Brazilian Journal of Biology https://doi.org/10.1590/1519-6984.215721
ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

{e) ETR

Original Article

Diagnosis and treatment of HEp-2 cells contaminated
with mycoplasma

B. R. P. Lopes®® (©, A. G. Ribeiro*® ©, T. F. Silva® ©, L. V. Barbosa® ©, T. I. Jesus® ©,
B. K. Matsuda® @, M. F. Costa® ® and K. A. Toledo®**

“Departamento de Ciéncias Biologicas, Faculdade de Ciéncias e Letras, Universidade Estadual Paulista — UNESP,
Av. Dom Antonio, 2100, Parque Universitario, CEP 19806-900, Assis, SP, Brasil
"Instituto de Biociéncias, Letras e Ciéncias Exatas — IBILCE, Universidade Estadual Paulista — UNESP,
R. Cristovao Colombo, 2265, Jardim Nazareth, CEP 15054-000, Sao José do Rio Preto, SP, Brasil

*e-mail: karinafcla@gmail.com

Received: October 23, 2018 — Accepted: August 20, 2019 — Distributed: February 28, 2021
(With 3 figures)

Abstract

Contamination of primary and cell cultures by mycoplasmas is one of the main economic and biological pitfalls in
basic research, diagnosis and manufacture of biotechnological products. It is a common issue which may be difficult
to conduct surveillance on. Mycoplasma presence may affect several physiological parameters of the cell, besides
being considered an important source of inaccurate and/or non-reproducible scientific results. Each cell type presents
characteristical symptoms, mainly morphological, that indicate a contamination by mycoplasma. HEp-2 cells originate
from carcinoma of the larynx and are, therefore, part of the respiratory tract, which is one of mycoplasma habitats.
Despite the importance these cells in several biological research (evaluation of cell proliferation and migration, apoptosis,
antiviral and antitumor compounds), the alterations induced by mycoplasma contamination in HEp-2 cells have not yet
been described. Here, we describe the progressive morphological alterations in culture of HEp-2 cells infected with
mycoplasma, as well as the-diagnosis of the infection and its treatment. Mycoplasma contamination described within
this work led to cytoplasm elongation, cell-to-cell spacing, thin plasma membrane projections, cytoplasmic vacuoles,
fusion with neighboring cells, and, finally, cell death. Contamination was detected by fluorescence imaging (DAPI) and
PCR reactions. The cultures were treated with BM-Cyclin antibiotic to eliminate contamination. The data presented here
will be of relevance to researchers whose investigations involve cell culture, especially respiratory and HEp-2 cells.
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Diagnostico e tratamento de células HEp-2 contaminadas por micoplasma

Resumo

A contaminacdo de culturas primarias e celulares por micoplasmas é uma das principais armadilhas economicas e
bioldgicas da pesquisa basica, diagnostico e fabricagdo de produtos biotecnoldgicos. Trata-se de uma contaminagao
rotineira, mas de dificil acompanhamento. A presenga de micoplasma pode afetar varios parametros fisiologicos da
célula, além de ser considerada uma importante fonte de resultados cientificos imprecisos e/ou ndo reprodutiveis. Cada
tipo de célula apresenta sintomas caracteristicos, principalmente morfoldgicos, que indicam uma contaminacao por
micoplasma. As células HEp-2 sdo originarias do carcinoma da laringe e, portanto, fazem parte do trato respiratdrio,
um dos habitats do micoplasma. Apesar da importancia destas células em diversas pesquisas biologicas (avaliagao
da proliferag@o e migracao celular, apoptose, compostos antivirais e antitumorais), as altera¢des decorrentes da
contaminagdo por micoplasma nestas células ainda nao foi descrita. Aqui, descrevemos as alteragdes morfologicas
progressivas na cultura de células HEp-2 infectadas por micoplasma, bem como o diagndstico da infecgdo e seu
tratamento. A contaminag@o por micoplasma descrita neste trabalho resultou em alongamento citoplasmatico,
espagamento entre células, projecdes delgadas da membrana plasmatica, vacuolos citoplasmaticos, fusdo de células
vizinhas e, finalmente, morte celular. A contaminagéo foi detectada por imagens de fluorescéncia (DAPI) e reagdes
de PCR. As culturas foram tratadas com antibiotico BM-Cyclin para eliminar a contaminag@o. Os dados aqui
apresentados ser@o de relevancia para pesquisadores cujas investigagdes envolvem cultura celular, principalmente
células respiratorias e HEp-2.

Palavras-chave: cultura celular, células HEp-2, micoplasma, contaminagao, tratamento.
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1. Introduction

The employment of cell line culture in biological
research has been an important tool for over 100 years, due
to some peculiar features of these cells. They can proliferate
endlessly and maintain their original tissue-characteristic,
as long as some manipulation conditions are present.
Therefore, they are widely used as a model for several
physiological and pathological studies at both cellular
and molecular level.

Irrespective of the technological development in
biomedical research, contamination of cell cultures with
mycoplasma remains a challenge. The mycoplasmas, firstly
isolated in 1956 (Robinson et al., 1956), are the smallest
free-living bacteria, with diameters of 300-800 nm. These
pleomorphic microorganisms have no cell wall. Owing to
their small size and flexibility, they are able to-pass through
220-450 nm filters, which are commonly used in cell
cultures. The identification of mycoplasma contamination
may be hampered by the fact that this microorganism does
not alter the turbidity of culture medium, even though the
physiology, morphology and gene expression of the cell
is altered to a great extent. There may be several sources
of mycoplasma contamination, including the researchers
themselves, since the respiratory and urogenital mucosa
are the most frequent mycoplasma habitats (Phelan, 2007).

HEp-2 are a lineage of laryngeal carcinoma cells widely
used in studies prompt to evaluate cellular proliferation and
migration, apoptosis, anti-viral and antitumor compounds
(Cao et al., 2013; Godoi et al., 2014; Niu et al., 2015;
Xiang et al., 2015; Ying et al., 2015). Because they are
respiratory tract cells, HEp-2 may be more susceptible to
contamination by mycoplasma. Researchers who identify
the early morphological signs of mycoplasma contamination
are able to diagnose it and make proper decisions about
the disposal or treatment of these cells.

In this paper, we describe the progressive morphological
alterations presented by HEp-2 cells contaminated with
mycoplasma. We present methods for the detection and
elimination of mycoplasma from these cells.

2. Material and Methods
2.1. Cell culture

HEp-2 cells (oropharyngeal carcinoma) were purchased
from the Banco de Células do Rio de Janeiro (BCRJ cod.
0101). They were cultured in 25 cm? cell culture bottles
(Corning, NY, USA) in an incubator at 37 °C and 5% CO,
in F12 DMEM culture medium (Sigma, St. Louis, MO,
USA) supplemented with 5% inactivated fetal bovine
serum (Cultilab, Campinas, SP, Brazil) plus antibiotics and
antimycotics (10,000 units/mL of penicilin, 10,000 pg/mL
of streptomycin and 25 pg/mL of amphotericin B) (Life
Technologies, Gaithersburg, MD, USA).

2.2. Cell subculture

The bottles were maintained under the culture
conditions until reaching 80-100% confluency. All material
used was sterile and disposable. For the subculture, the
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culture medium was removed with the aid of serological
pipettes and the cell monolayer was washed twice gently
with 0.15M NaCl. NaCl was replaced by Tryple (0.5 mL)
(Life Technologies) and held for S min at 37 °C. Seventy
percent of detached cells were discarded and 30% were
kept in culture under the same conditions described in
the item above.

2.3. Detection of mycoplasma by fluorescence
microscopy

HEp-2 cells (5% 10%) collected after subculture were added
on poly-l-lysine (Sigma) treated coverslips, subjected to
successive washes with ice-cold sodium phosphate-buffered
saline (PBS; Sigma) and mounted on slides using ProLong
Gold plus DAPI as recommended by the manufacturer
(Invitrogen, Carlsbad, CA, USA). The image capture was
performed using a Nikon Eclipse Ti fluorescence inverted
microscope coupled in a Nikon Sight digital camera.
The images were analyzed in NIS-Elements Software
(Sousa-Rocha et al., 2015).

2.4. Detection of mycoplasma by PCR

Genomic DNA from HEp-2 cells was extracted
and purified via precipitation with NaCl and ethanol
(Stocco et al., 2012), from 1x10° cells. For the execution
of the PCR the primers GPO3 (5°GGG AGC AAA CAG
GAT TAG ATA CCC T3’) and MGSO (TGC ACC ATC
TGT CAC TCT GTT AAC CTC3’) were used that
amplify a part of the 16S unit gene of any species of the
genus mycoplasma (Van Kuppeveld et al., 1992). For the
PCR reaction, 1pL of the DNA of the extracted samples
was used, 200 uM of each triphosphate deoxynucleotide
(dTTP, dATP, dCTP, dGTP), 10 pmol of each primer in
solution containing 10 mM Tris-HCI pH 8.0, KC1 50 mM
and 1.5 mM MgCl 2 to a final volume of 10 puL. Reaction
conditions were: initial denaturation at 94 °C for 5 min,
30 cycles at 94 °C for 60 sec, primer annealing at 55 °C
for 60 sec and extension at 72 °C for 120 sec, and the
last step at 72 °C for 120 sec for final extension (Van
Kuppeveld et al., 1992). The amplified products were
applied in 1% agarose gel, submitted to electrophoresis
and stained with GelRed (Biotium) for visualization in
transilluminator.

2.5. Anti-mycoplasma treatment

Cells identified as contaminated with mycoplasma were
treated with BM-Cyclin (Tiamulin-hydrogenfumarat and
Minocyclinhydrochloride) according to the manufacturer’s
instructions (Roche, Mannheim, Germany). The culture
medium was aspirated off and replaced with a new one
containing BM-Cyclin 1 (10 pg/mL). After 3 days of
culture, culture medium plus BM-Cyclin 2 (5 pg/mL) was
replaced. The antibiotic remained in the culture for 4 days.
This cycle was repeated 3 times and the contamination by
mycoplasma checked at the end of each cycle.
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3. Results

3.1. Surveillance of morphological changes in cell
culture

HEp-2 cells are adherent cells and slightly elongated.
Cells in division were easily observed. Vacuoles, cell
debris and nonadherent cells were rarely detected (see
Figure 1A). After contamination by mycoplasma, cells
progressively presented morphological alterations (see
Figure 1B-F). Initially, they became more elongated and
distant from each other. Plasma membrane extensions
markedly appeared, which resembled spicules (see

Figure 1B). These alterations became more pronounced
over the course of a few days and the cell culture
presented cytoplasmic vacuoles, multinucleated masses
and a reduction in the number of adherent cells (see
Figure 1C-E). Finally, the few adherent cells exhibited
fusiform morphology, extensive spicules and absence of
cell proliferation (see Figure 1F). It is also important to
mention that the symptoms of infection within each new
subculture appeared more intensively. In addition to the
morphological modifications, the cells showed a decline
in their growth rate and the culture medium presented
rapid acidification.

Figure 1. Morphological changes in HEp-2 cells contaminated with mycoplasma. Cells were observed under a white light
optic microscope (objective 40x). (A) uncontaminated cells; (B-F) Evolution of morphological changes in contaminated
cells, showing elongated spicules (arrows), vacuoles (arrowhead) and multinucleated mass (region marked by a circle).
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3.2. Diagnosis of mycoplasma contamination

HEp-2 cells were submitted to the diagnosis of
mycoplasma infection using two different methodologies:
fluorescence and PCR (see Figure 2). The samples
subjected to fluorescence were observed through the
fluorochrome DAPI. In these samples, both the cell
nucleus and the membrane showed fluorescence (see
Figure 2A, B). The nucleus fluorescence was more
intense, but the membrane marking was also easily
observed, suggesting the presence of mycoplasma in the
samples. The PCR reaction, using primers specific for
mycoplasma, confirmed our suspicions. Amplification of
the specific 270bp gene fragment was negative for the
cell culture samples in which no morphological change
was observed (see Figure 2C). In samples suspected
of contamination, there was amplification of a band of
270bp corresponding to the presence of genetic material
of mycoplasma.

3.3. Treatment for elimination of mycoplasma
contamination

Treatment of HEp-2 cells with BM-Cyclin antibiotic
started at the first signs of morphological alteration in cell
culture (see Figure 1B). According to the manufacturer’s
recommendations, the cultures were initially treated with
the compound BM-Cyclin 1 and, in the sequence, with the
compound BM-Cyclin 2, thus, closing the cycle. There
were progressive improvements during the cell treatment
cells with BM-Cyclin-1. BM-Cyclin 2 reduced the growth
rate and the morphological enhancements of the cells.
At the end of each cycle, a new PCR test was performed.
Amplification of the 270 bp gene was negative in the third
cycle (see Figure 3A). At that time, cells were also submitted
to fluorescence for observation of genetic material in their
nucleus (see Figure 3B, C). Fluorescence images showed
only the nuclei of the cells stained, without any indication
of genetic material in the cell membrane of the samples.
This result was interpreted as negative for mycoplasma.

() (+)

Figure 2. Detection of mycoplasma contamination in HEp-2 cells. Cell samples were subjected to fluorescent labeling with
DAPI (A, B; objective 40x) and PCR (C) in the presence of specific primers [(-) uncontaminated samples and (+) contaminated
samples]. Strong fluorescent labeling is observed in the membrane of cells (arrowhead).

Treatment cycle

0 L 2 3

_270pb

Figure 3. Elimination of mycoplasma contamination in HEp-2 cells. Cells were submitted to 3 cycles of BM-Cyclin
treatment and evaluated by PCR at the end of each cycle (A). At the end of the treatment, the cells were subjected to

fluorescent labeling with DAPI (B, C; objective 40x).
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4. Discussion

The contamination of cell cultures by mycoplasma
is recognized as one of the most serious and persistent
problems in cell culture, what culminates in a large
source of false and non-reproducible scientific results
(Armstrong et al., 2010; Laborde et al., 2010; Volokhov et al.,
2011). Different cells may present diverse morphological
and physiological signals when infected by mycoplasma
(Niibling et al., 2015). HEp-2 cells are used in a wide
range of biological assays and may be contaminated by
mycoplasma. The knowledge about the morphological
alterations in HEp-2 cells contaminated by mycoplasma
may help researchers at the surveillance and maintenance
of their cell cultures.

Mycoplasmas are bacteria distributed in about
20 species. Most of mycoplasma are extracellular parasites,
with ability to adhere firmly to the membrane of the host
cell. That-may cause changes in cell physiology and
viability, growth rate, metabolism and gene expression
(Niibling et al., 2015). The sources of contamination
by mycoplasma are diverse: cross contamination from
another cell culture, laboratory equipment, contaminated
reagents, fetal bovine serum, cryogenic flasks, culture
medium and experimental animals (Corral-Vazquez et al.,
2017). The researchers themselves may be a source of
mycoplasma contamination since the usual habitat of
these microorganisms are the oral, ocular, respiratory,
urogenital and digestive tract surfaces. Mycoplasmas
are part of the normal microbiota of the respiratory and
genital tracts of most people. HEp-2 cells have their origin
in the tissues of the respiratory tract (larynx), what may
predispose their contamination towards mycoplasma
species. According to the FDA about 15% of all cultures
are contaminated with some type of mycoplasma in the
United States (Razin, 2012). Studies also show high rates
of contamination in laboratories in Europe (25-37%),
Japan (80%), Argentina (65%) and Mexico (88.7%) as
reviewed (Corral-Vazquez et al., 2017). The discrepancy
in the numbers presented may reflect the frequency with
which surveillance and diagnosis for mycoplasma are
performed at these different locations.

Some mycoplasma species are most commonly found
in cell cultures. Mycoplasma arginini and Acholeplasma
laidlawii are bovine species, M.orale and M.fermentans
are human ones, while M.hyorhinis is a porcine one (Barile
and Rottem, 1993). They easily spread from one culture
to another. The impact of mycoplasma contamination on
cultures depend on the specie, the intensity of bacterial
replication as well as the infected cell type (Niibling et al.,
2015). Generally, there is a decline in the nutritional
quality perceived of the culture medium (depletion of
sugars, amino acids and fatty acids and cholesterols)
(Masukagami et al., 2017). Some mycoplasmas may cause
severe cytopathic effect, which can be characterized by
slow growth, atrophied, rounded or degenerated cells
(Netto etal.,2015; Hegde et al., 2016). Genomic analyzes
have revealed that they possess a strict biosynthetic capacity
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which benefits them in the competition for macromolecules
available in the culture medium (Poveda, 1998). That
hinders the cell and leads to physiological collapse, loss of
membrane integrity and other essential cellular functions.
Non-fermenting mycoplasma species utilize the arginine
dehydrolase to generate ATP. Therefore, they rapidly deplete
the arginine pool for the host cell, which affects protein
synthesis and, consequently, cell growth and multiplication
(Schimke, 1967). The process of mycoplasma adhesion
allows the release of enzymes (metabolites) directly into
the cell membrane as reviewed (Persaud, 1999). HEp-2
cells contaminated by mycoplasma show morphological
modifications which illustrate the damage caused in this
cell culture. Progressively, the cells exhibited cytoplasmic
clongation, cell-to-cell spacing, thin projections of the
plasma membrane, cytoplasmic vacuoles, fusion with
neighboring cells, and, finally, cell death.

Several physiologic studies are performed using HEp-2
cells (Caoetal.,2013; Godoi et al., 2014; Niuetal., 2015;
Xiang et al., 2015; Ying et al., 2015). In all biological
events, there are reports of interference in the results due
to the presence of mycoplasma contamination.

Mycoplasmas may alter the course of viral infection
(Kubo et al., 2006), as well as interfere with the antitumor
(Vande Voorde et al., 2014) and antiviral drugs (Singer et al.,
1972), and also have impact on proliferation, migration, and
apoptosis process (Suleman et al., 2016; Shi et al., 2017).
Their presence in cultures is one of the major sources of
inaccurate scientific results, what may lead to difficulties
in reproducing published data, as well as loss of cell stocks
and loss of reagents. They cause, therefore scientific and
economic losses to the laboratories, colleges and society
who could benefit from technological advances described
by reproducible works.

A strict control regarding mycoplasma presence is
recommended nowadays in the following situations: (i) cells
deposited, amplified and commercialized in cell banks;
(ii) extracted products, concentrates and cell derivatives;
and; (iii) all health-related products that have direct or
non- direct contact with cell cultures at some stage of their
production. Among the methods for mycoplasma detection,
there are culture in solid or liquid medium, fluorescence of
genetic material, quantification of enzymatic activity and
polymerase chain reaction (PCR) (Masters and Stacey, 2007).

The culture in solid or liquid medium allows the growth
of aerobic, microaerobic and anaerobic mycoplasmas,
however, it is a method that requires 30 days to obtain
the results. The enzyme activity detection measures the
activity of the enzyme arginine deiminase trymidine.
The method is based on arbitrary units and is not very
sensitive the early stages of infection. The detection of
mycoplasma by fluorescence is premised on the marking
of the microorganism genetic material on the cell surface.
The most commonly used fluorochemicals in these
analyzes are Hoechst 33342 and DAPI, which are two
DNA intercalators (Chen, 1977). Fluorescence is observed
in the cell nucleus and in the plasma membrane when
contamination is positive. The method is not expensive,
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besides being quick (approximately 1-2 days) and easy
to interpret. In the same vein, the use of PCR technique
for the detection of mycoplasma has expanded rapidly
because of its efficiency time-saving (1-2 days) and
sensitivity attributes. The genus-specific primers used are
complementary to the conserved 16S (rRNA) sequence
common to the genera Mycoplasma, Acholeplasma,
Ureaplasma and Spiroplasma. The primers used in this
study were the GPO3 and MGSO primers, complementary
to the V2 and V7 regions, and are in positions 798-3 ‘and
1055-3’ of the DNA (Van Kuppeveld et al., 1992). The PCR
product is a 270pb fragment, easily visualized on a 1%
agarose gel. From our results, HEp-2 cells that showed
morphological alterations compatible with mycoplasma
contamination were submitted to fluorescence and PCR
reactions. The fluorescence images evidenced cell nucleus
and diffuse labeling on the cell membrane, which indicated
apositive result for mycoplasma contamination. The PCR
reaction of these samples was also positive.

The most reliable strategy of eliminating mycoplasma
contamination is the disposal of the contaminated culture as well
as the material/reagent used on it. Since the first descriptions
of mycoplasma contaminations, several methods have been
developed,-including the use of antibiotics like tetracycline,
kanamicin, novobioncin (Uphoffet al., 1992). When culture
disposal is not an alternative, concomitant administration of
some antibiotics drastically reduces contamination. In this work,
we chose to treat the cells with BM-Cyclin reagent which is
a combination of two antibiotics, namely pleuromutilin and
tetracycline derivatives. BM-Cyclin treatment proved to be
efficient in our HEp-2 cell cultures after 3 cycles of treatment.
Ithelped at recovering morphological characteristics of healthy
cells and, as a result, there was no mycoplasma detection
on the fluorescence and PCR assays after the proposed
cycle of treatment. As for the literature, the administration
of BM-Cyclin to different cells shown to be effective, with
low index of resistance and toxicity (Molla Kazemiha et al.,
2009; Mariotti et al., 2012; Uphoffet al., 2012).

5. Conclusion

HEp-2 cells contaminated with mycoplasma showed
several morphological alterations-cytoplasm elongation,
cell-to-cell spacing, thin plasma membrane projections,
cytoplasmic vacuoles, fusion with neighboring cells, and
cell death. The contamination was confirmed through the
use of fluorescence imaging (DAPI) and PCR reactions.
Moreover, it was eliminated by administration of Bm-Cyclin
antibiotic 3-cycles treatment. The cellular aspects described
here are of relevance during the surveillance of cell cultures,
in order to avoid economic and biological losses in basic
and applied research.
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