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Many studies have shown that persistent infections of bacteria promote carcinogenesis and metastasis.
Infectious agents and their products can modulate cancer progression through the induction of host
inflammatory and immune responses. The presence of circulating tumor cells (CTCs) is considered as
an important indicator in the metastatic cascade. We unintentionally produced a monoclonal antibody
(MAb) CA27 against the mycoplasmal p37 protein in mycoplasma-infected cancer cells during the
searching process of novel surface markers of CTCs. Mycoplasma-infected cells were enriched by
CA27-conjugated magnetic beads in the peripheral blood mononuclear cells in patients with hepatocel-
lular carcinoma (HCC) and analyzed by confocal microscopy with anti-CD45 and CA27 antibodies. CD45-
negative and CA27-positive cells were readily detected in three out of seven patients (range 12-30/8.5 ml
blood), indicating that they are mycoplasma-infected circulating epithelial cells. CA27-positive cells had
larger size than CD45-positive hematological lineage cells, high nuclear to cytoplasmic ratios and irreg-
ular nuclear morphology, which identified them as CTCs. The results show for the first time the existence
of mycoplasma-infected CTCs in patients with HCC and suggest a possible correlation between myco-
plasma infection and the development of cancer metastasis.
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1. Introduction

It has been suggested that persistent infections of bacteria can
initiate many cancers [ 1-3]. One class of bacteria that has attracted
increasing attention from oncologists is mycoplasmas. Mycoplas-
mas are the smallest bacteria capable of independent replication.
They are tiny, pleomorphic, wall-free, prokaryotic organisms that
can survive well, either attached to eukaryotic membrane or inside
the cells. Because these bacteria reside well with eukaryotes with-
out producing noticeable symptoms, mycoplasma infection is a

Abbreviations: CTC, circulating tumor cell; MAb, monoclonal antibody; HCC,
hepatocellular carcinoma; EMT, epithelial to mesenchymal transition; PBMC,
peripheral blood mononuclear cell; DAPI, 4,6-diamidino-2-phenylindole; FBS, fetal
bovine serum; FITC, fluorescein isothiocyanate; PI, propidium iodide; RT, room
temperature; HRP, horse radish peroxidase.
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major concern for animal cell cultures. Mycoplasma hyorhinis is
generally considered to be a common bacterial commensal in the
respiratory tract of pigs [4]. M. hyorhinis-encoded protein p37 is
part of a high-affinity transport system and is found in many
mycoplasmas [5]. The mycoplasmal p37 protein was originally
found to promote invasiveness in mouse sarcoma cells [6,7]. Many
studies have indicated that persistent exposure to mycoplasmas
such as M. hyorhinis is closely associated with oncogenic transfor-
mation in human cancers [3,8-10], and have found that the p37
protein alone is sufficient to increase the invasiveness and metas-
tases of cancer cells [11-13].

The number of circulating tumor cells (CTCs) in peripheral
blood is correlated with worse prognosis for metastatic cancer
patients [14-17]. However, the detection of CTCs is a big technical
hurdle due to their rarity in the peripheral blood, and to the ab-
sence of specific markers. Epithelial to mesenchymal transition
(EMT) is a well-recognized mechanism by which adherent
epithelial cancer cells transiently convert into motile and invasive
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mesenchymal cancer cells during cancer metastasis [18,19]. Stud-
ies have suggested that a major portion of CTCs may have a
semi-mesenchymal phenotype because the EMT process is
reversible and transitory [20]. Lung cancer cell line A549 seems
to have a semi-mesenchymal phenotype among many cancer cell
lines because it expresses EMT-associated markers at the interme-
diate level [21,22]. In this study, we generated a panel of monoclo-
nal antibodies (MAbs) against surface molecules on A549 cells to
apply them on searching for CTC-specific surface markers. CA27,
one of the MAbs, bound to A549 and HepG2 cells but not to periph-
eral blood mononuclear cells (PBMCs). We found that the target
antigen of CA27 is the M. hyorhinis p37 protein, and the p37 protein
is detected in CTCs in patients with hepatocellular carcinoma
(HCC). These results represent the first evidence for the presence
of mycoplasma-infected CTCs in patients with HCC.

2. Materials and methods
2.1. Cell culture

Human lung carcinoma cell lines (H358, A549 and H1703) were
purchased from the American Type Culture Collection (ATCC,
Manassas, VA) and maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS) and antibiotic-antimy-
cotic solution (Life Technologies, Seoul, Korea). Mycoplasma-free
control A549 was also purchased from the Korean Cell Line Bank.
Human liver cancer cell line HepG2 and FO myeloma cells were
maintained in DMEM medium supplemented with 10% FBS and
antibiotic-antimycotic solution (Life Technologies).

2.2. Research ethics and patient consent

Human PBMCs were isolated by the Ficoll-Paque Plus method
(GE Healthcare, Seoul, Korea). Peripheral blood samples were ob-
tained in heparin-containing blood collection tubes with informed
consent from patient who underwent curative hepatectomy for
primary HCC in the Department of Surgery, Samsung Medical Cen-
ter (Seoul, Korea). The study protocol was approved by the Institu-
tional Review Board of Samsung Medical Center. Cancer staging by
the American Joint Committee on Cancer (AJCC, 2010) was used.

2.3. Generation, purification and biotinylation of MAbs

Murine MAbs were generated as previously described [23].
Briefly, 2 x 10° cells of H358 and A549 cells were injected into
the hind footpads of 6 female Balb/c mice (DBL, Chungbuk, Korea).
To generate a panel of hybridomas producing MAbs that bind to
A549 cells but not to H358 cells, H358 cells were immunized into
the right hind footpads of mice as decoy immunogen, while A549
cells were immunized into the left hind footpads of the same mice
3 days later as target immunogen. The lymphocyte suspension
from the left popliteal lymph nodes was fused to FO myeloma cells.
Isotype analysis of selected antibodies was carried out by Mouse
Immunoglobulin Isotyping Kit (BD Biosciences, Seoul, Korea),
according to the supplier’s protocol. MAbs were purified from the
culture supernatants of hybridomas by Protein G-Sepharose col-
umn chromatography as described before [23,24]. Biotinylation
of MAbs was carried out with DSB-X-Biotin Protein Labeling Kit
(Life Technologies) according to the supplier’s protocol.

2.4. Flow cytometry

Flow cytometric analysis was performed as described previ-
ously [25]. Briefly, cells were treated with 0.05% trypsin-EDTA
(WellGene, Daegu, Korea) and suspended in PBA (1% bovine serum

albumin (BSA), 0.02% NaNj3 in phosphate buffered saline (PBS), pH
7.4). Cells were then incubated with MAbs or biotinylated MAbs for
30 min at 4 °C and further incubated with fluorescein isothiocya-
nate (FITC)-conjugated anti-mouse IgG (Santa Cruz Biotechnolo-
gies, Santa Cruz, CA). After washing twice with PBA, propidium
iodide (PI)-negative cells were analyzed for the antibody binding
using FACSCalibur and Cell Quest software (BD Biosciences).

2.5. Immunoprecipitation and Western blot

A549 or HepG2 cells were lysed in ice-cold immunoprecipita-
tion buffer (25 mM Tris-HCI, pH 7.5, 250 mM NaCl, 5 mM EDTA,
1% NP-40, 2 pg/ml aprotinin, 100 pg/ml phenylmethanesulfonyl
fluoride, 5 pg/ml leupeptin, 1 mM NaF and 1 mM NaVOs;) at 4 °C
for 30 min. After preclearing with Protein G agarose (Millipore,
Seoul, Korea), cell lysates were incubated with approximately
1 ng of MAbs at 4 °C overnight and were further incubated with
Protein G agarose. The beads were washed with ice-cold immuno-
precipitation buffer, and bound proteins were eluted from the
beads by boiling in SDS-PAGE sample buffer. Precleared and eluted
proteins were resolved by 10% polyacrylamide gel under denatur-
ing conditions and transferred to nitrocellulose membrane. Wes-
tern blotting was performed as described previously [24,26].
Membrane was incubated with rabbit anti-E-cadherin, rabbit
anti-snail, mouse anti-vimentin, mouse anti-slug, anti-hnRNP A2/
B1 (all from Santa Cruz Biotechnology) or purified MAbs for 1 h
at room temperature (RT) and further incubated with horse radish
peroxidase (HRP)-conjugated anti-rabbit or anti-mouse IgG (Santa
Cruz Biotechnology). Antibody binding was visualized with ECL
Western Blotting Detection Reagents (GE Healthcare, Seoul, Korea).

2.6. Mass spectrometry

The protein of interest was enzymatically digested in-gel in a
manner similar to that described previously [27]. The search pro-
gram, ProFound, developed by The Rockefeller University (http://
129.85.19.192/profound_bin/WebProFound.exe), was used for pro-
tein identification by peptide mass fingerprinting [28]. Spectra
were calibrated with trypsin auto-digestion ion peak m/z
(842.510, 2211.1046) as internal standards.

2.7. Isolation of CTCs from peripheral blood of cancer patients

PBMCs were separated from peripheral blood of healthy donor or
patients with HCC by Ficoll-Paque Plus (GE Healthcare) gradient
centrifugation. CTCs were directly stained with fluorescent CA27
and anti-CD45 antibodies in PBMCs without further isolation, or fur-
ther isolated from PBMCs by using Dynabeads FlowComp™ Flexi Kit
(Life Technologies) according to the protocol provided by supplier.
Control experiments were performed in parallel using 100 cells of
A549 cell line spiked in blood from healthy donors. Briefly, PBMCs
were suspended in 500 pl of cold isolation buffer (PBS, pH 7.4,
0.1% BSA and 2 mM EDTA) in microcentrifuge tube and incubated
with 10 pg of biotinlyated CA27 antibody for 30 min at 4 °C with
rolling and tilting. Cells were harvested after addition of 1 ml of cold
isolation buffer. Cells were resuspended in 1 ml of cold isolation buf-
fer and incubated for 15 min at 4 °C with rolling and tilting after
addition of 10 pl (1.5 x 107 beads) of Dynabeads (Life Technologies).
Target cells were collected by placing the tube in a magnet for
2-3 min. The supernatant containing non-target cells was carefully
removed in the magnet, and the bead/cell complexes were cleaned
up by a total of three washes. Cells were then removed from the
magnet by incubation of 1 ml of FlowComp Release Buffer (Life
Technologies) for 10 min at RT with rolling and tilting. The superna-
tant with target cells was carefully transferred to a new tube and put
on the magnet again to remove residual beads. The supernatant with
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target cells was subjected to centrifugation at 600g for 10 min, and
the bead free-cells were resuspended in 200 pl of cold isolation buf-
fer. Isolated cells were finally collected on poly-i-lysine-coated glass
slide by cytospin centrifugation at 300g for 6 min.

2.8. Immunocytochemistry

CTCs on poly-L-lysine-coated glass slide were fixed in 4% para-
formaldehyde for 15 min at RT. Cells were washed, blocked with
blocking solution (10% horse serum, 0.1% BSA in PBS, pH 7.4) and
incubated with CA27 overnight at 4 °C. Antibody-bound cells were
further incubated with Dylight649-conjugated anti-mouse IgG
(Vector Laboratories, Seoul, Korea) and Alexa488-conjugated
CD45 antibody at RT in the dark for 1 h. Between each step cells
were washed with PBS containing Ca?* and Mg?*. Nuclei were
stained with DAPI (4,6-diamidino-2-phenylindole). Fluorescence
signals were detected with a Leica TCS SP5 confocal microscope
(Leica Microsystems, Seoul, Korea).

2.9. Mycoplasma detection

Mycoplasma detection of cultured cells was carried out by
e-Myco™ Mycoplasma PCR Detection Kit (iNtRON Biotechnology,
Seongnam, Korea) according to the protocol provided by supplier.
A mycoplasma-specific PCR primer set that is complementary to
conserved regions of 16S ribosomal RNA genes from 51 myco-
plasma species was used for the detection of mycoplasma infec-
tion. To get rid of mycoplasmas from infected cells, cells were
treated with BM-cyclin (Roche, Seoul, Korea) for 2 weeks according
to the supplier’s protocol.

3. Results and discussion
3.1. Generation of MAb CA27

Studies have suggested that a major population of CTCs under-
goes the EMT process and has a semi-mesenchymal phenotype
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[19,20]. Among lung cancer cell lines H358, A549 and H1703,
A549 seems to have a semi-mesenchymal phenotype because it ex-
presses EMT-associated markers at the intermediate level [21,22].
To find whether A549 cells have intermediate expression levels of
EMT markers such as E-cadherin, vimentin, slug and snail, we com-
pared the expression levels of the EMT markers in 3 cancer cell
lines by Western blot analysis (Supplementary data 1). Mesenchy-
mal markers were strongly expressed in H1703, suggesting that
H1703 cells have a fixed mesenchymal phenotype. The pan-epithe-
lial marker E-cadherin was lower in A549 than in H358, while the
mesenchymal marker vimentin was higher in A549 than in H358.
hnRNP A2/B1 plays a role in EMT in nonepithelial lung cancer cell
lines through the regulation of E-cadherin expression [22]. Expect-
edly, hnRNP A2/B1 expression was only detected in A549 and
H1703. Hence, Western blot analysis suggests that A549 cells have
a semi-mesenchymal phenotype, while H358 cells have an epithe-
lial phenotype. Based on literature and our Western analysis, we
postulate that A549 cells may have a CTC-mimic phenotype. There-
fore, we generated a panel of MAbs recognizing cell surface mole-
cules on A549 cells to apply them on searching for CTC-specific
surface markers by using the decoy immunization strategy [23].
A549 cells were injected into left footpads of mice as target immu-
nogen, while epithelial H358 cells were injected into right footpads
of the same mice 3 day earlier as decoy immunogen. Fusion of left
popliteal lymph node cells to myeloma cells generated 75 hybrid-
omas secreting MAbs specific to A549 but not to H358 (data not
shown). CA27 (IgGs,x), one of the MAbs, bound to A549 and HepG2
but not to H358 and PBMCs (Fig. 1A). Western blot analysis
showed that CA27 recognized an approximately 40 kDa protein
on A549 and HepG2 cells (Fig. 1B).

3.2. CA27 recognizes the mycoplasmal p37 protein

To identify the cell surface antigen recognized by CA27, A549
cell lysate was immunoprecipitated with CA27, and the 40 kDa
protein were excised and subjected to mass spectrometry. Mass
spectrometric analysis of the 40 kDa protein repeatedly identified

PBMC

HepG2

Fig. 1. CA27 recognizes an approximately 40 kDa surface protein on A549 and HepG2 cells. (A) Flow cytometric analysis of H358, A549, HepG2, and PBMCs with CA27. (B)

Western blot analysis of CA27 antigen in H358, A549 and HepG2 cells.
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it as the M. hyorhinis p37 protein from a protein database search
(Fig. 2). The result suggested that A549 cells we used in this study
were infected with M. hyorhinis. The p37 protein is found in at least
11 other species of mycoplasmas, and structural alignments reveal
the similarity of the p37 protein to various p37-like proteins [5]. To
confirm whether CA27 was generated against the mycoplasmal
p37 protein originated from mycoplasma infection, therefore, we
treated A549 cell with the anti-mycoplasma compound BM-cyclin.
When BM-cyclin was added to the A549 cell culture, CA27 antigen
expression was drastically suppressed (Supplementary data 2a and
2b). Mycoplasma DNA was also detected from the A549 culture
(Supplementary data 2c), indicating that the antigen target of
CA27 is the mycoplasmal p37 protein. Expectedly, CA27 expression
was not detected in mycoplasma-free control A549 cells (Supple-
mentary data 2a and 2¢). The mycoplasma DNA was also detected
in HepG2, and removed in BM-cyclin-treated HepG2 cells (Supple-
mentary data 2d). The results indicate that that CA27 recognizes
the mycoplasmal p37 protein in A549 and HepG2 cells we used
in this study.

3.3. Detection of CA27-positive CTCs in the peripheral blood in patients
with HCC

Persistent exposure to mycoplasmas such as M. hyorhinis is clo-
sely associated with oncogenic transformation in human cancers
[3,8-10], and the mycoplasmal p37 protein alone increases the
invasiveness and metastases of cancer cells [11-13]. The previous
studies drove us to study whether the mycoplasmal p37 protein
is involved in CTCs in patient with HCC. To analyze CA27-positive
cells in the peripheral blood in patients with HCC, we investigated
the peripheral blood from 7 patients with HCC (Table 1). PBMCs
from 3 patients and 1 healthy donor were directly analyzed after
cytospin centrifugation. Double fluorescent labeling with CA27
and anti-CD45 antibodies (hematological lineage cell marker)
was performed to detect CTCs in the PBMCs. Confocal microscopic
analysis showed that CA27-positive cells were readily detected in
patient 2, while they were not detected in healthy donor and
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Table 1
Counts of CA27-positive CTCs in patients with HCC.
Patient Primary tumor  Pathologic Total CTCs Isolation
tumor stage (per 8.5 ml)
Control Normal - 0 Direct
#01 HCC pT1 0 Direct
#02 HCC pT2 24 Direct
#03 HCC pT2 0 Direct
#04 HCC pT2 1 Dynabead
#05 HCC pT3a 12 Dynabead
#06 HCC pT2 30 Dynabead
#07 HCC pT2 0 Dynabead
A549 (100 cells) Cell line Spiked 22 Dynabead
A549 (100 cells) Cell line Spiked 26 Dynabead

patient 1 and 3 (red arrowheads in Supplementary data 3). The re-
sult indicates that mycoplasma-infected cells are circulating in the
peripheral blood in patient 2 with HCC. However, it was difficult to
dissect CTCs by the direct staining method because of excessive
numbers of PBMCs.

To further enrich CA27-positive cells from PBMCs, CA27-positive
cells were isolated from PBMCs in four patients by CA27-
conjugated magnetic beads. Control experiments were performed
in parallel using 100 cells of A549 cell line spiked in blood from
healthy donors. The number of isolated A549 cells was ranged from
22 to 26, indicating that isolation efficiency by CA27-conjugated
magnetic beads is approximately 24% (Table 1). Confocal micro-
scopic analysis was able to detect CA27-positive cells in 2 patients
with HCC (range 12-30/8.5 ml blood) after the isolation of cells by
CA27-conjugated-magnetic beads (Table 1, Fig. 3). Some
CD45-positive cells were also detected (green arrowheads in
Fig. 3), suggesting that the isolation procedure does not remove
all hematological lineage cells. Some residual magnetic beads were
also detected (black arrowheads and small DAPI spots in Fig. 3). All
CA27-positive cells were CD45-negative (red arrowheads in Fig. 3),
indicating that they are mycoplasma-infected circulating epithelial
cells. When CA27-positive nuclei were morphocytologically

1.2e-08

High affinity transport system protein p37 precursor

Matching peptide

Start-end Observed Mr (expt) Mr (calc) Delta Miss Sequence
32-44 1505.6655 1504.6582 1504.6794 -0.0212 0 K.QEDVSVSQGQWDK.S
45-57 1451.7216 1450.7144 1450.7456 -0.0313 0 K.SITFGVSEAWLNK.K
67-78 1481.7646 1480.7573 1480.7926 -0.0353 1 K.EVINTFLENFKK.E
100-129 3172.6745 3171.6672 3171.5936 0.0736 0 K.VTPIQDSTVLLNNLSTDNPELDFGINASGK.L
130-135 748.2812 747.2739 747.4531 -0.1792 0 K.LVEFLK.N
136-158 2536.2679 2535.2607 2535.2857 -0.0250 1 K.NNPGIITPALETTTNSFVEFDKEK.D
181-196 1936.9060 1935.8988 1935.9003 -0.0015 0 K.IFVETPYASWTDENHK.W
234-244 1452.6473 1451.6400 1451.6582 -0.0182 1 K.AWNDKDWNTFR.N
245-252 885.3870 884.3797 884.4868 -0.1072 0 R.NFGILHGK.D
259-267 1120.6031 1119.5958 1119.6539 -0.0581 1 K.FKLEETILK.N
274-281 995.3959 994.3887 994.4720 -0.0833 0 K.FTTLNEDR.S
292-318 2996.3563 2995.3490 2995.3624 -0.0134 0 K.SADTLGTLDDFHIAFSEEGSFAWTHNK.S
351-369 2172.1669 2171.1596 2171.1950 -0.0354 0 K.SVNQLEQNLIVQTFINLAK.N
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Fig. 2. Mass spectrometric identification of CA27 antigen after immunoprecipitation with CA27. The 40 kDa band from A549 lysate was excised from-SDS-PAGE gels and
treated with trypsin, and resulting peptides were analyzed by MALDI peptide mass fingerprinting. Peaks were searched against the NCBInr database. 13 tryptic peptides (177
amino acids, underlined) originating from the 40 kDa protein matched the M. hyorhinis p37 protein.
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examined by using bright field and DAPI-stained images,
CA27-positive cells had larger size than CD45-positive hematolog-
ical lineage cells. CA27-positive cells also had high nuclear to cyto-
plasmic ratios and irregular nuclear morphology, which are CTC
characteristics [29]. The results indicate that CA27-positive and
CD45-negative cells are CTCs.

This report describes the generation of MAb CA27 against the
mycoplasmal p37 protein that led to the unintended finding about
the presence of mycoplasma-infected CTCs in patients with HCC.
Previous studies have shown that chronic mycoplasma infections
are closely associated with oncogenic transformation in many hu-
man cancers [3,8-10]. Researchers have thought that mycoplasma
invades cancer tissues after the disease has started. However, con-
tinuous infection of mycoplasma can lead to transformation of
mammalian cells, up-regulating expression of oncogenes, and
some biologic changes of tumor cells, suggesting close association
of mycoplasma infection with tumorigenesis [10,30]. Furthermore,
recent studies have shown that the mycoplasmal p37 protein alone
increases the invasiveness and metastasis of cancer cells [11-13],
suggesting that mycoplasma infection and its products can pro-
mote cancer metastasis. Many researchers still do not believe that
mycoplasma infection itself is a direct cause of tumorigenesis and
metastasis in the cancer patients. Instead, they prefer to believe
that mycoplasma infection may play a potential exacerbating role

CA27
DAPI

Fig. 3. Confocal microscopic analysis of CTCs detected in a patient with HCC. CA27-postive CTCs were enriched using CA27-conjugated magnetic beads and stained with CA27
(red arrowheads) and anti-CD45 antibodies (green arrowheads). Residual magnetic beads are also shown and nonspecifically stained with DAPI (black arrowheads). Nuclei
were stained with DAPI. Two different images (A, B) from patient #06 are shown. Bright field images (BF) are also shown. The scale bar is 7.5 pm. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

in tumorigenesis and metastasis. Thus, the exact correlation be-
tween mycoplasma infection and cancer metastasis has still re-
mained elusive.

Mycoplasma infection was reported in many cancer tissues
such as gastric, colon, esophageal, lung, breast, glioma, renal
and prostate carcinomas [8-10,12]. However, no study has been
reported about the presence of mycoplasma infection in hepato-
cellular carcinoma. The present study is the first report about
mycoplasma infection in the peripheral circulating epithelial cells
in patients with HCC. Although a latest study found antibodies
against the M. hyorhinis p37 protein in the serum of men with
newly diagnosed prostate cancer [31], mycoplasma-infected cir-
culating epithelial cells have not been reported yet. In this study,
we could detect mycoplasma-infected CTCs in the peripheral
blood in patients with HCC. Our results do not disclose the rela-
tionship between mycoplasma infection and cancer progression.
However, the presence of mycoplasma-infected CTCs suggests
that mycoplasma infection may accelerate cancer metastasis in
patients with HCC, because the detection of CTCs is considered
as an important indicator in the metastatic cascade. Thus, the
present study provides a potential connection between myco-
plasma infections and the progression of cancer. Further investi-
gation in a larger cohort of HCC patients could verify its clinical
relevance.
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