered as unstimulated (control), 3 wells stimulated
by ani-CD3, 3 wells stimulated by anti-CD3/CD28, 3 wells
stimulated by Penicillin G sulfate, and 3 wells stimulated
simultaneously by anti-CD3/CD28/PCN-G. For reverse
transcription polymerase chain reaction (PCR) assessment,
each 3 wells harvested and treated for analysis. Therefore,
totally with considering 10 donors and three times (24,
48 and 96 h) assessments, 150 samples were assessed by
real-time PCR. The Ethics Committee of Shahid Sadoughi
University of Medical Sciences, Yazd, Iran approved our
study methodology (Ethic code: IR.SSU.MEDICINE.
REC.1394.153). All patients who enrolled in the study signed
a written informed consent for the study.

Cell culture

To evaluate GATA3, IFN-y, T-bet, IL-17, RORyt, and
Foxp3 genes expression, 15 ml of heparinized peripheral
blood was taken from the donors. PBMCs from healthy
individuals donors (n = 10) were obtained and layered
over a Ficoll-Hypaque gradient (Biosera, Germany). Cells
were washed and suspended in RPMI1640 medium,
supplemented with 10% fetal bovine serum (Invitrogen,
Denmark). PBMCs were cultured in 96-well cell culture
microplate at 200 pl per well with 2 x 10° cells. The cells
were stimulated by anti-CD3 and anti-CD28 (eBioscience,
CA). Penicillin G sulfate was added to the cells in the
concentration of 120 ug/ml. The Cultures were performed in
triplicate and maintained at 37°C/5% CO,. After 24, 48, and
72 h of incubation, IFN-y, IL-17, Foxp3, T-bet, and GATA3
mRNA levels were measured by quantitative real time PCR.

Quantitative real-time polymerase chain reaction

To investigate mRNA levels of GATA3, IFN-y, T-bet, IL-17,
RORyt, and Foxp3, quantitative PCR (qPCR) method was
used. The PBMCs were stimulated as mentioned in the
earlier section and total RNA extracted by Trizol (Roche
Diagnostics GmbH, Mannheim, Germany) method.
The quantitative and quality of the RNA were carried
out by NANODROP 2000c (Thermo Fisher Scientific
Inc., USA). Prime-ScriptTM, RT reagent kit (Takara
Biotechnology, Otsu-Shiga, Japan) was purchased and
complementary DNA (cDNA) was synthesized according
to the manufacturer’s instructions of the kit. Quantitative
real-time PCR was performed on the Mic qPCR Cycler (bio
molecular systems, Australia). Primers were designed
by web-based “primer 3” software (http://bioinfo.ut.ee/
primer3-0.4.0/). PCR assays were carried out in 20 pL
reaction volumes containing 100 ng of cDNA, 250 nM of
forward and reverse Primers and used QuantiTect SYBR
Green PCR Kit (QIAGEN, Germany). qPCR was performed
using Mic qPCR Cycler (bio molecular systems, Australia).
Real-time PCR reactions were run in triplicates for each gene
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of interest, and data were analyzed by REST 2009 (v2.0.13)
software. The synthesized primers characteristics presented
in Table 1. Beta actin as a housekeeping gene was used as
an endogenous control to normalize the samples. Expressed
target genes normalized to beta actin and delta-delta Ct
method was used to measure the expression changes in
target genes.

Data analysis

The obtained results were analyzed by the SPSS version.
16.0 software (SPSS Inc., Chicago, IL, USA). Mann-Whitney
U-test was used for determining the differences between
the medium of gene expression levels of stimulated cell
population and unstimulated cells by PCN. P < 0.05 was
considered statistically significant. Correlations between
the related genes (T-bet, IFN-y, RORyt, and IL-17A) were
determined using the Spearman test.

RESULTS

GATAS3 gene expression

GATAS3 has conventionally regarded as a transcription
factor that drives the differentiation of TH2 cells. Obtained
data of unstimulated PBMCs and stimulated the cells by
CD3/CD28/PCN-G after 24 H showed elevated GATA3
expression [Table 2]. However, further evaluation of
stimulated cells in 48 and 72 h did not support the elevation
trend PCN [Figure 1]. Real-time PCR results are presented
in supplementary documents.

Forkhead box P3 protein gene expression

QPCR analysis of Foxp3 gene expression in stimulated
PBMCs did not show significant changes in the cells after 24
and 48 h in the presence of PCN G [Figure 2, P =0.45]. After
72 h of stimulation PBMCs by PCN G produced elevated
levels of Foxp3; however, statistical analysis did not show
significant differences (P > 0.05).

Interferon-gamma gene expression

IFN-y as a pluripotent cytokine plays a vital role in developing
TH1 cells and leading cell-mediated immunity. IFN-y mRNA
measurements by QPCR results of the study showed that PCN
G effectively down regulated of the gene after 72 h [Figure 3].

T-bet gene expression

T-bet, as effective transcription factor, promotes the
development of TH1 cells. This transcription factor also is
essential for the expression of IFN-y in human T-lymphocytes.
Our results showed that penicillin is able to modulate T-bet
in activated T-cells by CD3 and CD28 pathways. After 72 h of
coculturing PBMCs with PCN and anti-CD3 and anti-CD28,
levels of T-bet mRNA decreased significantly comparing
with stimulated T-cells by anti-CD3 and anti-CD8 [Figure 4].

Interleukin-17A gene expression

IL-17A is considered as an inflammatory cytokine that
produce mainly by TH17 cells. Neutrophils related
inflammation is related to some extent to this cytokine’s
function. The results of the present revealed that PCN G is
able to reduce the expression of IL-17 when it administrated
by anti-CD3 and anti-CD28 [Figure 5].

RORyt gene expression

TH17 cells development is related to the expression
of RORyt. The present study investigated IL-17A and
RORyt in stimulated T-cells simultaneously. Our results
showed that after 48 h of stimulation T-cell by anti-CD3,
anti-CD28 and PCN G, median of RORyt gene expression
significantly downregulated comparing to activated
T-cell by anti-CD3 and anti-CD28 [Figure 6] (P = 0.03).

DISCUSSION

We had shown previously that the prevention of articular
symptoms in acute rheumatic fever during monthly

Table 1: Primer sequences used for the real-time polymerase chain reaction

Gene Primer sequence 5’ to 3’ Temperature Amplification length (bp)

Foxp3 Forward: GAAACAGCACATTCCCAGAGTTC 56.3 100
Reverse: ATGGCCCAGCGGATGAG 58

T-bet Forward: TGTTGTGGTCCAAGTTTAATCAGCA 57.1 158
Reverse: CCCGGCCACAGTAAATGACAG 58.3

RORyt Forward: TGCAAAGAAGACCCACACCTCACA 60.7 197
Reverse: ATCGGTTTCGGCTGGTGCGG 63.2

Gata3 Forward: AGATGGCACGGGACACTACCT 60.3 92
Reverse: ACAGTTCAGCCATCACTTGGA 56.5

IFN-tim Forward: CTAATTATTCGGTAACTGACTTGA 50.4 75
Reverse: ACAGTTCAGCCATCACTTGGA 56.5

IL-17A Forward: GGAAGAAACAACGATGAC 48.4 88
Reverse: GATTCCTGCCTTCACTAT 48.6

B-actin Forward: CAA GAG ATG GCC ACG GCT GCT 62.5 275
Reverse: TCC TTC TGC ATC CTG TCG GCA 61

Gata3=Gata3 protein; RORyt=RORgammaT; FOXP3=Forkhead box P3; IFN-y=Interferon-gamma; IL-17A=Interleukin 17A; T-bet: T-box transcription factor TBX21
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Table 2: Cytokine mRNA expression in stimulated and unstimulated peripheral blood mononuclear cells

Cytokine Stimulation Unstimulated Stimulated PBMCs Stimulated PBMCs P
time (h) PBMCs by anti-CD3/CD28 anti-CD3/CD28/PCN-G
Gata3 24 1.7 (0.41-3.20) 4.1 (1.8-11.2) 4.3 (2.1-10.24) 0.002**
48 1.4 (0.31-0.41) 1.3 (0.24-4.11) 1.1 (0.24-3.76) 0.235
72 1.5 (0.24-4.56) 3.5 (1.2-6.11) 1.4 (0.43-5.23) 0.243
FoxP3 24 0.4 (0.11-.2.45) 1.2 (0.35-4.89) 1.5 (0.34-5.34) 0.001*
48 1.2 (0.32-3.67) 2.4 (0.23-6.12) 1.85 (0.34-5.48) 0.081
72 1.6 (0.26-5.34) 3.4 (0.35-7.45) 4.1 (0.42-8.28) 0.032*
IFN-y 24 1.4 (0.16-3.55) 14.5 (1.56-15.78) 7.3 (0.98-16.55) 0.021*
48 1.8 (0.62-4.67) 15.8 (1.44-13.98) 6.4 (1.16-12.55) 0.045*
72 1.2 (0.28-5.84) 15.5 (1.67-13.45) 7.5 (2.16-12.38) 0.001**
T.bet 24 1.7 (0.26-3.45) 2.2 (1.22-5.66) 2.3 (0.98-5.57) 0.081
48 1.8 (0.66-4.77) 2.1 (0.23-5.12) 1.4 (0.16-4.55) 0.343
72 1.8 (0.28-4.84) 4.1 (0.25-4.12) 1.1 (0.16-3.78) 0.125
IL-17 24 0.9 (0.12-3.15) 3.3 (0.21-4.11) 1.2 (0.18-3.23) 0.236
48 0.88 (0.12-2.67) 4.9 (0.21-4.23) 2.4 (0.16-4.69) 0.045
72 1.6 (0.29-5.14) 4.3 (0.21-5.13) 2.1 (0.16-4.38) 0.123
RORyt 24 0.8 (0.19-3.33) 2.2 (0.23-5.12) 1.3 (0.18-4.15) 0.122
48 1.2 (0.32-4.23 3.1 (0.34-4.39) 0.9 (0.23-3.45) 0.213
72 0.4 (0.18-4.14) 1.3 (0.15-4.19) 0.95 (0.16-3.38) 0.052*

*, **Represent P<0.05 and 0.01, respectively. All values are mean and range. Gata3=Gata3 protein; RORyt=RORgammaT,; FOXP3=Forkhead box P3; IFN-y=Interferon-gamma;

IL-17A=Interleukin 17A; T-bet: T-box transcription factor TBX21
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Figure 1: GATAS expression levels in stimulated and unstimulated PBMCs. Analysis of GATA3 mRNA in stimulated PBMCs with anti-CD3 (1 ug/ml), anti-CD28 (2 ug/ml)
and PCN G (120 ug/ml) did not show significant differences after 24 h and 48 h (graph 1 and 2); however, expression of the gene was down regulated after
72 h stimulation of the cells in the presence of PCN G (P = 0.035). The Bars represent mean + standard deviation values. NS = Nonsignificant; S = Significant;

PBMC = Peripheral blood mononuclear cell
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Figure 2: Foxp3 mRNA levels in PBMCs stimulated by 120ug/ml PCN, 1 ug/ml of anti-CD3 and 2 ug/ml of anti-CD28 are depicted in Graph 1, 2, and 3 after 24, 48, and
72, respectively. Although PCN G augmented expression of Foxp3 gene comparing to control group statistical analysis did not show significant differences (P> 0.05).
Bars represent mean + standard deviation values. NS = Nonsignificant; PBMC = Peripheral blood mononuclear cell

penicillin injections could be due to anti-inflammatory,
rather than antibiotic effects of penicillin.'®! To address
the possible anti-inflammatory properties of PCN-G, the
current study is designed to assess the PBMCs of healthy
donors’ reactions to the stimulation by PCN-G in an ex-vivo
condition. A limitation of the study was investigation of
PBMC:s of healthy donors without inflammatory diseases
in in-vitro condition. Several factors, including enzymes,
neutralizing proteins, genetic factors of host are working
in in-vivo conditions, which can affect the treatment.
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Moreover, PBMCs in many inflammatory situations and
infectious diseases are not the only involved cellular players.
Despite the mentioned limitation to get better knowledge
of PCN-G functions, in the first step we designed the
study by regular high dose of PCN-G which already has
been used in human for treatment in different pathologic
conditions. It has been approved that besides antimicrobial
activity, antibiotics have immunomodulatory properties.
Some distinct antibiotics are able to downregulate
pro-inflammatory cytokines including IL-1 B, IL-6, IL-8,
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Figure 3: Decreased IFN-y gene expression in stimulated PBMCs 48 h and 72 h (graph 2 and 3) of cultures with 120 pg/ml of PCN G, 1 ug/ml of anti-CD3 and 2 ug/ml
of anti-CD28 (P = 0.02). The Bars represent mean + standard deviation values. NS = Nonsignificant; S = Significant; IFN-y = Interferon-gamma; PBMCs = Peripheral
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Figure 4: T-bet gene mRNA levels down regulated significantly in stimulated PBMCs after 72 h (graph 3) of incubation with 120 pug/ml of PCN G, 1 pg/ml of anti-CD3
and 2 pg/ml anti-CD28 (P = 0.03). Bars represent mean + standard deviation values. NS = Nonsignificant; S = Significant; PBMCs = Peripheral blood mononuclear cells
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Figure 5: PCN G affected IL-17 gene expression levels in stimulated PBMCs negatively. To induce activation state in T-cells, 1 ug/ml of anti-CD3 and 2 pug/ml of anti-CD28
were used. Statistical analysis approved that PCN G significantly has down regulated IL-17 gene (Graph 1, 2, 3) (P < 0.05). The bars represent mean * standard
deviation values, S = Significant; PBMCs = Peripheral blood mononuclear cells; IL = Interleukin
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Figure 6: RORyt gene expression levels in stimulated T-cells by 1 ug/ml of anti-CD3, 2 ug/ml of anti-CD28, and 120 w/ml of PCN G after 24, 48 and 72 h of incubation.
Statistical analysis approved that PCN G significantly has down regulated RORyt expression after 48 h of stimulation (Graph 2) (P = 0.01). The bars represent

mean + standard deivation values. NS = Nonsignificant; S = Significant

TNF-0, IFN-y.81 On the other hand, certain antibiotics
ameliorate acute inflammation by inducing IL-10.1"1 In
addition to the effects of certain antibiotics (moxifloxacin
and ciprofloxacin) on development of Th1l and Th2
cells,® nuclear transcription factors such as NF-xB,
and activator protein-1 (AP-1) are also modulated by
distinct antibiotics.!'! Clarithromycin also decreases the
expression of IL-13, with anti-inflammatory effects, in
goblet cell in human bronchial epithelial cells.?>*! Based
on current evidence, there are growing attention on
immunomodulatory role of antibiotics in recent years.

5 Journal of Research in Medical Sciences

According to our results, PCN-G has upregulated GATA3
gene expression 24 h after stimulation. Physiological
effects of GATA3 leading TH2 responses causing
anti-inflammatory responses. GATA3 has conventionally
been regarded as a transcription factor that drives the
differentiation of TH2 cells.?? Sacha et al. showed that
clarithromycin has ameliorating role in severe asthma
because of inhibiting IL-13 effects on respiratory tracts
epithelial cells.®! It would be assumed that a part of
immunomodulatory role of PCN-G is dependent to
upregulation TH2 responses.
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Furthermore, macrolides including clarithromycin
suppress LPS-induced interleukin-8 production by
human monocytes through AP-1 and NF-kappa B
transcription factors.*! Our results also showed that
PCN G is able to diminish IFN-y expression after
72 h stimulation [Figure 4]. Studies on infected mice by
Listeria monocytogenes showed, rifampicin, cephradine,
amikacin, and ticarcillin have also prevented IFN-y
production while penicillin G and ampicillin did not
affect T cell IFN-y responses.[?! We also investigated
vital transcription factor for IFN-y production, T-bet, to
see possible mechanism for downregulation of IFN-y in
T cells treated by PCN G. Based on our results, PCN G
has downregulated T-bet gene expression after 48 and
72 h. On the other hand, neomycin, chloramphenicol,
gentamycin, rifampicin and oxytetracycline in mice
model did not alter the IFN-y levels in blood. However,
only in high doses of chloramphenicol (2500 pg/mouse)
a reduction of IFN-y was appeared.®*! According to
the present study and other surveys, some kind of
antibiotics may have the capacity to affect TH1 and
dependent mediators which might lead to suppress the
inflammation.

In the present study we also measured IL-17A gene
expression and its major transcription factor, RORyt, in
stimulated PBMCs with PCN G. Real-time PCR results
showed that PCN significantly has downregulated IL-17A
expression in T cells while RORyt levels did not show
significant changes. RORyt is a key transcription factor
playing an important role in TH17 cell differentiation. These
cells are characterized to produce IL-17A, IL-17F, IL-21
and IL-22. TH17 cells and their effector cytokines mediate
host-defensive mechanisms to various infections, especially
extracellular bacterial infections. According to our results,
PCN-G potentially is able to ameliorate inflammation
responses in ex-vivo conditions.

On the other hand, Regulatory CD4" T cells (Treg cells)
are the key cells to suppress inflammation responses
dependent to TH1 and TH17 cells. Development of the
Treg cells is critically dependent on X-linked transcription
factor Foxp3 (forkhead box P3). Our results did not show
significant effects of PCN G on Foxp3 mRNA expression.
Acquired results in arthritis related to chronic Borrelia
burgdoferi infection showed that following antibiotic
therapy the number of Treg has increased in the
peripheral and synovial fluid of the patients.***! However
in experimental autoimmune encephalomyelitis and
adjuvant arthritis rat models treated by cefuroxime or
penicillin, numerous genes associated with TH2 and
Treg differentiation were down-regulated.® The results
of the study did not support anti-inflammatory PCN-G
properties related to Treg cells.
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CONCLUSION

Our results confirmed the immunomodulatory role of PCN
G by affecting the expression of different cytokines genes
in PBMCs.
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