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CT Screening before Treatment of Latent Tuberculous
Infection for the Diagnosis of Clinical TB among Contacts

Kenji Nishii* !, Akihiko Tamaoki * ', Tsuyoshi Kodani **, Toshitsugu Miyake *'
Ritsuko Asakura*, Takeyuki Numata*', Yoshiaki Moritani **, Kouji Miyagi **

*! Okayama Health Foundation Hospital
*? Akaiwa Ishikai Hospital, department of surgery

Abstract

Until now, patient suspected of having latent tuberculosis infection has chest X-ray examination to exclude
clinical tuberculosis. But we sometimes misdiagnosed clinical tuberculosis as latent tuberculosis by chest
X-ray only. Recently, some reports have pointed out that CT scan can detect early clinical tuberculosis in
incorrect latent tuberculosis by chest X-ray. Therefore, to evaluate the value of CT screening for the detection
of clinical tuberculous diseases among persons who are suspected to be infected at the contact examination,
we performed CT screening on QuantiFERON-TB-2G (QFT) positive participants in hospital tuberculosis
infection.

A 90-year-old man of tuberculosis had been in the A hospital from Oct. through Nov., who was
misdiagnosed with pneumonia. After the correct diagnosis, contact examination of tuberculosis was performed
to 31 participants suspected of transmission. All of them were with normal chest X-rays findings. And 5 cases
among 31 participants with a positive QFT test had CT screening, and one patient having clinical tuberculosis
was found. In indeterminant case, one nurse of tuberculosis was detected by CT scan. These patients of
tuberculosis received standard chemotherapy, and cured.

In the result, CT screening should be considered for the detection of clinical tuberculosis cases among
contacts.

Key words: CT, Clinical TB, QuantiFERON-TB-2G, Latent tuberculous infection
J Thorac CT Screen 2010;17:145-149
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MAPK phosphatase-7 (MKP-7) was identified as a JNK-specific phosphatase. However, despite its high
specificity for JNK, MKP-7 interacts also with ERK. We previously showed that as a physiological conse-
quence of their interaction, activated ERK phosphorylates MKP-7 at Ser-446, and stabilizing MKP-7. In the
present study, we analyzed MKP-7 function in activation of ERK. A time-course experiment showed that
both MKP-7 and its dead mutant p: it duced ERK ylation, sug-
gesting that MKP-7 functions as a scaffold for ERK. An important immunohistological finding was that
nuclear translocation of phospho-ERK following PMA stimulation was blocked by co-expressed MKP-7
and, moreover, that phospho-ERK co-localized with MKP-7 in the cytoplasm. Reporter gene analysis indi-
cated that MKP-7 blocks ERK-mediated transcription. Overall, our data indicate that MKP-7 down-regu-

Anchor protein

lates ERK-dependent gene expression by blocking nuclear accumulation of phospho-ERK.

© 2010 Elsevier Inc. All rights reserved.

Introduction

Cells often respond to environmental cues and physiological
stimuli—such as growth factors, hormones, cytokines, and stress
such as osmotic shock, radiation, and ischemic injury—by activat-
ing mitogen-activated protein kinases (MAPKs) [1]. Five MAPK
pathways have been identified in eukaryotic cells, three of which
are relatively well characterized: the extracellular signal-regulated
kinase (ERK) pathway, the c-Jun amino-terminal kinase (JNK) path-
way, and the p38 pathway. MAPKK is a dual-specificity protein ki-
nase that phosphorylates tyrosine and threonine residues in a TXY
motif of MAPK, leading to full MAPK activation. In general, activa-
tion of the ERK cascade leads to cell proliferation, differentiation, or

Abbreviations: MAP, mitogen-activated protein; ERK, extracellular signal-regu-
lated kinase; JNK, c-Jun N-terminal kinase; MEK, MAP kinase/ERK kinase; DSP, dual-
specificity phosphatase; MKP, MAP kinase phosphatase; HA, hemagglutinin; PBS,
phosphate-buffered saline; PMA, 12-O-tetradecanoylphorbol-13-acetate; EGF, epi-
dermal growth factor; FBS, fetal bovine serum; CTS, COOH-terminal stretch; RSK1,
P90 ribosomal S6 kinase 1; SRE, serum responsive element; Luc, luciferase

* Corresponding author. Address: Division of Cancer Chemotherapy, Miyagi
Cancer Center Research Institute, 47-1 Nodayama, Medeshima-Shiode, Natori 981-
1293, Japan. Fax: +81 22 381 1196.

E-mail address: shima-hi632@pref.miyagi.jp (H. Shima).

7 Present address: Department of Cancer and Cell Biology, Metabolic Diseases
Institute, University of Cincinnati, Cincinnati, OH 45237, USA.

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
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enhanced cell survival after cellular stress. However, activation of
the JNK and p38 cascades is usually associated with enhanced
apoptosis and production of inflammatory cytokines [2].

ERK pathway components must be tightly controlled in terms of
both signal duration and subcellular localization. These responses
are regulated via ERK-dependent phosphorylation of cytoplasmic
proteins such as p90 ribosomal S6 kinase 1 (RSK1) and several nu-
clear proteins including the transcription factor Elk-1 [3]. ERK1/2
are distributed throughout the cytoplasm of quiescent cells, but
upon stimulation, a significant population of ERK1/2 accumulates
in the nucleus [4]. While the mechanism involved in nuclear accu-
mulation of ERK1/2 remains elusive, nuclear retention, dimeriza-
tion, phosphorylation, and release from cytoplasmic anchors have
been shown to play a role [4].

MAPK phosphatases (MKPs) are dual-specificity protein phos-
phatases that down-regulate MAPK activity by dephosphorylating
the TXY motif [5]. To date, 10 MKPs have been reported in mam-
malian cells, and they are precisely regulated in their substrate
specificity to avoid inappropriate MAPK inactivation [5]. MKPs
are primarily composed of two domains, a rhodanese-like domain
and a dual-specificity phosphatase catalytic domain. By phyloge-
netic analysis, MKPs are classified into three subgroups [6]. Sub-
group | contains the nuclear MKPs: MKP-1/DUSP1, PAC1/DUSP2,
MKP-2/DUSP4, and VH3/DUSP5, which target the three primary
MAPKs—ERK, JNK and p38. Subgroup II includes cytoplasmic
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MKPs: MKP-3/DUSP6, PYST2/DUSP7 and MKP-4/DUSP9, which
mainly target ERK, and MKP-5/DUSP10, which targets JNK and
p38. Subgroup III consists of the nuclear and cytoplasmic MKPs,
MKP-7/DUSP16 and VH5/DUSPS8, both of which mainly dephos-
phorylate JNK.

MKP-7, a JNK-specific phosphatase, exhibits a unique COOH-
terminal stretch (CTS) in addition to the MKP common structure
[7.8]. Previously, we demonstrated that MKP-7 binds ERK2 as well
as JNK1, despite its high specificity towards JNK1 as a substrate [7].
This observation suggested an unidentified function underlying
interaction of MKP-7 with ERK2. We then found that the MKP-7
CTS domain is bound by ERK, and that activated ERK phosphory-
lates Ser-446 in the CTS, stabilizating MKP-7 [9,10].These results
indicate that activation of the ERK pathway strongly blocks JNK
activation by phosphorylation-mediated stabilization of MKP-7.
Here, we asked whether MKP-7 regulates the ERK pathway by
interacting ERK proteins. Time-course analysis of ERK activation
showed that MKP-7 induced enhanced and prolonged ERK phos-
phorylation, suggesting a scaffold function. Immunological analy-
ses showed that phospho-ERK2 co-localizes with MKP-7 and
accumulates in the cytoplasm. These observations reveal a novel
role for MKP-7 as a cytoplasmic anchor protein that prevents nu-
clear targeting of phospho-ERK.

Materials and methods

Expression vectors. pFLAG-MKP-7, pFLAG-MKP-7CS (C244S) and
PFLAG-MKP-2 have been described [7,10]. To construct pCX4-bleo-
RSK1, full length human RSK1 cDNA was amplified by PCR from a
cDNA library prepared with mRNA of human fibroblast MRC5, and
subcloned into EcoRI site of pCX4-bleo [11]. pCMV-b-galactosidase
has been described [12], pSRE-Luc and pAP-1-Luc were from Strat-
agene (Garden Grove, CA, USA) and pSRa-HA-ERK2 was a gift from
Dr. M. Karin (University of California, San Diego).

Cell culture, DNA transfection and stimulation. HeLa and COS-7 cells
were maintained in Dulbecco’s modified Eagle's medium (DMEM)
containing 10% fetal bovine serum (FBS) at 37 °C under 5% CO,. Cells
were co-transfected with various pFLAG-MKP-7 expression vectors
together with pSRa.-HA-ERK2. For transient assays, cells were trans-
fected using the Fugene-6 transfection reagent (Roche Diagnostics
Inc., Manheim, Germany) according to the manufacturer’s recom-
mendation. Eighteen hours later, cells were starved 18 h and then
exposed to 100 ng/ml human EGF (Sigma Chemical Co, St. Louis,
MO, USA) or 10 ng/ml PMA (Sigma) for indicated times. For 10 uM
U0126 treatment (Promega, Madison, WI, USA), transfected cells
were exposed to the compound for 1 h before stimulation.

Detection of expressed proteins. Preparation of cell lysates was de-
scribed previously [7]. Each sample was separated by a SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE) on 7.5% or 10% gels
and transferred to a nitrocellulose membrane. Expression levels of
HA-tagged ERK and FLAG-tagged MKPs were monitored using anti-
HA (12CA5)(Roche) and anti-FLAG M2 (Sigma) monoclonal antibod-
ies, respectively. ERK2 activation was monitored by an anti-phos-
pho-ERK1/2 antibody (Thr202/Tyr204) (Cell Signaling Technology
Inc., Danvers, MA, USA). The amount and activation of RSK1 were
monitored using anti-RSK (BD, Franklin Lakes, NJ, USA) and anti-
phospho-p90RSK (Thr-359/Ser-363) (Cell Signaling) antibodies,
respectively. Signals were detected by enhanced chemilumines-
cence using the ECL reagent (Amersham Pharmacia Biotech, Piscat-
away, NJ, USA).

Cell staining. HeLa cells on coverslips coated with VITROGEN 100
(Collagen Biochemical, Palo Alto, CA, USA) were co-transfected
with various pFLAG-MKP-7 expression vectors together with
pSRa-HA-ERK2. Transfected cells were fixed in PBS containing
3.7% formaldehyde for 10 min and then permeabilized with PBS
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containing 0.5% Triton X-100 for 5 min. After incubation in PBS
containing 3% BSA (PBS-B) for 2h, cells were incubated with
anti-FLAG M2 antibody or anti-FLAG polyclonal antibody (provided
from Dr. K. Yamashita, Kanazawa University) to detect FLAG-
tagged proteins and with anti-HA antibody to detect HA-tagged
proteins in PBS-B overnight at 4 °C. After three PBS washes, cells
were incubated for 20 min at 37 °C with Cy3-conjugated goat
anti-mouse IgG +IgM (H +L) antibody (CHEMICON International,
Temecula, CA, USA), AlexaFluor 488-conjugated goat anti-mouse
1gG (H +L) antibody (Molecular Probes, Eugene, OR, USA), Alexa-
Fluor 488-conjugated goat anti-rabbit IgG (H+L) (Molecular
Probes), or AlexaFluor 546-conjugated goat anti-rabbit IgG (H + L)
(Molecular Probes) in PBS-B. After three PBS washes, coverslips
were mounted with PBS containing 90% glycerol. Fluorescence
was visualized using a fluorescence microscope.

Reporter analysis. HEK293 cells were transfected with pSRE-Luc
or pAP-1-Luc together with pCMV-b-galactosidase and MKP
expression vectors. Eighteen hours later, cells were serum-starved
for 12 h, and then treated with 10 ng/ml PMA. Six hours later, cells
were harvested and washed with PBS (—) twice and then lysed
with LCb lysis buffer (Toyo Ink, Tokyo, Japan). Cell lysates were ob-
tained by one freeze-thaw treatment and centrifuged. Luciferase
activity in lysates was measured with Picagene (Toyo ink) using
MicroLumat Plus LB96 V (Belthold, Bad Wildbad, Germany). Lucif-
erase activities were normalized to activity of co-expressed b-
galactosidase, which was assayed as described [12].

Results

MKP-7 induces enhanced and prolonged EGF-stimulated ERK
phosphorylation

We compared the time-course of EGF-stimulated ERK in the
presence of MKP-7 in COS-7 cells. (Fig. 1A). Phosphorylation levels
of HA-ERK2 reached maximal levels 15 min after EGF stimulation,
and decreased to basal levels by 60 min (Fig. 1A). However, inter-
estingly, when FLAG-MKP-7 was co-expressed, we observed en-
hanced and prolonged phosphorylation of HA-ERK2 (Fig. 1A). By
contrast, as shown in Fig. 1B, co-expression of MKP-2 completely
suppressed ERK activation until 90 min after EGF treatment. These
results indicate that FLAG-MKP-7, a JNK-specific phosphatase, up-
regulates ERK phosphorylation.

MKP-7 catalytic activity is not required to induce enhanced and
prolonged ERK phosphorylation

To determine whether MKP-7 phosphatase activity is required
to induce enhanced and prolonged ERK phosphorylation, COS-7
cells were co-transfected with pSRo-HA-ERK2 together with
PFLAG-CMV2, pFLAG-MKP-7 or pFLAG-MKP-7CS, which lacks
phosphatase activity (Fig. 1C). Following EGF treatment, transfec-
ted cells were incubated for the indicated times, and phosphoryla-
tion levels of HA-ERK2 were examined. As shown in Fig. 1C,
phosphorylation levels of HA-ERK2 after EGF stimulation were
up-regulated in the presence of both MKP-7 and MKP-7CS. A sim-
ilar effect was also seen following PMA stimulation (data not
shown). These data show that MKP-7 enhances and prolongs
PMA- or EGF-stimulated ERK phosphorylation, and that this effect
does not require enzyme activity of MKP-7.

MKP-7 anchors phosphorylated ERK in the cytoplasm
Following mitogenic stimulation, ERK1/2 is phosphorylated,

dimerizes, translocates to the nucleus, and returns to the cytoplasm
when it is dephosphorylated [4]. To determine how MKP-7 induces
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Fig. 1. MKP-7 induces enhanced and prolonged EGF-stimulated ERK phosphorylation. COS-7 cells were transfected with 1.2 pg of pFLAG-MKP-7 or pFLAG-CMV?2 together
with 0.6 pg of pSRo-HA-ERK2 (A). COS-7 cells were transfected with 1.2 pg of pFLAG-MKP-2 or pFLAG-CMV2 together with 0.6 pg of pSRa-HA-ERK2 (B). COS-7 cells were co-
transfected with 0.6 pg of pSRa-HA-ERK2 together with 1.2 ug pFLAG-CMV2, pFLAG-MKP-7, or pFLAG-MKP-7CS (C). Eighteen hours later, cells were starved for 18 h and
stimulated with 100 ng/ml EGF for indicated periods. Expressed proteins were separated on 7.5% SDS-PAGE and analyzed by immunoblot using anti-phospho-ERK1/2, anti-
HA and anti-FLAG antibodies, respectively. Data represent three independent experiments.

up-regulated ERK phosphorylation in cells, we asked whether MKP-
7 functions in ERK localization by analyzing time-dependent subcel-
lular distribution of HA-ERK2 in the absence (Fig. 2A) or presence
(Fig. 2B) of FLAG-MKP-7. Immunostaining with anti-HA antibody
showed that HA-ERK2 was localized in the cytoplasm (at 0 min), in
both the cytoplasm and nucleus (at 10 min), primarily in the nucleus
(at 30 min), and in the cytoplasm and nucleus (at 60 min) after PMA
treatment (Fig. 2A, middle). Analysis of immunostaining with an
anti-phospho-ERK1/2 antibody showed that phosphorylated HA-
ERK2 was only nuclear (Fig. 2A, left). In a striking contrast, when
FLAG-MKP-7 was co-expressed, HA-ERK2 was detected only in the
cytoplasm, even after PMA stimulation, and HA-ERK2 localization
was almost identical to that of FLAG-MKP-7 (Fig. 2B, right). Note that
in FLAG-MKP-7 expressing cells phosphorylated HA-ERK2 was not
detected in the nucleus but instead co-localized with cytoplasmic
FLAG-MKP-7 (Fig. 2C). In cells in which FLAG-MKP-7 was not co-ex-
pressed, endogenous phospho-ERK1/2 was detected in the nucleus
(Fig. 2C). These data strongly suggest that MKP-7 functions to anchor
phospho-ERK1/2 in the cytoplasm and prevent its nuclear
accumulation.

MKP-7 does not enhance ERK-dependent RSK1 phosphorylation

When FLAG-MKP-7 was co-expressed, phospho-HA-ERK2 accu-
mulated in the cytoplasm; thus it was possible that ERK substrates

in the cytoplasm are highly phosphorylated. We examined this
possibility by comparing phosphorylation levels of Thr-359 and
Ser-363 of RSK1, a cytoplasmic ERK substrate, in the presence
and absence of FLAG-MKP-7. As shown in Fig. 3, sustained HA-
ERK2 phosphorylation was detected in FLAG-MKP-7-expressing
cells, while enhanced RSK1 phosphorylation at Thr-359 and Ser-
363 was not observed. Under the same conditions, the MEK inhib-
itor U0126 completely suppressed RSK1 phosphorylation (data not
shown). These data suggest that, when bound to MKP-7, phospho-
ERK does not phosphorylate RSK1 as non-bound phospho-ERK
does.

MKP-7 prevents ERK-dependent transcriptional activation

The effect of MKP-7 on JNK- and ERK-dependent transcriptional
regulation was analyzed using AP-1- and SRE- driven luciferase re-
porter constructs (Fig. 4). MKP-2, which similarly dephosphoryl-
ates ERK, JNK and p38, inhibited SRE- and AP-1-dependent
transcription almost completely. MKP-7 completely inhibited AP-
1-dependent gene transcription as expected (Fig. 4A), since MKP-
7 efficiently and specifically dephosphorylates JNK [7]. It is note-
worthy that MKP-7 suppressed SRE-dependent transcription by
79%, an effect comparable to suppression seen following treatment
with 10 pM U0126, a MEK inhibitor (Fig. 4B). Similar inhibition of
SRE-dependent transcription was obtained using MKP-7CS
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Fig. 3. MKP-7 does not enhance ERK-dependent RSK1 phosphorylation. COS-7 cells
were co-transfected with 1.0 pg of either pFLAG-CMV2 or pFLAG-MKP-7 together
with 0.5 pg each of pSRa-HA-ERK2 and pCX4-bleo-RSK1. Transfected cells were
cultured for 18 h, serum-starved for 18 h, and then treated with 10 ng/ml PMA for
indicated time. Phosphorylation and expression levels of RSK1 were detected by
anti-phospho-p90RSK (Thr-359/Ser-363) and anti-RSK antibody, respectively.
Expression and phosphorylation levels of HA-MAPKs were monitored using anti-
HA and anti-phospho-ERK antibodies, respectively. Expression of FLAG-MKP-7 was
monitored by anti-FLAG antibody. Data represent three independent experiments.

(Fig. 4B). These results show that MKP-7 down-regulates ERK-
dependent transcription and overall support the idea that MKP-7
blocks nuclear accumulation of phospho-ERK.

Discussion

In the present study, we found that MKP-7 and a phosphatase-
dead mutant form of the protein induced enhanced and prolonged

mitogen-stimulated ERK phophorylation. Immunohistological
analysis showed that MKP-7 functions as cytoplasmic anchor for
ERK, and importantly that phospho-ERK accumulates in the cyto-
plasm in the presence of MKP-7. We also analyzed the physiologi-
cal consequence of blocking nuclear translocation of phospho-ERK.
Despite enhanced levels of phospho-ERK, phosphorylation of RSK, a
cytoplasmic target, was not enhanced. Importantly, MKP-7 sup-
pressed SRE-driven gene expression to the same level as did treat-
ment with U0126. These observations indicate that MKP-7 inhibits
ERK-dependent gene expression by preventing nuclear transloca-
tion of phospho-ERK and preventing phospho-ERK from further
phosphorylation of RSK1.

Recently, other protein phosphatases have been shown to regu-
late MAPK localization. Phosphotyrosine phosphatases such as
PTP-SL [13], STEP [14] and He-PTP [15] retain ERK in a dephospho-
rylated form in the cytoplasm by association through the KIM do-
main and by tyrosine dephosphorylation. MKP-3/DUSP6 was
shown to function in cytoplasmic retention of dephosphorylated
ERK2 [16]. hVH3/DUSP5 was recently identified as both a phospha-
tase and nuclear anchor for ERKs [17]. We previously reported that
MKP-7 dephosphorylates JNK and localizes it in the cytoplasm in a
diffuse cellular distribution [7). Therefore it is likely that these
MAPK phosphatases also function to dephosphorylate and regulate
respective MAPKs. By contrast, MKP-7 functions as an anchor pro-
tein for ERK rather than a phosphatase, because it retained phos-
pho-ERK2 in the cytoplasm without dephosphorylating it.

Two proteins, PEA-15, and SEF, have been identified as cytoplas-
mic anchors for ERK2 [18,19]. Both can retain ERK2 in the cyto-
plasm in the active state, indicating that they may act to restrict
ERK?2 activity to cytoplasmic targets. By contrast, our data indicates
that MKP-7 accumulates phospho-ERK in the cytopl but does
not lead to enhanced RSK1 phosphorylation. Therefore, MKP-7
interaction might inhibit ERK activation or MKP-7 may occupy
the ERK substrate recognition site. As shown here, MKP-7 induced
enhanced and prolonged phosphorylation of ERK, and that pro-
longed phosphorylation was coupled with cytoplasmic scaffold
activity as shown in Fig. 2. Since PEA-15 also reportedly induces
prolonged ERK phosphorylation, this activity may be a common
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Fig. 4. MKP-7 inhibits transactivation of SRE through the ERK signaling pathway. HEK293 cells in 35-mm dishes were co-transfected with 0.45 pg pAP-1-Luc (A) or pSRE-Luc
(B) together with 0.2 pg pRSV-lacZ with or without 0.9 pg MKP expression vectors. Eighteen hours later, cells were serum-starved for 12 h and then treated with or without
10 ng/ml PMA. Six hours after stimulation, cell lysates were obtained. For U0126 treatment, cells were exposed to drug for 1 h before stimulation. White bars represent
luciferase activity compared to cells without PMA treatment (black bars). Data are means from three independent experiments.
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characteristic of ERK cytoplasmic scaffold proteins [18]. It is likely
that cytoplasmic retention prevents phospho-ERK from dephos-
phorylation by nuclear phosphatases, such as MKP-1 and MKP-2.

The data presented here is the first demonstration that MKP-7, a
JNK phosphatase, plays a specific and negative role in ERK-depen-
dent gene expression. Previously, we showed regulation of MKP-7
by post-translational modification: in quiescent cells MKP-7 levels
remained low due to rapid turnover by ubiquitin-mediated proteol-
ysis, butmi timulation activated ERK and phosphorylated Ser-
446 of MKP-7, stabilizing the protein [10]. Together with the present
data, itislikely that upon stimulation with mitogen, MKP-7 accumu-
lates and strongly suppresses ERK-dependent gene expression,
which may lead to negative feedback by newly expressed MKP-1, -
2 and -3, all of which are early response gene products.

MKP-7 has been mapped to 12p12, an area prone to deletions in

i acute | blastic leukemnia and several solid neo-
plasms [20]. Clinical studies also demonstrate a high incidence of
hemizygosity and low-expression of MKP-7 in lymphoblastic leu-
kemia and prostate cancer [21,22]. Our data demonstrating that
MKP-7 suppresses not only JNK but also the ERK cascade suggests
that down-regulation of MKP-7 gene expression in cells may be
critical for initiation or progression of some tumors.

Conclusion

Several lines of evidence presented here strongly suggest that
MKP-7, a JNK phosphatase, inhibits ERK-dependent gene expres-
sion by blocking nuclear accumulation of phospho-ERK2. To our
knowledge, this is the first demonstration that an MKP protein
functions as an anchor protein rather than a phosphatase.

Acknowledgments

We thank Dr. K. Yamashita (Kanazawa University) for anti-FLAG
antibody. We thank Dr. ). Magae (Institute of Research and Innova-
tion, Kashiwa, Japan) and N.H. Heintz (University of Vermont, Bur-
lington, VT) for providing us with pCMV-b-galactosidase. We thank
Dr. M. Karin (University of California, San Diego) for pSRa-HA-
ERK2. Thanks are also due to N. Sasaki for secretarial assistance.
This work was supported in part by grants-in-aid for Scientific Re-
search (B) provided by the Japan Society for the Promotion of Sci-
ence (to H.S. and M.S.).

References

L Chang, M. Karin, Mammalian MAP kinase signalling cascades, Nature 410
2001

2] T Wada. ]M Penninger, Mitogen-activated protein kinases in apoptosis
regulation, Oncogene 23 (2004) 2838-2849.

186

(3] LO. Murphy. ). Blenis, MAPK signal specificity: the right place at the right time,
Trends Biochem. Sci. 31 (2006) 268-275.

(4] M. Ebisuya, K. Kondoh, E. Nishida, The duration, magnitude and
compartmentalization of ERK MAP kinase activity: mechanisms for providing
signaling specificity, J. Cell Sci. 118 (2005) 2997-3002.

(5] D.M. Owens, S.M. Keyse, Differential regulation of MAP kinase signalling by
dual-specificity protein phosphatases, Oncogene 26 (2007) 3203-3213.

[6] A. Theodosiou, A. Ashworth, MAP kinase phosphatases, Genome Biol. 3 (2002)
3009.1-3009.10.

(7] K. Masuda, H. Shima, M. Watanabe, K. Kikuchi, MKP-7, a novel mitogen-
activated protein kinase phosphatase, functions as a shuttle protein, ]. Biol.
Chem. 276 (2001) 39002-39011.

(8] T.Tanoue, T. Yamamoto, R. Maeda, E. Nishida, Novel MAPK phosphatase MKP-7
acts preferentially on JNK/SAPK and p38 alpha and beta MAPKSs, J. Biol. Chem.
276 (2001) 26629-26639.

[9] K. Masuda, H. Shima, C. Katagiri, K. Kikuchi, Activation of ERK induces
phosphorylation of MAPK phosphatase-7, a JNK specific phosphatase, at Ser-
446, ). Biol. Chem. 278 (2003) 32448-32456.

[10] C. Katagiri, K. Masuda, T. Urano, K. Yamashita, Y. Araki, K. Kikuchi, H. Shima,
Phosphorylation of Ser-446 determines stability of MKP-7, J. Biol. Chem. 280
(2005) 14716-14722.

[11] T. Akagi, K. Sasai, H. Hanafusa, Refractory nature of normal human diploid
fibroblasts with respect to oncogene-mediated transformation, Proc. Natl.
Acad. Sci. USA 100 (2003) 13567-13572.

[12] T. Koda, S. Hasan, A. Sasaki, Y. Arimura, M. Kakinuma, Regulatory sequences
required for hst-1 expression in embryonal carcinoma cells, FEBS Lett. 342
(1994) 71-75.

[13] A. Zuniga, J. Torres, J. Ubeda, R. Pulido, Interaction of mitogen-activated protein
kinases with the kinase interaction motif of the tyrosine phosphatase PTP-SL
provides substrate specificity and retains ERK2 in the cytoplasm, J. Biol. Chem.
274 (1999) 21900-21907.

[14] R. Pulido, A. Zuniga, A. Ullrich, PTP-SL and STEP protein tyrosine phosphatases
regulate the activation of the extracellular signal-regulated kinases ERK1 and
ERK2 by association through a kinase interaction motif, EMBO J. 17 (1998)
7337-7350.

[15] }JJ. Murioz, C. Blanco-Aparicio, R. Pulido, Differential interaction of the
tyrosine phosphatases PTP-SL, STEP and HePTP with the mitogen-activated
protein kinases ERK1/2 and p38alpha is determined by a kinase specificity
sequence and influenced by reducing agents, Biochem. ). 15 (2003) 193-

[16] M Karlsson J. Mathers, RJ. Dickinson, M. Mandl, S.M. Keyse, Both nuclear-

cytoplasmic shuttling of the dual specificity phosphatase MKP-3 and its ability

to anchor MAP kinase in the cytoplasm are mediated by a conserved nuclear

export signal, J. Biol. Chem. 279 (2004) 41882-41891.

M. Mandl, D.N. Slack, S.M. Keyse, Specific inactivation and nuclear anchoring of

extracellular signal-regulated kinase 2 by the inducible dual-specificity

protein phosphatase DUSP, Mol. Cell. Biol. 25 (2005) 1830-1845.

E Formstecher, ].W. Ramos, M. Fauquet, D.A. Calderwood, ].C. Hsieh, B. Canton,

X.T. Nguyen, ].V. Barnier, J. Camonis, M.H. Ginsberg, H. Chneiweiss, PEA-15

mediates cytoplasmic sequestration of ERK MAP kinase, Develop. Cell 1(2001)

239-250.

[19] S. Torii, M. Kusakabe, T. Yamamoto, M. Maekawa, E. Nishida, Sef is a spatial
regulator for Ras/MAP kinase signaling, Develop. Cell 7 (2004) 33-44.

[20] 1. Hoornaert, P. Marynen, J. Goris, R. Sciot, M. Baens, MAPK phosphatase
DUSP16/MKP-7, a candidate tumor suppressor for chromosome region 12p12-
13, reduces BCR-ABL-induced transformation, Oncogene 22 (2003) 7728-
7736.

[21] A. Montpetit, J. Larose, G. Boily, S. Langlois, N. Trundel, D. Sinnett, Mutational
and expression analysis of the chromosome 12p candidate tumor suppressor
genes in pre-B acute lymphoblastic leukemia, Leukemia 18 (2004) 1499-1504.

[22] AS. Kibel, ). Huagen, C. Guo, W.B, Isaacs, Y. Yan, KJ. Pienta, P.). Goodfellow,
Expression mapping at 12p12-13 in advanced prostate carcinoma, Int. J.
Cancer 109 (2004) 668-672.

(171

(18]



J Neurooncol (2010) 100:43-49
DOI 10.1007/s11060-010-0147-3

LABORATORY INVESTIGATION - HUMAN/ANIMAL TISSUE

CDC25A mRNA levels significantly correlate with Ki-67

expression in human glioma samples

Yoji Yamashita - Isao Kasugai - Masami Sato - Nobuhiro Tanuma -
Ikuro Sato - Miyuki Nomura « Katsumi Yamashita - Yukihiko Sonoda *
Toshihiro Kumabe - Teiji Tominaga - Ryuichi Katakura - Hiroshi Shima

Received: 4 December 2009/ Accepted: 15 February 2010/ Published online: 10 March 2010

© Springer Science+Business Media, LLC. 2010

Abstract Cell division cycle 25 (CDC25) phosphatases
are cell-cycle regulatory proteins which are overexpressed
in a significant number of human cancers. This study
evaluated the role of CDC25 phosphatases in human gli-
oma proliferation. Upregulation of CDC25A was observed
in human glioma specimens and human glioma cell lines.
Comparison of expression levels of CDC25A and CDC25B
messenger ribonucleic acid (RNA) to Ki-67 labeling index
in glioma tissues found that Ki-67 labeling index was
significantly correlated with the expression of CDC25A,
but not with that of CDC25B. Depletion of CDC25A by
small interfering RNA and inhibition of CDC25 suppressed
cell proliferation and induced apoptosis in glioma cell
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lines, indicating that CDC25A is a potential target for the
development of new therapy for glioma.
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Introduction

Glioblastomas are the most common and lethal type of
malignant brain tumor. Median survival from the time of
diagnosis is less than a year, with fewer than 5% of patients
surviving 5 years. Glioblastoma is characterized by highly
proliferative and invasive activity, and widespread infil-
tration of tumor cells into the surrounding brain tissue [1].
Recent standard therapy for glioblastomas includes surgi-
cal resection, radiotherapy, and adjuvant temozolomide
chemotherapy administered both during and after radio-
therapy. However, most patients develop tumor recurrence
or progression after this multimodality treatment. There is
clearly an urgent need to develop new classes of treatment
modalities, such as molecular target-directed therapies [2—
4]. Understanding the molecular pathogenesis of glioma
may allow the rational development of new therapy
approaches.

The rate of cell proliferation in glioma tissues as
assessed by Ki-67 immunoreactivity has been studied as a
prognostic indicator, and correlates with tumor grade and
clinical course [5, 6]. Ki-67 detected by MIB-1 antibody is
a core antigen present in proliferating cells and absent in
quiescent cells. This antigen is expressed in all phases of
the cell cycle except for GO and the early parts of G1. The
precise function of the Ki-67 protein is still unclear.
Therefore, identification of molecules involved in the
upregulation of Ki-67 antigen may help to understand the

@ Springer

187



44

1 Neurooncol (2010) 100:43-49

malignant phenotype of glioma, and may become a can-
didate target for treatment.

Regular control of cell cycle progression requires cor-
rect function of a small family of phosphatases termed cell
division cycle 25 (CDC25), which contain highly con-
served domains for dual specificity phosphatases [7]. The
CDC25 family is fundamental in transitions between cell
cycle phases during normal cell division through the acti-
vation of cyclin-dependent kinase (CDK)/cyclin com-
plexes. Three genes code for the CDC25A, B, and C
proteins with both different and redundant specificities and
regulations in humans. In particular, the CDC25A and B
phosphatases have oncogenic properties and are overex-
pressed singly in some types of cancers and together in
others [8]. Therefore, CDC25s are promising targets for the
development of new anticancer therapeutic strategies.
Overexpression of CDC25 is linked to clinicopathological
features such as tumor grade, recurrent disease, or disease-
free survival [9, 10].

The present study examined whether CDC25 isotype-
specific linkage is present in human glioblastoma samples.

Materials and methods
Patients and glioma samples

Newly diagnosed human glioma tissues were obtained from
25 consecutive patients (15 males and 10 females) who
underwent surgery (14 surgical resections and 11 stereotactic
biopsies) at the Department of Neurosurgery, Miyagi Cancer
Center, from July 2008 onwards. Their median age was
63 years (range 21-83). Without regard to tumor volumes or
tumor malignancies, small samples weighing from 10 to
30 mg were collected for this study from all surgical speci-
mens and serial numbers were added in the order of surgery.
Each sample was immediately divided in two. One was
frozen for ribonucleic acid (RNA) preparation, the other was
formalin-fixed and paraffin-embedded for conventional
histopathological evaluation and counting of Ki-67 labeling
index (Ki-67LI). Histological diagnoses were made by a
neuropathologist, based on the World Health Organization
criteria as glioblastoma (16 cases; nos. 1-5, 7-12, 14, 18—
21), anaplastic astrocytoma (6 cases; nos. 6, 13, 17, 23-25),
and diffuse astrocytoma (3 cases; nos. 15, 16, 22). RNA
analysis was approved by the Ethics Committee of the
Miyagi Cancer Center.

Quantitative real-time polymerase chain reaction
Total RNA was prepared from the specimens with the

RNeasy Lipid Mini kit (Qiagen). Complementary deoxy-
ribonucleic acid (cDNA) was synthesized using an oligo-
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d(T)12-18 primer with Superscript III reverse transcriptase
(Invitrogen) and applied to quantitative real-time poly-
merase chain reaction (QPCR) using the LightCycler 480
and the probes master kit (Roche Diagnostics). The PCR
primers and the probes were designed and selected for the
intron spanning condition according to the online software
(Roche Applied Science). The PCR reaction was per-
formed in 20 pl containing 10 pl of Probes Master
(Roche), 0.5 uM of each primer, 0.1 uM of probe, and 5 pl
of cDNA solution. The protocol of PCR involved initial
denaturation at 95°C for 5 min, followed by 55 cycles of
95°C for 10 s, then 60°C for 25 s. Threshold cycle values
(Second Derivative Maximum method) were normalized to
the housekeeping gene, porphobilinogen deaminase
(PBGD). Human brain (frontal lobe) total RNA from a pool
of four different donors and from single donor were
obtained from Clontech (Palo Alto, CA, USA) and Bio-
Chain Institute (Hayward, CA), respectively, were also
subjected to cDNA synthesis and subsequent qPCR. The
levels of CDC25A and CDC25B messenger RNA (mRNA)
in the gliomas were expressed as ratios to that of the mixed
human brain RNA sample (Clontech). The following
probes were used: no. 17 (CDC25A), no. 68 (CDC25B),
no. 2 (CDC25C), and no. 25 (PBGD) (Roche Universal
Probe Library). The primer sequences were as follows:
CDC25A 5'-TCTGAAGAATGAGGAGGAGACC-3' and
5'-AAACAGCTTGCATCGGTTGT-3’; CDC25B 5'-ACG
CCCGTGCAGAATAAG-3' and 5'-AGTGATTTTGAG
CGGAGGAC-3; CDC25C 5'-GAGGCCATGTCGGAA
GAAG-3' and 5'-GCTTCCTTCCTCTCTTGTGG-3'; PBGD
5'-AGCTATGAAGGATGGGCAAC-3' and 5-TTGTATG
CTATCTGAGCCGTCTA-3'.

Ki-67L1

Ki-67LI was measured. Fields with the highest number of
Ki-67-labeled cells were initially selected through gen-
eralized survey, and then the percentage of positive-labeled
cells was determined by counting more than 1,000 tumor
nuclei of more than three fields of a specimen at x400
magnification without knowing any clinical information.
Only strong nuclear staining was regarded as positive, and
weak nuclear or cytoplasmic staining was regarded as
negative.

Statistical analysis

Statistical analysis used the software Statview 5.0 (SAS
Institute, Cary, NC). The expression level of CDC25A
mRNA was compared with the Ki-67LI in human primary
glioblastoma samples using simple linear regression anal-
ysis, and a P value of less than 0.05 was considered to
indicate statistical significance.
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Fig. 1 Analysis of CDC25A and CDC25B mRNA levels in human
glioma samples. Expression levels of CDC25A (upper) or CDC25B
(lower) mRNA in normal brain and primary glioblastoma samples
were estimated by qPCR. Results were normalized to the mRNA
levels of the housekeeping gene porphobilinogen deaminase (PBGD)
and shown relative to mRNA levels seen in the normal brain (four
mixed samples), which was set as 1.0

Cell culture

Human glioblastoma cell line A172 was obtained from the
RIKEN BRC (Tsukuba, Ibaraki, Japan), and U87, U251,
and U373 were obtained from DS PHARMA Biomedical
(Osaka, Japan), Health Science Research Resources Bank
(Osaka, Japan), and ATCC, respectively. A172, U87,
U251, and U373 cells were maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum (FBS). A172 cells were cultured in RPMI-
1640 (Gibco) supplemented with 10% FBS. Normal human
astrocytes (NHAs) (Lonza, Basel, Switzerland) were cul-
tured in Astrocyte Basal Medium supplemented with AGM
SingleQuots according to the manufacturer’s instructions.
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Fig. 2 Statistical comparison of the expression levels of CDC25A
and CDC25B mRNA with Ki-67L1 in human primary glioma samples.
Simple linear regression analysis showed the relationship between the
expression of CDC25A (upper) or CDC25B (lower) mRNA and Ki-
67L1 in human primary glioblastoma samples

NHA proliferation was arrested after 21 days culture, and
used as quiescent cells.

Small interfering RNA transfection

Small interfering RNA (siRNA) duplexes against human
CDC25A (Stealth RNAi), HSS101654 (siRNA1-CDC25A),
and HSS10165 (siRNA2-CDC25A) were purchased from
Invitrogen. Stealth RNAi Negative Control Medium GC
duplex (Invitrogen) was used as the control. siRNA trans-
fection was undertaken using Lipofectamine RNAIMAX
(Invitrogen) according to the manufacturer’s instruction at a
final siRNA concentration of 5 nM in the culture.

Cell proliferation assay

Cells transfected with siRNA or small compounds were
plated on a 96-well plate in octuplicate wells. Cell
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Upregulation of CDC25A in human glioma samples

The expression level of the three CDC25 family members
(CDC25A, B, and C) was examined in 25 human glioma
samples by qPCR. Figure 1 shows the mRNA levels of
CDC25A and CDC25B in the glioma samples compared to
that in normal (mixed) brain. The CDC25A and CDC25B
mRNAs were elevated in 17 (68%) and 6 (24%), respec-
tively, of these samples. In contrast, the CDC25C mRNA
level was under the detection limit in the normal brain, and
no induction was observed in tumor samples.

Correlation of CDC25A expression with Ki-67LI

To examine the possible involvement of CDC25A and
CDC25B in cellular proliferation, the expression of Ki-67,
a marker for cell proliferation, was examined by immu-
nohistochemistry with MIB-1 antibody. Figure 2 shows
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Fig. 3 Analyses of CDC25A mRNA levels (a) and protein levels (b)
in human glioma cell lines. a Expression levels of CDC25A mRNA in
normal human astrocytes in the proliferating (VHA-P) and quiescent
stages (NHA-Q) and glioma cell line samples were estimated by
qPCR. Results were normalized to the mRNA levels of the
housekeeping gene porphobilinogen deaminase (PBGD) and shown
relative to the mRNA levels seen in normal brain (four mixed
samples), which was set as 1.0. b Immunoblot analysis of CDC25A in
normal human astrocytes and glioma cell lines

proliferation was assessed as incorporation of 1-methoxy
PMS by the DOJINDO cell counting Kit-8 according to the
manufacture’s protocol (DOJINDO, Kumamoto, Japan).
Optical density was read at 450 nm at various time points
using a microplate reader (TECAN, Research Triangle
Park). The corresponding background value was subtracted
from the reading obtained from each well. To estimate half
maximal inhibitory concentration (IC50) for each com-
pound, values at 96 h of treatment were used for linear
regression analysis.

Caspase-3 and -7 activity

To measure apoptosis in glioma cell lines treated with
siRNAs or small compounds, the cells were plated on a
96-well plate in triplicate wells. The caspase-3 and -7
enzyme activities were measured by the Caspase-Glo 3/7
Assay (Promega) according to the manufacturer’s
protocol.
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that Ki-67LI levels were significantly correlated with the
level of CDC25A (r = 0.722, P < 0.0001), but not with
that of CDC25B (r = 0.211, P = 0.3162). Therefore,
overexpression of CDC25A rather than CDC25B is
involved in increased cell proliferation in glioma tissues.

Upregulation of CDC25A in human glioma cell lines

CDC25A expression was examined in 4 glioma cell lines,
U8S7MG, U25IMG, U373MG, and A172. NHAs in the
proliferating and quiescent stages were used as controls.
Figure 3a shows the relative expression of CDC25A in
these cells. The level of CDC25A mRNA was reduced to
20% after the end of proliferation in NHAs, supporting the
importance of CDC25A expression in cell proliferation.
Compared to proliferating NHAs, glioma cell lines such as
U87MG, U251MG, U373MG, and A172 showed 2- to 3-
fold increase in CDC25A mRNA expression. Analysis of
the CDC25A protein levels in these cells showed almost
similar levels to those of CDC25A mRNA (Fig. 3b).
Therefore, CDC25A is overexpressed in glioma cell lines.

Inhibitor of CDC25 suppresses cell proliferation

To examine the role of CDC25s in glioblastoma, the effects
of two quinone-based CDC25 inhibitors, BN82002 [11] and
BN82685 [12], were analyzed on cell proliferation in
U87MG and A172 cells (Fig. 4a). Both compounds inhib-
ited CDC25A and CDC25B, and they were already reported
to be active not only in vitro but also in vivo [11, 12].
U87MG and A172 cells were treated with increasing con-
centrations of the inhibitors until 96 h. The IC50s of
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Fig. 4 Inhibition of CDC25 reduces cell proliferation (a) and induces
cell apoptosis (b). US87MG and AI72 cells were grown in 98-well
plates and treated with dimethyl sulfoxide (control) or CDC25

BN82002 for US7MG and A172 were 18 and 12 pM,
respectively, and the IC50s of BN82685 for US7MG and
A172 were 0.54 and 0.90 uM, respectively. In addition,
BN82002 and BN82685 dose-dependently induced apop-
tosis, as assessed by the caspase-3 and -7 activities (Fig. 4b).

Silencing of CDC25A inhibits cell growth
To evaluate the CDC25A specific role in proliferation and

survival in glioma cells, the siRNA approach was used to
deplete CDC25A in the glioma cell lines. Two CDC25A-

inhibitors, BN82002 or BN82685. Cell proliferation assay (a) and
caspase-3 and -7 assay (b) as described in “Materials and methods”™

specific siRNA (siRNA1-CDC25A and siRNA2-CDC25A)
and negative control siRNA were transfected into USTMG
and A172 cells, both of which overexpressed CDC25A.
Immunoblot analysis confirmed suppression of CDC25A
expression in siRNA1-CDC25A and siRNA2-CDC25A at
days 2 and 3 after transfection (Fig. 5a).

The effects of CDC25A suppression on the cell prolif-
eration of the glioma cells were analyzed. U87MG and A172
were transfected with siRNA1-CDC25A, siRNA2-
CDC25A, or control siRNA, and cell proliferation was
assessed daily over 5 days (Fig. 5b). Both cell lines
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Fig. 5 Suppression of CDC25A by siRNA treatment inhibits cell
proliferation and induces apoptosis in glioma cells. U8§7MG and A172
cells were transfected with control siRNA or siRNAs against human
CDC25A as described in “Materials and methods™ and cultured for
the indicated times. The cells were lysed and immunoblot was
performed using antibody for CDC25A or f-actin (a). Cell prolifer-
ation assay (b) and caspase-3 and -7 assay (c) as described in
“Materials and methods™

transfected with siRNA1-CDC25A and siRNA2-CDC25A
showed slower growth rates than cells transfected with
control siRNA. Additionally, caspase activity was measured
in the CDC25A-depleted cells. The U§7MG and A172 cells
transfected with the CDC25A siRNAs showed increased
levels of caspase, demonstrating that apoptosis was induced
in the CDC25A-depleted cells (Fig. 5c). Therefore,
CDC25A-mediated cell proliferation and survival in glioma
cells, and suppression resulted in growth inhibition.

Discussion

The present study investigated expression levels of
CDC25s in human gliomas, and found that CDC25A is
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overexpressed, and that its expression level is closely
correlated with Ki-67LI in gliomas. This may be the first
functional molecule with expression well correlated with
Ki-67LI in glioma tissues.

CDC25 was overexpressed and contributed to tumori-
genesis in various patients with high-grade malignant
tumor [8]. Both CDC25 A and B have prognostic value.
Overexpression of CDC25B and significant correlation of
expression with shorter periods of disease-free survival
were found in glioma samples, but the level of CDC25A
expression was not defined [13]. CDC25 overexpression
within each cancer subtype tends to occur in an isoform-
specific manner, and the overexpression of multiple iso-
forms in the same cancer subtypes probably occurs through
independent pathways [8].

This study showed that expression of CDC25A was
more prominent and correlated better with Ki-67LI than
expression of CDC25B in glioma tissues. These findings
indicate that overexpression of CDC25A rather than
CDC25B is involved in increased cell proliferation in gli-
oma tissues. The majority of studies have clearly shown the
prognostic importance of Ki-67LI in glioma, both regard-
ing survival and recurrence [5, 6], so CDC25A should be
considered the marker for prognosis and/or target for
treatment rather than CDC25B.

The present study showed overexpression of CDC25A
in both surgical specimens and glioma cell lines. CDC25A
expression was 2-3 times higher in glioma cell lines than
the proliferating NHAs, suggesting overexpression of
CDC25A characterizes the malignant phenotype of glioma
cells. The mechanisms by which CDC25 isoforms become
deregulated during tumorigenesis remains unclear. Several
positive and/or negative regulators of CDC25A transcrip-
tion have been described, including c-myc, hypoxia-
inducible factor-1 alpha, p53, p21, and E2F, but there is no
evidence that CDC25 overexpression resulted from gene
amplification or rearrangements, or any other specific
genetic mutations that may be responsible for deregulating
CDC25 activities in cancer [8]. The development of
CDC25A targeting therapy will require further studies to
reveal the CDC25 biology in glioma.

Recently, CDKs are crucial in the control of the cell
cycle, so are attractive pharmacological targets for the
development of antiproliferative agents. Inhibitors of these
enzymes are currently in clinical trials in patients with
various malignant tumors. CDC25s are activators of CDKs,
so are particularly attractive target candidates for the
development of anticancer agents. Various classes of
CDC?2S5 inhibitors have been identified, and the specificities
were examined in vitro. We selected BN82002 and
BN82685 because of their relatively higher selectivity for
CDC25A. The IC50s of BN82002 towards CDC25A,
CDC25B2, and CDC25B3 are 2.4, 3.9, and 6.3 uM, and
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those of BN82685 are 109, 160, and 249 nM, respectively,
in vitro [11, 12]. In this study, these inhibitors showed
remarkable growth suppression and induction of apoptosis
in glioma cells, and similar effects were observed after
selective depletion of CDC25A from glioma cells by siR-
NA. These results suggest that CDC25A is important in
glioma cell proliferation and survival, and CDC25A tar-
geted therapy using isoform specific inhibitor is a potential
approach to glioma therapy.
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Abstract

Objective: To establish cytological features of pulmonary
pleomorphic carcinoma (PC) or giant cell carcinoma (GC), we
evaluated the cytological characteristics of these tumors us-
ing a multidisciplinary approach. Study Design: Samples
from 13 surgically resected and histologically confirmed PC
or GC patients were collected from our institutes. Eight cases
without prior chemotherapy before surgery were selected,
and cytological features were analyzed. Results: The back-
ground contained numerous lymphocytes and neutrophils.
The tumor cells were arranged in flat loose clusters, but
some were in fascicles. The shape of the tumor cell was spin-
dle or pleomorphic, and the sizes of the tumor cells varied by
more than 5-fold. The tumor cells had an abundant, thick
and well-demarcated cytoplasm. The location of the nucleus
was centrifugal, and the nucleus was oval or irregularly
shaped. Multinucleated giant cells were frequently ob-
served. The size of the nucleus was more than 5 times that of
normal lymphocytes, and its size also varied by more than
5-fold. The nuclear membrane was thin, and nuclear chro-

matin was coarsely granular, while the nucleolus was single
and round. Conclusion: PC or GC has characteristic cytolog-
ical features, however, spindle cells tended to be hardly ob-
served in cytological specimens in some cases.

Copyright © 2011 S. Karger AG, Basel

Pleomorphic carcinoma (PC) is defined as a poorly
differentiated non-small cell lung carcinoma (NSCLC),
namely squamous cell carcinoma, adenocarcinoma or
large cell carcinoma containing spindle cells and/or giant
cells, or a carcinoma containing only spindle cells and gi-
ant cells [1]. The spindle or giant cell component should
comprise at least 10% of the tumor. Giant cell carcinoma
(GC) is NSCLC composed of highly pleomorphic mono-
and/or multinucleated tumor giant cells. This tumor is
composed entirely of giant cells and does not have spe-
cific patterns of adenocarcinoma, squamous cell or large-
cell carcinoma. The tumor cells are discohesive and tend
to dissociate from each other [1].

The prognosis for PC patients is worse than that for
patients with other NSCLC in surgically operated cases
[2-4]. However, there have been some contradictory re-
ports that PC has similar clinical behavior and prognosis
as other NSCLC [5-7]. Histologic diagnosis is usually
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Table 1. Clinical summary of cases with pleomorphic carcinoma or giant cell carcinoma

Case Age/ Location Smoking Size Stage Adjuvant Follow up Compo-
sex pack-years mm therapy N nent
months  prognosis
1 69/F Lu/p 49 17 none 14 alive S/G/A/L
2 76/M LU/P 122 55 IIIA chemo. + rad. 7 alive SIG/A/L
4 62/M RU/P 126 80 v none 35 dead S/A
7 68/M LL/P 18 16 1A none 32 recurrence S/G/A
8 68/M LL/P 50 32 1B none 21 recurrence SIA
9 82/M RM/P 60 60 1B none 60 alive SIG
10 39/F LL/C 8 50 1I1A rad. + chemo. 40 alive SIG/A
12 78/M RU/P 55 25 v UFT 23 alive G

LU = Left upper lobe; RU = right upper lobe; LL = left lower lobe; RM = right middle lobe; P = peripheral; C = central; S = spindle
cells; G = giant cells; A = adenocarcinoma; L = large cell carcinoma; Chemo. = chemotherapy; Rad. = radiotherapy; UFT = 5-fluoro-

uracil derivative.

made with surgically removed tumors; however, diagno-
sis has to be made based on small biopsies or cytological
specimens for patients with an advanced-stage tumor.
Because of the difficulty in making a definite diagnosis
of PC or GG, it is not clear whether the prognosis of pa-
tients with those tumors in the advanced stage is worse
than that for patients with other NSCLCs. Although cy-
tological findings of PC or GC have been documented in
a few reports [8-13], there have been no multi-institu-
tional studies carried out by pulmonary cytopathologists.
The aim of this study was to elucidate the cytological
characteristics of PC or GC with specimens obtained
from the touch imprints of surgically removed tumors or
pre-operative transbronchial cytology specimens in pa-
tients whose tumor was surgically removed and con-
firmed histologically to be PC or GC, and to extend ap-
plication of those findings to specimens obtained from
brushing or curettage of advanced-stage tumors.

Materials and Methods

We collected 16 resected tumors that were identified as PC or
GC from our own institutes or from consultation cases. Patho-
logical findings were reviewed by 3 pulmonary pathologists
(K.H,, TK,, and Y.M.), after which 13 of the tumors were diag-
nosed as PC or GC. Members of the Committee on Pulmonary
Cytology of the Japan Lung Cancer Society evaluated the findings
of their own original cytological and pathological specimens us-
ing a microscope and made digital images of representative mi-
croscopic findings for the 13 selected tumors. The digital images
were copied to a CD and distributed to each member of the com-
mittee. Autopsy cases and patients who received chemotherapy
before surgery were eliminated from this study, and 8 cases were
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selected for analyses of cytological features. All of the authors are
experienced pulmonary cytopathologists with Board Certifica-
tion from the Japanese Society of Clinical Cytology, and all are
members of the Committee on Pulmonary Cytology of the Japan
Lung Cancer Society.

Each member of the Committee on Pulmonary Cytology eval-
uated the cytological findings of the samples independently. We
defined sarcomatoid component of PC as malignant giant and/or
spindle cells. We defined epithelial component of PC as malig-
nant tumor cells with glandular or squamous differentiation.
Component of large-cell carcinoma is also included in epithelial
component of PC. We defined large-cell carcinoma component as
tumor cells which have a tendency to form loosely structured clus-
ters composed of cells of unequal sizes without glandular or squa-
mous differentiation. We evaluated cytological features of sarco-
matoid component in each of the cases using the following pa-
rameters of the tumor cells by light microscopy: component of
tumor cells, background, number, sizes of clusters, nuclear over-
lapping, arrangement, shape, size, variability in size, pleomor-
phism, surface, adhesion, color of the cytoplasm, nature of the
cytoplasm, nuclear to cytoplasmic ratio, localization of the nu-
cleus (centrifugal or peripheral), shape of the nucleus, size of
the nucleus, pleomorphism of the nucleus, nuclear membrane,
amount of chromatin, chromatin texture, distribution of chroma-
tin, size and shape of the nucleolus, and number of nucleoli in the
nucleus.

The age of the patients ranged from 39 to 82 years old (mean
67.8 years). Six were men and 2 were women. The tumor existed
at the periphery of the lung in 7 cases and at the central part of the
lungin 1 case. All of the patients were smokers. They smoked from
8 to 126 pack-years (average 61 pack-years). The size of the tumor
was from 16 to 80 mm in diameter (average 42 mm). Lobectomy
with lymph node dissection was performed in 7 cases, and partial
resection of the lung without lymph node dissection was done in
1 case because of poor pulmonary function (case 1). The tumor
stages were IA in 1 case, IIB in 2 cases, IIIA in 2 cases, and IV in
2 cases. The TNM classification of case 1 is TINXMX (table 1).
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