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Abstract

Background: An arsenic-resistant microbial strain, Micrococcus sp. KUMAs15 isolated from West Bengal, India, has
demonstrated high resistance to arsenic due to its arsenic accumulation and adsorption ability, establishing the strain as a
potential arsenic bioremediation candidate for arsenic-contaminated niche. The successful field application of the microbe
necessitates evaluation of probable immunotoxicological reactions on human cells. The present study determines
expression profiles of pro-inflammatory and anti-inflammatory cytokines in cells exposed to KUMAs15.

Results: The present study explored the alterations in expressions of the pro-inflammatory and anti-inflammatory
cytokines in two human cell lines exposed to KUMAs15. The expression profile of the cytokine genes demonstrated that
Micrococcus sp. KUMAs15 does not significantly induce inflammatory effects in these human cell lines. The upregulated
expression of IL-8 and downregulated expression of IL-6 were observed in HaCaT. The HepG2 have shown
downregulated IL-12 gene expression. These observations indicate the non-pathogenicity of KUMAs15 on the human cell
lines.

Conclusion: The observations from the study extend the applicability of the arsenic-resistant Micrococcus sp. KUMAs15 for
environmental arsenic decontamination. The isolate KUMAs15 was observed to be non-pathogenic to the human cell
lines, as the strain does not initiate inflammatory reactions in these cell lines.
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Background
Arsenic (As) is a naturally occurring metalloid often
considered as one of the most hazardous chemical pol-
lutants in the contemporary scientific era. The As con-
tamination is now being appropriately called the largest
mass poisoning in human history [1]. Arsenic, the most
abundant hazardous toxic metalloid [2], is widely distrib-
uted in the lithosphere, hydrosphere, and biosphere
since the ancient geological period. The anthropogenic
activities, together with the spontaneous geological activ-
ities like volcanic eruptions and weathering, are respon-
sible for the dissipation of this metalloid throughout the

globe [3]. The As removal technologies, combining
chemical and biological approaches, are changing the
scientific landscape for environmental As decontamin-
ation. The microbe-assisted remediation for As-contami-
nated systems are making significant progress towards the
development of sustainable technologies that are applic-
able to different agro-ecological regions [4, 5].
Microbes possess resistance adaptations to resist high

concentrations of heavy metals present in its ecological
niche [6–8]. The metal tolerance adaptations of bacteria
have potentialities for heavy metal bioremediation [9,
10] in different environments. Despite tremendous po-
tentialities for microbial bioremediation, earlier studies
reported that heavy metal-tolerant bacteria could be
pathogenic to humans [11]. One of the major concerns
in the field application of the As-resistant microbial
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strains for As decontamination of the environment is
the probable pathogenic response with other organisms,
especially to humans. Thus, for sustainable microbe-
assisted bioremediation management, knowledge on
probable toxicological or immunogenic reactions with
the microbial strain and human cells should be eluci-
dated to establish the isolated microbial strains as non-
pathogenic before their application in As-contaminated
fields where they might interact with humans.
A highly As-resistant microbial isolate has been previ-

ously reported from our laboratory. The microbial iso-
late is designated as KUMAs15 identified as a strain of
Micrococcus [12] following 16SrDNA sequencing and
analysis of homology by the NCBI BLAST function [13]
and Ribosomal Database Project [14]. The isolated mi-
crobial strain has shown arsenite [As(III)] oxidation cap-
ability, by accelerating the spontaneous conversion of As
(III) to a less toxic form arsenate [As(V)] [15] which
could be removed from water with ease due to its lower
solubility than As (III) [16, 17]. The microbe Micrococ-
cus sp. KUMAs15 could also remove As from the cul-
ture medium in a laboratory condition by surface
adsorption as well as arsenic accumulation at the envir-
onmentally relevant concentration of As; the results
have been earlier reported [12]. The present study aimed
to validate the possible pathogenic effect of the isolated
arsenic-decontaminating bacterium on human cell lines.

Methods
Cell culture and co-culture with KUMAs15
The present study included two adherent human cell
lines, keratinocytes (HaCaT) and liver epithelial cells
(HepG2), obtained from the National Centre for Cell
Science, Pune, India. The HaCaT cell line was cultured
in Dulbecco’s modified Eagle’s medium (DMEM; HiMe-
dia) supplemented with high glucose, sodium pyruvate,
and 10% fetal bovine serum (FBS; Gibco, USA), while
the HepG2 cell lines were cultured in Eagle’s minimum
essential medium (MEM; HiMedia) supplemented with
10% FBS. The cells were inoculated without antibiotics
to prevent interference in microbial culture in co-culture
experiments in subsequent assays. The cells were main-
tained at 37 °C with 5% CO2 in a standard CO2 incuba-
tor (Thermo Scientific, USA). The present study has
been waived from ethical permissions according to the
guidelines of the Indian Council of Medical Research
(ICMR) for the biomedical research studies conducted
in India [18].

Cellular toxicity assay
The cytotoxicity of Micrococcus sp. KUMAs15 on the
HaCaT and HepG2 cells was determined by the MTT
assay for the analysis of cellular viability. In the experi-
ment, HaCaT and HepG2 cell lines treated only with

PBS served as the negative control, whereas cells treated
with Triton-X served as the positive control.

Cytokine assay
The inflammatory reactions of the HaCaT and HepG2 after
the exposure to KUMAs15 were determined by cellular
cytokine assay. ELISA analysis of the pro-inflammatory cy-
tokines TNF-α, IL-8, IL-2, IL-6, IL-10, and IL-12p70 in the
human cell lines HaCaT and HepG2 exposed to isolated
Micrococcus sp. KUMAs15 was performed in a 4-h and 24-
h time span. The PBS-treated human cell line not exposed
to KUMAs15 served as the negative control group whereas
cells co-cultured with E. coli served as the positive control
due to its lipopolysaccharides, which elicit a cytokine re-
sponse in these cell lines [19].

Transcriptional analysis of cytokine genes
The transcriptional expression of cytokine genes have
been determined by semi-quantitative reverse transcript-
ase PCR. The HaCaT and HepG2 cells have been cultured
and subjected to treatment with either PBS, served as the
negative control, or the Micrococcus sp. KUMAs15 and
have been incubated overnight. Total RNA isolation was
carried out using Trizol reagent (Invitrogen, USA) follow-
ing the standard protocol [20] and was eluted with 20 μL
of RNase-free water (Thermo Scientific, USA) and quanti-
fied at 260 nm (Evolution 201 UV-Visible Spectrophotom-
eter, Thermo Scientific, USA). The cDNA has been
synthesized by reverse transcription, using the total RNA
as the template with the RevertAidTM First Strand cDNA
Synthesis Kit (Thermo Scientific, USA) following the
manufacturer’s protocol, followed by the PCR amplifica-
tion of the genes of interest using the cDNA as the tem-
plate and appropriate primers [21] and followed by the
agarose gel electrophoresis. The constitutive expression of
the housekeeping gene, β-actin, was used as the loading
control in this experiment.

Translational analysis of cytokine genes
The expressional analysis at the transcriptional level
of cytokine genes was further confirmed at the pro-
tein level by western blot analysis. The HaCaT and
HepG2 were cultured and exposed to the isolated
Micrococcus sp. KUMAs15 for 24 h followed by pro-
tein isolation and western blotting.

Statistical analysis
The statistical analysis was performed using Graph-
Pad Prism 6 software. The GraphPad algorithm has
been used to perform one-way ANOVA followed by
Tukey’s multiple comparison tests. All the experi-
ments were carried out in triplicate, and p < 0.05
was considered as statistically significant.
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Results
Cellular toxicity assay
The viability of the HaCaT and HepG2 cells exposed to
isolated Micrococcus KUMAs15 was observed to be un-
altered in MTT assay. The unaltered survival of the
HaCaT and HepG2 cell lines when co-cultured with
KUMAs15 showed the non-pathogenicity of the isolated
microbe Micrococcus sp. on these cell lines (Fig. 1).

Cytokine profile of the human cell lines
The HaCaT and HepG2 cell lines show differential cyto-
kine profiles when exposed to Micrococcus sp.
KUMAs15. The HaCaT cells show no significant alter-
ation of overall cytokine profile when compared to the
PBS-treated group, although higher cytokine levels were
observed when cells were exposed to E. coli, which
served as the positive control. Specifically, the HaCaT
cells showed increased IL-2 and IL-6 cytokine levels
after 24 h of co-culture with isolated KUMAs15. The
HepG2 cells showed no alterations in the majority of the
cytokines tested when compared to the PBS group, with
higher cytokine levels observed when exposed to E. coli
cells. The HepG2 cells showed a higher cytokine level
when exposed to KUMAs15 for 4 h, but after 24 h of in-
cubation, the cells showed no alteration in the IL-8 level.
The human liver epithelial HepG2 cells also showed in-
creased IL-2 and IL-10 levels in 4 h, which decreased
after 24 h of KUMAs15 exposure (Fig. 2).

Transcriptional analysis of cytokine genes
The RT-PCR analysis of HaCaT cells (Fig. 3) showed no
significant upregulation for the IL-6 gene when exposed
to KUMAs15. The transcriptional expression of the IL-8
gene decreased when exposed to KUMAs15 and the
downregulation is not very marked, whereas a nominal
level of upregulation was observed in the TNF-α cyto-
kine gene in KUMAs15-exposed HaCaT cells. Overall, it

appeared from the transcriptional study that KUMAs15
have not significantly induced the cytokine gene expres-
sion in HaCaT cells. The HepG2 cells show marked up-
regulation in IL-10 gene expression at the RNA level
when incubated with KUMAs15 culture (Fig. 4). The up-
regulation of TNF-α gene expression is also evident in
the treatment group but not as marked as that of IL-10
expression. The cytokines IL-12 and IL-8 show non-sig-
nificant downregulation in KUMAs15-treated cells when
compared to the PBS-treated negative control group.
The observations at the RT-PCR analysis of RNA ex-
pression of cytokine genes in these cell lines indicate
that KUMAs15 does not initiate an inflammatory reac-
tion in these cell lines.

Translational analysis of cytokine genes
Western blotting analysis of the protein expression in
HaCaT cells showed upregulation of IL-8 whereas sig-
nificant downregulation was observed in IL-6 protein ex-
pression (Fig. 5). When exposed to KUMAs15, HaCaT
cells showed no significant alteration in TNF-α protein
expression. Thus, protein profiling of HaCaT cells con-
firms the pattern of cytokine gene expression evident
from RT-PCR analysis. The HepG2 (Fig. 6) showed no
significant alteration in protein expression for IL-8, IL-
10, and TNF-α. The protein expression of IL-12 showed
downregulation when HepG2 cells were exposed to
KUMAs15, but the decrement was not very marked.
Western blotting analysis confirms the expression pat-
tern was evident from the transcriptional study.

Discussion
The eco-friendly microbe-mediated arsenic bioremediation
demands suitable microbial candidates for successful field
administration with optimum safety to the ecologically
interacting organisms, most importantly humans. The es-
sential criteria for any microbial candidate for sustainable

Fig. 1 Cytotoxicity analysis of human cell lines was done following 24 h of exposure to the isolated Micrococcus sp. KUMAs15. The cellular survival
value is given as percentage. Data are the mean of three replications for each treatment regime with ± SD (p < 0.05)
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Fig. 2 ELISA analysis of the cytokines in the human cell lines HaCaT (a) and HepG2 (b) exposed to Micrococcus sp. KUMAs15 for 4 h and 24 h.
Culture media with PBS as the negative control and all values represent fold change induction of the cytokines relative to the PBS control. Data
are the mean of three replications for each treatment regime with ± SD (p < 0.05)

Fig. 3 Transcriptional expression of the cytokine genes in the HaCaT cell line showing no significant difference between the control (PBS treated) and KUMAs15 co-
cultured cells. β-actin was considered as the housekeeping gene with constitutive transcriptional expression. Densitometry was done and plotted with ±SD (p < 0.05)

Fig. 4 Transcriptional expression of the cytokine genes in the HepG2 cell line showing no significant difference between the control (PBS treated)
and KUMAs15 co-cultured cells. β-actin was considered as the housekeeping gene with constitutive transcriptional expression. Densitometry was
done and plotted with ± SD (p < 0.05)
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heavy metal decontamination are the cytotoxic or immuno-
genic non-reactivity of the isolated microbial candidate with
the human cells [22]. The present study dealt with the ef-
fect of isolated microbial strain Micrococcus sp. KUMAs15
on human keratinocytes, HaCaT, and liver epithelial cells,
HepG2. The characterization of the isolated microbial
strain, KUMAs15, has been earlier reported [12], which also
established Micrococcus sp. KUMAs15 as a potential candi-
date for environmental decontamination of arsenic.
An initial step in understanding the effect of the micro-

bial strain KUMAs15 on the human cells is to examine its
cytotoxic or inflammatory effect on the cell lines, represen-
tative of human tissues. The cell lines were initially incu-
bated with KUMAs15 followed by analysis of the change in
cell viability and inflammatory responses. Following the
cytotoxicity assay to ascertain cellular viability, cytokine
assay was performed on two human cell lines namely hu-
man keratinocyte (HaCaT) and human liver epithelial cell

line (HepG2) to ascertain the role of the isolated strain in
these cells for finding the suitability of the isolated strain
for sustainable microbial bioremediation.
Application of the bacterial isolate to decontaminate

ambient arsenic contamination could be limited due to
any possible health concern that may emerge during field
application if the bacteria are pathogenic to humans [11].
To gain knowledge on toxicological or immunogenic reac-
tions of KUMAs15 exposure, immune-toxicological pa-
rameters were studied after the exposure of the isolated
microbial strain Micrococcus sp. KUMAs15 on human cell
lines. The present study demonstrated that Micrococcus
sp. KUMAs15 did not have any significant toxic effect on
the viability of the human cells, when compared to the
viability of the PBS-treated control cells assessed by the
MTT assay (Fig. 1). The human cell lines were directly ex-
posed to the isolates bacteria Micrococcus sp. KUMAs15
in culture condition and then removed by washing as well

Fig. 5 Western blot of the cytokine genes in the HaCaT cell line showing no significant difference between the control (PBS treated) and
KUMAs15 co-cultured cells. β-actin was considered as the housekeeping gene. Densitometry was done and plotted with ± SD (p < 0.05)

Fig. 6 Western blot of the cytokine genes in the HepG2 cell line showing no significant difference between the control (PBS treated) and
KUMAs15 co-cultured cells. β-actin was considered as the housekeeping gene. Densitometry was done and plotted with ± SD (p < 0.05)
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as antibiotic treatment. The bacterium is completely safe
as confirmed by the assay as no increase in cellular apop-
tosis or necrosis was observed after exposure to the iso-
lated strain. To maintain consistency, the cytokine profile
of the cell line after exposure to the isolate was also mea-
sured by ELISA; the observation (Fig. 2) was further con-
firmed by gene expression profiling at the RNA and
protein level by RT-PCR (Figs. 3 and 4) and western blot-
ting (Figs. 5 and 6) respectively. The cytokine gene expres-
sion shows no alteration in TNF, IL-10, and IL-8 levels.
This is due to the suppressive effect of IL-10 on pro-in-
flammatory cytokine responses [23, 24] in the HepG2 cell
line, while the HaCaT cells showed no alteration in TNF
expression earlier reported to be induced by GMCSF [25].
It is well evident that exposure to Micrococcus sp.
KUMAs15 did not provoke a sustained elevation of any of
the inflammatory cytokines in the human cell lines stud-
ied. The present observations bring us to the inference
that arsenic-resistant Micrococcus sp. KUMAs15 seems to
be inherently non-pathogenic to mammalian cells as it
does not induce a robust immunogenic response in the
human cell lines. The immunotoxicological feature of the
isolated strain does not show any alteration in the cyto-
kine profile in human cells in vitro. These results indicate
that Micrococcus sp. KUMAs15 is a non-pathogenic strain
and along with its potential could be used as a potential
arsenic-decontaminating agent.

Conclusion
The cytotoxicity assay, cytokine assay, and gene expres-
sion studies of cytokine genes at the transcriptional and
translational levels indicate the non-pathogenic nature
of the Micrococcus sp. KUMAs15 on the human cell
lines at culture conditions. Thus, the present work could
be considered as an extension of the previous findings of
our laboratory, indicating the extent of safety in applying
the Micrococcus sp. KUMAs15 in fields, by establishing
it as a non-pathogenic microbial candidate for sustain-
able As bioremediation.
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