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B7-H1 Overexpression Regulates Epithelial-Mesenchymal
Transition and Accelerates Carcinogenesis in Skin
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Abstract

B7-H1 (CD274) is a T-cell coinhibitory molecule that is also often induced on human carcinoma cells, where its
expression has been implicated in immune escape. Under inflammatory conditions, B7-H1 is also inducible in
normal epithelial cells but little is known about its involvement in conversion of normal eells to tumor cells.
Here, we show that skin-specific expression of B7-H1 accelerates inflammatory carcinogenesis in a methylcho-
lantrene (MCA}-induced model of squnamous cell carcinoma (SCC). Inflammatory responses induced by MCA or
phorbol ester TPA were clearly inhibited in B7-H1 transgenic mice (B7-HItg mice). Antibody-mediated blockade
of either B7-H1 or the related molecule PD-1 revealed that their ability to limit inflammation relied on ligand
interactions made by B7-HI or PD-1. Skin keratinocytes derived from B7-Hltg mice exhibited constitutive
reduction of E-cadherin, and SCC induced in B7-HItg mice also showed loss of E-cadherin along with elevated
expression of the transcription factors Slug and Twist that drive epithelial-mesenchymal transition (EMT). Our
results indicate that upregulation of B7-H1 in skin epithelial cells promotes EMT and accelerates carcinogenesis,
revealing insights into the significance of B7-H1 overexpression on solid tumor cells and hinting at a close
relationship between EMT and immune escape signaling pathways in cancer. Cancer Res; 71(4); 1235-43. ©2010 AACR.

Introduction

B7-H1 (CD274) is one of the ligands for the coinhibitory
receptor PD-1 (CD279), and the B7-H1:PD-1 pathway is
involved in the induction and maintenance of peripheral
tolerance (1, 2). B7-HI s widely distributed on leukocytes
and nonhematopoietic cells in lymphoid and nonlymphoid
tissues. Nonlymphoid tissue-associated B7-H1 is found on
pancreatic islets (3), keratinocytes (KCs; ref. 4), smooth muscle
cells (5), and placenta (6) at inflammatory disease sites. IFN-y
is a key cytokine in the induction of B7-H1. In addition to the
expression of B7-H1 in normal tissue cells, constitutive expres-
sion of B7-H1 is found on various human cancers, including
squamous cell carcinomas (SCCs) of the lung, esophagus, and
head and neck; other types of carcinomas of the colon, evaries,
bladder, and breast; melanoma; and glioma (1, 7-17). Tumor-
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associated B7-H1 is closely correlated with poor prognosis
and/or higher malignancy grade. In mouse tumor transplants,
B7-Hl-transduced tumors show more aggressive tumor
growth and poor survival rates (7, 9, 12}. Ligation of PD-1
by tumor-asscciated B7-H1 induces apoptosis or downregula-
tion of effector CTL, resulting in an escape from T-cell-
mediated immune surveillance. Blockade of the B7-H1:PD-1
pathway efficiently reduces tumor growth end improves
swrvival (7, 9, 12, 18, 19). Thus, tumor-associated B7-H1
apparently dampens host antitumor immune responses.

B7-H1 expression in breast cancer is strongly associated
with proliferative Ki-67 expression and cell eycle progression
that is independent of host PD-1 (16). In human glioma, cell
surface B7-H1 is postiranscriptionally controlled and closely
correlated with loss of "phosphatase and tensin homolog on
chromosome ten” {(PTEN), a tumor suppressor gene (20). KC-
specific Pten deficiency resulted in epidermal hyperplasia and
accelerated tumor formation, suggesting that PTEN may be an
important regulator of carcinogenesis in the skin {21).

We recently generated B7-H1 transgenic mice under the
control of human keratin 14 promoter {B7-HItg) in which
epidermal KCs overexpressed B7-H1 (22). No obvious abnorm-
ality was seen in the skin or hair of B7-H1tg mice, even in aged
mice. KC-associated B7-H1 directly regulated effector CD8" T-
cell function at the cutanecus inflammatory sites of contact
hypersensitivity. Although overexpression of B7-H1 on skin
tumors has been reported, little is known about the role of B7-
HI in skin cancer formation. Recently, intradermal, but not
subcntaneous, injection of 3-methylcholanthrene (MCA) was
shown to preferentially induce SCCs rather than sarcomas
(23}. Here, we used this method to examine the frequency of
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tumor formation in B7-HItg mice and the phenotypic changes
in KCs and SCCs.

Materials and Methods

Mice

B7-HI transgenic mice under the contrel of the human
keratin 14 (K14) promoter (C57BL/6 K14-B7-H1tg; ref. 22) were
backerossed with BALB/c mice. Transgene-positive and trans-
gene -negative mice were used as B7-HIT/~ tg (B7-Hitg/
hetero) and littermate (Lm) control mice, respectively. B7-
HItg/hetero female and male mice were bred and B7-HI™'* tg
(B7-HItg/homo) mice were obtained. BALB/c mice were
purchased from Japan SLC (Shizuoka) and used as wild-type
(wt) control mice for B7-HItg/homo. PD-1-deficient mice with
a BALB/¢ background (24) were kindly provided by Dr. Tasuku
Honjo through RIKEN RBC and were maintained in our
facility. All procedures were reviewed and approved by the
Animal Care and Use Committee of Tokyo Medical and Dental
University.

Induction of skin tumors

Skin tumors were induced as described by Wakita et al. (23)
with minor medification. Mice were injected intradermally on
the shaved right abdominal skin with 50 L olive oil (Wako}
containing 500 pg of MCA (Sigma-Aldrich) and monitored
every week for the development of tumors. Skin tissues at the
MCA injection sites were surgically removed at 3 and 7 days or
at 7 weeks after MCA injection. Histological examination was
performed. In separate experiments, the survival rate was
monitored until 28 weeks.

TPA-induced skim inflammation

To induce skin inflammation, 12-O-tetradecanoylphorbol
13-acetate {TPA, 10 j1g/200 pL in acetone; Alexis) was painted
onto the shaved ebdominal skin once or twice. For mAb
blocking experiments, each group of mice received intraper-
itoneal (i.p.) injections of either control IgG (Cappel), anti-PD-
1 (RMP1-14; ref. 25), or anti-B7-H1 (MIH5) mAb (200 pg/
mouse; ref. 12) at days -1, 0, and 1 for 3 times. The painted
sites of skin tissues were removed at 48 hours after the last
painting.

Separation of epidermal sheets and isolation of
eplidermal cells

Dorsal halves of ear skin from intact or TPA-painted mice
were incubated in 0.25% trypsin in PBS at 37°C for 45 minutes.
The epidermal sheets were separated from the dorsal ear
halves and wsed for the isolation of total RNA. For isolate
single-cell suspensions of epidermal cells, the epidermal
sheets were minced mechanically and filtered through nylon
mesh. Single-cell suspensions of epidermal eells contained
approximately 1% CD457CD49f" lymphocytes and 99%
CD45CD49f+ KCs, as assessed by flow cytometry.

Histology and immuohistochemistry
Paraffin-embedded tissue sections were stained with hema-
toxylin and eosin {H&E). Histology was assessed by 2 inde-

pendent investigators. Cryostat sections were stained with
anti-B7-H1 (MIH5) mAb, and enzymatic immunochistochem-
istry was performed as described previously {26).

Quantitative real-time RT-PCR

Total RNA was extracted from epidermal sheets or SCC
tumor mass using Isogen (Nippongene). First-strand cDNA
was synthesized using oligo (dT) primers and Superscript HI
reverse transcriptase (Invitrogen). Real-time PCR was per-
formed using a LightCycler instrument with & DNA Master
SYBR Green 1 kit (Roche Diagnostics). Primer sequences are
listed in the Supplementary Table S1. Data are presented as
the relative expression against B-actin {Acth).

Culture of primary established tumor cells

Tumor specimens generated from MCA-injected B7-HItg
mice were mechanically minced into small tissue fragments.
The fragments were placed onto culture plates and cultured
with DMEM supplemented with 10% FBS and gentamicin for
10-14 days. When a large enough number of tumor cells was
grown from the fragments, the cells were detached by trypsi-
nazation and reseeded onto fresh culture plates, Experiments
were performed using the cells at passages 3 to 6. The type of
SCC was confirmed by histological examination. Two primary
cultured SCC cells (B7-HItg/SCCl and B7-H1tg/SCC2) were
used in this study.

Tumor ineculation and evaluation of tumor growth

Colon26 (a BALB/c-originated colon adencarcinoma cell
line} was kindly obtained from Cell Resource Center for
Biomedical Research, Institute of Development, Aging and
Center Tohoku University. Cells were cultured, freeze-stocked,
and used in accordance with the United Kingdom Coordinat-
ing Committee on Cancer Research (UKCCCR) guidelines.
Colon26 (5 x 10° eells and primary cultured SCC eells origi-
nating from B7-HItg mice (B7-Hitg/SCC1 and B7-H1tg/SCC2,
5 x 10" cells) were injected intradermally into the shaved right
flank of wt, B7-H1tg, or PD-1""~ BALB/c mice. In experiments
to determine the involvement of B7-H1, 200 yig each of control
IgG or ant-B7-H1 (MIH5) mAb were injected i.p. every other
day after tumor inoculation. Tumor volumes were evaluated
as described previously {27).

Statistics

Statistical analyses were performed using the Mann-Whit-
ney U-test or Fisher's exact test. Vahies of P < 0.05 were
considered significant.

Resulis

B7-HItg mice overexpress B7-HI on epidermal KCs

To confirm the expression of B7-H1 in epidermal KCs, we
examined B7-H1 mRNA and protein levels. Epidermal KCs in
B7-H1tg hetero and homo mice expressed high levels of mRNA
and cell surface B7-H1 (Fig. 1A and 1B). The levels of mRNA and
cell surface B7-H1 in B7-HItg/hetero mice were almost half
those of B7-Hitg/homo mice. Specific overexpression in the
epidermis was confirmed by irmmunohistochemistry (Fig. 1C).
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Figure 1. B7-H1ig mice overexpress B7-H1 on KCs. A, B7-H1 mRNA expression. Total RNA was extracted from epidermal sheets of ears from intact wt, B7-
Hitg/hetero, and B7-Hitg/homo mics, and real-time PCR was performed. Values are means + 8D {n = 4). B, cell surface expression of B7-H1. Single-cell
suspensions of epidermal shests were stained with FITC-anti-CD49f (GoM3, Biol.egend) and PE-anti-B7-H1 {MIH5, eBiosclence), and APC-anti-CD45
{30-F11, eBioscience) or apprepriate control mAbs. An electronic gate was placed on CD48f*CD45~ KCs and B7-H1 expression {filled histograms) is shown
with control staining {plain tine histograms). The values in the upper right are the mean fluorescence intensities. C, immunohistostaining for 87-H1.
Cryostat sections of respective abdominal skin were immunostained with anti-B7-H41 (MiH5) mAb. Representative images are shown. Bars, 25 pm.

Earlier Inflammatory responses are impaired
in B7-Hitg mice '

To investigate the role of B7-H1 in skin tumor formation, we
used an intradermal injection of MCA to generate SCCs. No
clear difference was observed between wt and B7-HItg/homo
mice before MCA injection (Fig. 2A). At 3 days after MCA
injection, the epidermal thickness and number of epidermal
layers were markedly increased, and these changes were more
obvious in wt mice. Additionally, infiltration under the epi-
dermal layers was more abundant in wt mice. At higher
magnification, the alignment of basal cells in wt mice was well
organized, whereas the basal cell alignment in the B7-Hitg
mice was disturbed and more chromatin condensation was
seen. At 7 days, the thickness of epidermis became comparable
between wt and B7-HItg mice. Careful observation revealed
that the number of infiltrating cells in the supradermis (upper
half) was clearly lower in the B7-HItg mice, although infiltra-
tion in the deep dermis near the injected MCA/olive oil
emulsion was abundant in both types of mice. The decreased
inflammatory responses in B7-HItg mice were confirmed by
real-time PCR. The expression levels of IL-1o;, IL-18, IFN-y,
TNFa, and IL-6 were markedly impaired in the skin of B7-Hitg
mice (Fig. 2B). In contrast, the expression of IL-10 (an antiin-
flammatory eytokine} was upreguiated in B7-Hitg skin.

Topical painting of TPA also induced rapid basat KC pro-
liferation and skin inflammation. Histology of TPA-painted
skin showed proliferation of KCs and no clear difference in
epidermal thickness or layer number between wt and BI-Hlitg
mice {Fig. 2C). Abundant cell infiltration was seen in the
subepidermis of wt mice. Similar to the MCA-induced early
inflammatory responses, cell infiltration in the B7-HItg mice

was clearly impaired. To clarify the invelvement of B7-H1 and
PD-1 interactions in the impaired inflammatory responses,
TPA-painted mice received ip. injection with control IgG,
anti-PD-1 mAb or anti-B7-H1 mAb for 3 days and then a
histological analysis was conducted. Treatment with anti-PD-
1 or anti-B7-H1 mAb, but not control IgG, dramatically
enhanced the infiltration level in B7-HItg mice (Fig. 2C),
but the same treatment did not clearly affect wt mice (data
not shown). These results suggest the involvement of the B7-
HIPD-1 pathway in the impaired inflammatory responses in
B7-HItg mice. To identify PD-1-expressing cells within the
epidermis and dermis, we analyzed PD-1 expression by flow
cytometry. A minor fraction of PD-1%™ positive cells (~5%)
was found within CD457CD49f " epidermal lymphocytes.
These cells expressed very fow levels of CD3e and lacked
CD1lc and TCRYS expression {data mot shown). No PD-1*
cells were observed in the dermis fraction. Further studies are
needed to clarify the target cells involved in the B7-H1:PD-1-
mediated reduction of inflammatory responses.

Epidermal tumor formation is prometed in
B7-HItg mice

MCA-injected mice were monitored weeldy for the devel-
opment of primary tumors, and tumor masses were resected at
7 weeks for histological analysis. Representative images of well-
differentiated SCC with cancer pear! (Fig. 3A, a), undifferen-
tiated SCC with spindle phenotype (Fig. 3A, b), and basal cell
carcinoma (BCC; Fig. 3A, c) are shown. En most SCCs, scattered
small colonies were observed near the cyst wall (Fig. 34, d),
suggesting that the SCC cells were derived from the epithelium
of cyst walls. Overall tumor incidence was approximately

www.aacrjournals.org

Cancer Res; 71(4) February 15, 2011

Downloaded from cancerres.aacrjournals.org on January 4, 2012
Copyright © 2011 American Association for Cancer Research

— 154 —

1237



1238

Published OnlineFirst December 15, 2010; DOI:10.1158/0008-5472.CAN-10-2217

Cao et al.

i B -Hitgfhome

Day 7

Figure 2. 8kin inflammatory
respanses are suppressed in
B7-H1tg mice. A, H&E staining of
intact or MCA-injected skin
tissues at days 3 and 7, Bars,
100 pm. B, mRNA was extracted
from whole skin tissues of MCA-
Injected siles from wit {open
columng) and B7-H1tg (closed
columns) mice at day 7. Cytokine
expression was analyzed by real-
time PCR. Values are means + 8D
(n = 3). Data are representative of
2 independent experiments. C,
H&E staining of skin sections at
48 h after the last TPA painting and
mAb treatment, Bars, 100 pmn.
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threefold higher in B7-Hitg/homo and twofold higher in B7-
Hitg/hetero compared with Lm control (Table 1}. The inci-
dence of SSC was significantly higher in both B7-Hitg homo
and hetero mice. The incidence of basal eell tumors (BCTs),
including basal cell epitheliomas and BCCs, also was increased
significantly in B7-Hitg/homo mice. When we monitored the
survival rates until 28 weeks after MCA injection, the final
survival rate of B7-Hltg/homo mice was 20%, which was
threefold less than that of wt mice (Fig. 3B). All surviving mice
were tumor-free. These results demonstrate that KC-derived
tumor formation was promoted in B7-HItg mice.

Next, B7-H1 status was compared between wt and B7-HItg
mice. Both KCs and SCCs from wt mice expressed very low
levels of B7-H1 transcripts. However, both KCs and 8CCs from
B7-Hltg mice showed persistently much higher levels of B7-H1
(Fig. 3C). Immunohistochemistry of B7-H1 in the B7-HItg-8CC

sections showed extremely strong B7-H1 expression in the
epidermis, hair follicles, and SCC tumor sites (Fig. 3D). These
results indicate that B7-HItg-SCCs consistently possessed
similar feature in terms of B7-H1 status, suggesting the
conversion of KCs to SCCs.

E-cadherin is downregulated fm B7-H1-overexpressing
KCs

To address why B7-Hl-overexpression in KCz induced
higher tumeor formation, we focused on molecules involved
in the epithelial-mesenchymal transition (EMT; ref. 28, 29).
Loss of E-cadherin and upregulation of N-cadherin have been
closely correlated with migratory properties of epithelial cells
to mesenchymal cells. Thus, transcripts for E-cadherin (Cdhl)
and N-cadherin {Cdh2) in KCs and SCCs were compared
between wt and B7-HItg mice, using with K14 (Krt14) to
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Figure 3. MCA-induced skin tumors. A, H&E staining of representative tumor tissue types 7 weeks after MCA injection. Representative images are shown of a
well-differentiated SCC (a), undifferentiated SCC (b), basal cell carcinoma (BCC) (c), and scattered small colonies of S8CCs near the cyst (d). Bars, 50 pm. B,
survival curves after MCA injection, Data (n = 10) are representative of 2 independent experiments. C, real-time PCR for B7-H1. intact epidermal

sheets and SCCs from wi (open columns) and B7-H1tg {closed columns) mice were analyzed. Values are means =+ 8D (n = 3). D, immunohistostaining of
B7-H1. Frozen sections of SCC tumor sites at 7 weeks after MCA injection were stained with either control rat igG or anti-B7-H1 mAb. Bars, 250 wm.

assess the guantity of epidermal eells. KCs from B7-H1tg mice
showed significantly lower Cdli] expression, despite compar-
able levels of Krt14 (Fig. 4A). After the conversion to SCCs,
Cdhllevels in the SCCs were markedly decreased in both types
of mice, but were consistently lower in B7-Hitg. In contrast,
Cdh2 clearly increased after SCC conversion, with no apparent
difference between wit and B7-Hitg mice. To directly confirm
the preferential loss of E-cadherin in B7-H1tg-KCs, Krt14 and
Cedhl expression was examined 24 hours after topical TPA
painting. TPA painting clearly enhanced the Krt14 transcripts
in KCs of both wt and B7-H1tg mice, suggesting comparable
expansion of KCs; however, TPA stimulation further down-
regulated Cdhl in both wt and B7-Hltg,

Downregulation of E-cadherin has been shown to be con-
trolled by transcription repressors, such as Snail and Shag (29,

30). Thus, we next examined Snail (Snai?), Slug (Snai2), and
Twist (Twist) transcription levels. Intact KCs did not show
substantial levels of these transcripts, and no difference was
observed between wt and B7-#H1tg (Fig. 4B). After SCC conver-
sion, levels of all 3 were dramatically increased, but the increased
levels of Snai2 and Twist were significantly higher in the B7-Hltg-
SCCs. No clear difference was seen in Srai? expression. These
results suggest that the higher incidence of skin tumor forma-
tion in B7-H1tg mice may be related to a loss of E-cadherin and
the preferential upregulation of Slug and Twist.

PD-1-mediated host immune responses ave inveolved in
the enbanced tumeor formation

We next examined whether B7-H1- or PD-1-mediated anti-
tumor host responses are involved in the accelerated SCC
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Table 1 Tumor incidence 7 weeks after MCA injection

Group ) Tumeor incldence (%)

Total tumors BCT SCC Fs
wt control 42 19.0 (8) 2.4 (1) 14.3 (6) 2.4 (1)
B7-Hitg/omo 40 62.5° (25) 15.0° () 425 (17) 5.0 (2)
Lm control 32 43.7 (14) 9.4 (3) 31.2 (10) 3.14)
B7-Hitg/hetero 35 68.8° (24) 11.4 {4) 57.1° (20) 0.0 0)

#8kin tissues at the MCA-injected sites were removed after 7 weeks and histological examination was performed. Values are the data
from 3 to 4 Independent experiments. BCT, basal cell tumors including basal cell epithelioma and basal cell carcinoma; SCC,
squamous cell carcinoma; FS, fibrosarcoma.
bStatistically different from each controf group (P < 0.05).

formation. To address whether over-expressing B7-H1 on KCs
affects antitumor immune responses against B7-H]"s*tvelow
tumors, Colon26 tumor cells, which expressed very low levels
of B7-H1 (Fig. 5A), were inoculated into wt and B7-Hltg mice,
and tumor growth was examined. No clear difference was
observed between their growth curves (Fig. 5B). In addition,
the analyses of regional lymph nodes 18 days after tumor
inoculation showed no clear differences in the total cell
number, the proportions of CD3", CD4", and CD8™ T eells;
or IFN-y expression in CD4% and CD8" T cells (data not
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shown). These results indicate that B7-H1 overexpression in
KCs does not affect antitumor immune responses against the
tumors that express endogenous low levels of B7-Hi.

After the malignancy conversion from KCs, the growth of
B7-Hl-overexpressing tumor cells may be affected by anti-
tumor immune responses. To investigate the involvement of
PD-1 and/or B7-H1 in antitumor responses against B7-H1
overexpressing {tumors, we compared tumor growth
between wt and PD-I"/" mice inoculated with B7-Hltg-
derived SCC cells, which expressed eell surface B7-H1 at

Figure 4. Transcripts of EMT-
related molecules. A and B, total
RNA was lsolated from epidermal
sheets of intact skin (KC), TPA-
painted skin at 24 hours (TPA-KC),
and 8CC tumor mass {S8CC) from
wt (open columns) and B7-Hitg
{closed columns) mice. The
expression of the indicated genes
was analyzed by real-time PCR.
Values shown are means + 8D
{n = 5-7). °, statistically significant
{P < 0.05).
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very high levels (Fig. 5A). Te mimic early stage of tumors
development, we intradermally inoculated 10-fold few tumor
cells (5 x 10* cells) than in the experiments using colon26.
The wt mice permitted the growth of B7-HItg-derived pri-
mary tumor cells, whereas PD-I-deficient mice completely
rejected the tumor engraftment (Fig. 5C). Anti-B7-H1 mAb
treatment in PD-1-deficient mice canceled the tumor rejec-
tion, and tumor growth was comparable to that in wt mice
(Fig. 5D). These results suggest that PD-l-mediated host
responses against B7-Hl-overexpressing tumors are
invelved in aceelerated tumor formation.

Discussion

We demonstrated for the first time that SCC formation was
promoted in B7-H1-overexpressing skin. Our results indicate
that downregulation of E-cadherin in B7-Hitg mice occurs
prior to tumor development. Without stimulation, E-cadherin
expression in intact KCs was constitutively downregulated in
B7-HlItg mice (Fig. 4A). The disturbed alignment and atypical
change of basal KCs observed in B7-Hltg mice at the earlier
time point (Fig. 24) suggest dysregulation of cell adhesion and
rapid cancerous changes in basal KCs.

TGF-B1 and its related signaling have been shown to
contribute greatly to the suppression of EMT or progression
of tumor invasion and metastasis during skin carcinogenesis
{31, 32). Although we compared TGF-BI expression in MCA-
induced inflammatory skin (Supplementary Fig. S1), intact
KCs and SCCs (Supplementary Fig. 52) between wt and B7-
Hitg mice, no obvious difference was observed. TGF-S1
expression was rather decreased both in the inflammatory
skin and after S8CC conversion. Thus, it is unlikely that the
TGF-B pathway was involved in the increased carcinogenesis
in B7-Hltg mice.

The inflammatory microenvironment promotes EMT-like
changes in the skin and upregulation of Snail and Slug seems
to occur s an upstream event prior to loss of E-cadherin {29,
30, 33). Our study revealed that inflammatory responses
were markedly reduced in the skin of B7-HItg mice in
experiments with both MCA injection and TPA painting,
Thus, we could not attribute the increased tumor formation
in B7-H1tg mice to inflammation-induced tumor formation.
Short-time TPA stimulation did not upregulate Snail, Slug, or
Twist expression {data not shown). Preferential upregulation
of Slug and Twist may eccur in B7-Hltg during the tumor
progression process after the loss of E-cadherin. Snail and
Slug have been shown to contribute to cell survival and
apoptosis resistance (34-36). In an ultraviolet radiation-
induced murine SCC model, Snail and Slug upregulation
was mediated by activation of the mitogen-activated protein
kinase kinase (MAPK)/extracellular signal-regulated kinase
(ERK) signaling cascade {36). Transcriptional repression of
E-cadherin requires activation of MAPK/ERK signaling (37,
38). Presently, we cannot identify specific molecules involved
in the B7-Hl-mediated regulation of E-cadherin, Slug, and
Twist expression. It is possible that overexpression of B7-H1
may transduce constitutive signals, resulting in activation of
the MAPK/ERK signaling cascade. A common signaling
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Figure 5. Involvement of the B7-H1:PD-1 pathway in 87-H1~negative or
~-overexpressing tumor growth. A, expression of B7-H1. Colon28,
B7-Hitg/SCC1, and B7-H11g/SCC2 cell lines were stained with
PE-conjugated anti-B7-H1 mAb or contro! igG and analyzed by flow
cytometry, Data are shown es filled histograms with contro! staining as
plain-fine histograms. B~D, Colon26 (5 x 16° calls), B7-H1p/SCC1

or B7-H11g/SCC2 (5 x 10° cells) were intradermatly injected into syngensic
BALB/c wt {open circles), B7-Hitg {closed circles), or PD-1"" {diamonds)
mice and tumor volumes were monitored. I D, tumor-inoculated mice
recelved an intraperitoneal injection of contrel rat igG (open diamonds) or
anti-B7-H1 mAb (closed diamonds) {200 pg/mouse) 3 times a week. The
mean tumor volume + 8D was determined In each group of § mice.

cascade may regulate different target molecules that pro-
mote EMT during the development of tumors. We investi-
gated whether persistent upregulation of endogenously
induced B7-H1 by IFN-y stimulation in murine SCC cell
lines {NRS-1 and SCCVH) could induce downregulation ef
E-cadherin. The expression levels of E-cadherin were com-
parable before and after treatment for 2 weeks (data not
shown). Cell surface expression on primary B7-Htg/SCC cell
cultures was approximately 50-fold higher than that of
endogenously induced B7-H1 on SCC cell lines. Thus, the
promoted carcinogenesis ebserved in our study may occur in
only limited situations. Further studies are needed to
address the signaling involved in B7-Hl-mediated E-cad-
herin regulation.

Although the loss of Pfen, a tumor suppressor gene, has
been reported in B7-H1-overexpressing tumors (20), the B7-H1
transgene of B7-H1 did not alter Plen expression in B7-Hlitg
KCs and SCCs (Supplementary Fig, $2), Antiapoptotic reverse
signaling of B7-H1 in cancer cells has been also reported (39).
Therefore, we examined the effects of B7-Hl-mediated
reverse signaling by stimulation with immobilized PD-1lg
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or anti-B7-Hl mAb-conjugated polystyrene beads. No mor-
phological and phenotypic changes and no anti-apoptotic
effects were seen in the B7-HItg/SCC cells. The mRNA expres-
sion for cell cycle related Cyclin D1 {Cend1) and antiapoptotic
Bel2 (Bcl2) was also comparable between wt and B7-Hltg
SCCs (Supplementary Fig. §2). These results suggest that B7-
Hhtg SCCs do not possess obviously distinct features in cell
cycle progression and antiapoptosis.

After the atypical change or malignancy conversion from
normal KCs, PD-1-mediated regulation in antitumor immune
responses may strongly contribute to the promotion of tumor
growth becanse of the much higher expression of B7-H1.
Indeed, our results suggest that tumor growth of B7-Hitg-
derived SCC cells was completely dependent on the B7-HI-
PD-1 pathway. Overexpression of B7-H1 in KCs may promote
an early stage of carcinogenesis via intrinsic cell change;
however, after this process, PD-l1-mediated host immune
responses greatly contribute the accelerated tumor formation.

The studies using human SCC specimens of the esophagus,
skin, head and neck, and oral cavity demonstrated that the
decreased E-cadherin expression was associated with inereased
invasiveness, lymph node metastasis, and/or poor survival (40—
43). Immunohistological analyses in esophageal SCCs revealed
that the elevated Slug or Twist expression was significantly
correlated with reduced E-cadherin and showed poor clinical
outcomes {44, 45). Another study also demonstrated that Twist
expression in esophageal SCCs served as an independent prog-
nostic factor for predicting distant metastasis and survival (46).
B7-H1 expression has shown to be closely correlated with poor
prognosis and/or higher malignancy grade in esophageal SCCs
(11). Although no parallel study for B7-H1 expression and E-
cadherin or EMT-inducing transcription factors has been
reported, the above results suggest a close correlation between
upregulation of B7-H1 expression and reduced E-cadherin and/
or enhanced Slug and Twist transcription factors in human
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Abstract A 71-year-old woman was diagnosed with rheu-
matoid arthritis in 2002. Treatment was started with metho-
trexate and she was switched to adalimumab in 2006. In May
2008, she started complaining of swelling of the left axilla and
the left elbow lymph nodes, and adalimumab was discontin-
- ued in December. Her lymphadenopathy did not resolve and
she was admitted to hospital with fever in May 2009. Sub-

sequent laboratory examinations showed that serum alkaline

phosphatase, gamma-glutamyl transpeptidase, C-reactive
protein, and soluble interleukin-2 receptor levels were
3,078 TU/L, 510 TU/, 20 mg/dl, and 7,290 U/ml, respectively.
Gallium scintigraphy showed high-intensity areas in the
above-mentioned lymph nodes. She suddenly progressed to
jaundice and died of pulmonary edema on the 25th day of
hospitalization. Autopsy indicated large atypical cells with a
distorted nucleus that had multiplied in the above-mentioned
lymph nodes. On immunohistochemical staining these cells
showed positive staining for CD15, CD30, PAX-5, Epstein-
Barr virus (EBV) early small RNA (EBER), and LMP-1.
Reactivation of EBV was diagnosed via EBV antibodies and
an EBV DNA determination. We considered that she had
developed EBV-associated lymphoproliferative disorders due
to immunodeficiency caused by adalimumab administration.
Reactivation of EBV associated with adalimumab and the
relationship of this reactivation to malignant lymphoma have
been rarely reported.
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Introduction

Rheumatoid arthritis (RA) patients have a high incidence

of lymphoma compared with the general population,
according to many recent reports. It has been reported that
patients receiving methotrexate (MTX), which is one of the

- mainstays of RA treatment, can develop lymphoprolifera-

tive disorders (LPD). Recently, it has been reported that the
widespread employment of anti-tumor necrosis factor
(TNF)-alpha antibody treatment has resulted in an
increased tumor risk brought about by ¢ytokine suppres-
sion. According to the World Health Organization Classi-
fication of tumors of haematopoietic and lymphoid tissues
(2008), in the category of immunodeficiency-associated
lymphoproliferative disorders there is an item termed
‘other iatrogenic immunodeficiency-associated lympho-
proliferative disorders’ [1]. In regard to this item, it is noted
that MTX and antagonists of TNF-alpha may cause LPD. It
remains unclear whether RA itself is associated with LPD
or whether cytokine-suppressive treatment causes the
adverse effect of LPD. We report here a rare case of a
patient with RA with Epstein-Barr virus (EBV)-associated
LPD caused by immunodeficiency related to adalimumab
administration (Figs. 1, 2).

Case report
A Tl-year-old woman was diagnosed with RA in 2002.

Treatment was started with MTX (8 mg/week), and she
was switched to adalimumab (40 mg/2 weeks) in 2006.

@_ Springer

— 161 —



Mod Rheumatol

Fig. 1 A chest computed tomograpﬂy (CT) scan showing swollen left
axilla lymph nodes (arrow; a). Magnetic resonance imaging (MRI)
showing swollen left elbow lymph nodes (arrow; b). Gallium

She complained of swelling of the left axilla and the left
elbow lymph nodes starting in May of 2008, and ada-
limumab was therefore discontinued, in December. Her
lymphadenopathy did not resolve. She developed a fever
and was admitted to the hospital in May of 2009.

Physical examinations showed swelling of the left axilla
and the left elbow lymph nodes without tendernéss. The
lymph nodes were soft and elastic. She had developed a
fever of more than 38°C. She exhibited no arthralgia, joint
swelling, or joint distortion.

Laboratory data were as follows: leukocyte count,
4,700/ul  (76% neutrophils, 14% lymphocytes, 10%
monocytes, 0% eosinophils, and 0.2% basophils); red
blood cell count, 3,260,000/ul; hemoglobin, 9.6 g/dl;
hematocrit, 29.8%; mean corpuscular volume, 91.4 fl;
mean’ corpuscular hemoglobin concentration, 32.2%; reti-
culocytes, 1.8%; platelet count, 102,000/pl; serum aspar-
tate aminotransferase, 52 IU/I; alanine aminotransferase,
46 TU/L; lactate dehydrogenase (LDH), 296 U/ (isozyme
LDH1 23%, LDH2 39%, LDH3 22%, and LDH4 7%);
alkaline phosphatase (ALP), 3,078 IU/l (isozyme ALP1

@ Springer

scintigraphy showing high-intensity areas in the left axilla and left
elbow lymph nodes (arrows; c)

19%, ALP2 T7%, ALP3 3%, and ALP4 1%); gamma-glut-
amyl transpeptidase, 510 IU/I; total bilirubin, 2.0 mg/dl;
C-reactive protein, 20 mg/dl; ferritin, 6,578 ng/ml; soluble
interleukin-2 receptor, 7,290 U/ml; procalcitonin, 0.1 ng/
ml; and beta-p glucan, 5.0 pg/ml. Serological tests for anti-
body titers for EBV were as follows: Anti-VCA IgM anti-
body, <10 times, anti-VCA IgG, 640 times, anti-EA IgG
antibody, 10 times, and anti-EBNA antibody, 20 times. EBV
DNA determination in the serum was 6.8 x 10° copies/10°
cells (normal range; <2.0 x 10' copy). A chest and
abdominal computed tomography (CT) scan indicated left
axilla lymph node swelling and hepatosplenomegaly. Gal-
lium scintigraphy showed high-intensity areas in the left
axilla and the left elbow lymph nodes. After we had per-
formed a biopsy of the left axillary lymph node on the 13th
day of hospitalization, she suddenly developed jaundice, and
she died of pulmonary edema on the 25th day.

After obtaining the consent of the family, we performed
an autopsy. The lymph nodes in the left axilla, the left
elbow, and the left collarbone fossa, and the paraaortic and
hilar lymph nodes had increased in size, up to 4 cm. In
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Fig. 2 Lymph nodes showing large atypical cells with distorted nucleus that had multiplied (H&E, x100) (a). Immunohistochemical staining
showing that these cells were positive for CD15 (b), CD30 (c), and Epstein-Barr virus early small RNA (EBER) (d)

these lymph nodes, large atypical cells with a distorted
nucleus had multiplied. Immunohistochemical staining of
these cells showed positive staining for CD15 (normal
granular leukocyte and Hodgkin lymphoma marker), CD30
(Hodgkin lymphoma, anaplastic large T-cell lymphoma,
and diffuse large B-cell lymphoma marker), PAX-5 (B-cell
marker), EBER (EBV early small RNA), and LMP-1 (EBV
encoded latent membrane protein 1). These cells were
found to be negative for CD3 (T-cell marker), CD20 (B-
cell marker), Oct-2 (B-cell marker), and-Bob-1 (B-cell
marker). These tumor cells had infiltrated into the liver,
spleen, both lungs, the pleura, both adrenal glands, and
vertebral marrow, as well as the lymph nodes. Based on
the high level of EBV DNA determination, and positive
EBER and LMP-1 via immunostaining of the tumor cells,
we considered that she had developed EBV-associated
lymphoma. Based on the clinical course and pathologi-
cal results, we made a diagnosis of EBV-associated
LPD due to immunodeficiency related to adalimumab
administration.

Discussion

It has been reported that patients with RA in Northern
Europe have a 1.08-1.4 times increased risk of developing
a malignant tumor compared with the general population
[2—-4], but the majority of reports do not show any signif-
icantly increased risk [5-9]. The risk of a malignant lym-
phoma in patients with RA has been estimated at 1.9-6.7
times that in the general population [3, 4, 7, 9, 10]. Bae-
cklund et al. [11] reported that, in RA patients, the histo-
pathology of malignant lymphoma was B-cell in 78%, with
T—natural killer (NK)-cell in 5% and Hodgkin’s disease in
6%; 48% of the B-cell malignant lymphomas in RA
patients were identified as diffuse large B-cell lymphoma
(DLBCL) which is the most common form.

In addition, Baecklund et al. [11] studied the risk of
lymphoma in RA patients. They showed that the RA
patients with high disease activity and advanced stage had
a higher risk of lymphoma compared with controls. In their
study, the use of immunosuppressive drugs was kept to a
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minimum and they found no differences in the character-
istics of lymphoma complicated with RA between patients
treated with anti-cytokine agents and those treated with
other disease-modifying anti rheumatic drugs (DMARDS).
Moreover, Wolfe [12] reported that the risk of lymphoma
depended on the degree of activity of the RA disease itself,
and not on treatment with either MTX or prednisolone.
Therefore, it is necessary to consider whether patients with
RA with high disease activity have an associated risk of
complication with lymphoma. In our case, the patient
exhibited no joint distortion or swollen joints, and she did
not have high disease activity (stage II, class 1),

There are other reports related to MTX-induced lym-
phoma complicated with RA. Mariette et al. [13] reported
that in 27,000-30,000 RA patients during MTX treat-
ment, the standardized incidence ratio (SIR) of non-
Hodgkin’s lymphoma was 1.07 (95% confidence interval
[CI] 0.6-1.7). Wolfe et al. [10] reported that in 5,500 RA
patients during MTX treatment, the SIR of malignant
lymphoma was 1.7 (95% CI 0.9-3.2). They could not
prove any significant increases of malignant lymphoma in
RA patients treated with MTX. However, Kamel et al.
[10] reported that many spontaneous malignant lympho-
mas were attenuated only by stopping MTX treatment.
Harris et al. [15] proposed that the above cases of
malignant lymphoma should be termed methotrexate-
associated lymphoproliferative disorder (MTX-LPD).
However, the interrelationship between the duration of
treatment with MTX and the onset of LPD [13, 14] still
remains unclear. The histopathological characteristics of
MTX-LPD appear to be similar to those of DLBCL and
Hodgkin lymphoma/Hodgkin-like lymphoma. Of note,
EBV was detected in half of the MTX-LPD cases.

“Therefore, it is suggested that an MTX-induced immu-
nological deficiency state is closely associated with the
onset of MTX-LPD.

Recently, the risk of malignant lymphoma in patients
treated with biologics has been reported. Askling et al.
[16] and Wolfe et al. [17] reported that patients receiving
-anti-TNF antibody therapy had no significantly increased
risk of developing a malignant lymphoma. However,
according to the report of Geborek et al. [18], patients
receiving anti-TNF antibody therapy had a significantly
higher incidence of lymphoma, compared with patients
without anti-TNF antibody therapy. According to a met-
aanalysis of nine large-scale clinical trials associated with
RA patients, the risk of developing a malignant tumor
was ~3.3 times higher in RA patients than in controls
[19]. The use of TNF inhibitors in RA patients should be
carefully considered in light of the identification of these
agents as risk factors in lymphoma onset. However, the
risk of TNF inhibitor-induced onset of malignant lym-
phoma should be carefully considered because the

@ Springer

exacerbation of RA disease activity may itself be a risk
factor for the onset of lymphoma. Overseas clinical trials
suggest that adalimumab treatment may have caused two
cases of EBV. reactivation and 23 cases of malignant
lymphoma in 12,345 patients with RA, but the associa-
tions with EBV still remain unclear. Burmester et al. [20]
reported that the SIR of lymphoma in adalimumab-treated
patients was 1.09. It was a level similar to that in patients
with general articular rheumatism. Miyasaka et al. [21]
reported that there was no incidence of malignancy in
adalimumab-treated RA patients. Mariette et al. [22]
analyzed lymphomas in French RA patients treated with
anti-TNF agents from 2004 to 2006; there were 38 cases

-of lymphoma, 31 non-Hodgkin lymphomas (26 B-cell and

five T-cell), five Hodgkin lymphomas, and two Hodgkin-
like lymphomas. EBV was detected in both of the
Hodgkin-like lymphomas, three of the five Hodgkin
lymphomas, and one non-Hodgkin lymphoma. These

“authors reported that the risk of lymphoma was higher

with monoclonal-antibody therapy (infliximab and ada-
limumab) than with soluble-receptor therapy (etanercept).
Horiuchi et al. [23] reported that different effects of anti-
TNF agents on transmembrane TNF-alpha might at least
partly explain their different clinical efficacies. The
mechanism underlying lymphoma in patients treated with
a TNF inhibitor is still unknown. However, a direct action
of TNF or anti-TNF on B cells has been hypothesized, but
no increase in survival or apoptosis was found with TNF
or anti-TNF treatment [22, 24].

Our patient exhibited lymphadenopathy during ada-
limumab treatment 2 years after we had withdrawn MTX
treatment. In addition, the disease activity of RA was not
so high. Based on the high level of EBV DNA determi-
nation and positive EBER via immunostaining of the
tumor, we diagnosed this case as reactivation of EBV.
Monoclonal integration of EBV in the lymphoma was not
studied in our patient, and, although the likelihood of
MTX involvement cannot be excluded, the clinical course
and pathological results indicated that immunosuppres-
sion by adalimumab and the reactivation of EBV had
resulted in the development of immunodeficiency-asso-
ciated LPD. Of note, attenuation of infliximab-related
LPD associated with EBV has been reported in an RA -
patient after treatment with infliximab was stopped [25].
However, in our patient, the lymphoma was exacerbated
after adalimumab was stopped. The lymphoma in our
patient was associated with EBV reactivation. Therefore,
it is suggested that during treatment with a TNF inhibitor
and/or MTX, EBV activation should be monitored not
only by measuring EBV antibody but also by EBV DNA
determination.
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Elevated serum level of circulating syndecan-1 (CD138) in active
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Abstract

Objective: Systemic lupus erythematosus (SLE) is characterized by loss of B cell tolerance and by the presence of polyclonal B
cell activation. Syndecan-1 (CD138) is expressed on plasma cells derived from B cells, and is suspected to play a role in SLE.
We evaluated the level of soluble CD138 (sCD138) and cell surface expression of CD138 in patients with active SLE, and also

examined correlations among the serum levels of BAFF, a proliferation-inducing ligand (APRIL), and CD138 in these

patients.

Methods: Peripheral blood samples were obtained from 22 SLE patients in an active disease state and 14 normal controls.
‘The levels of serum sCD 138, sBAFF, and sAPRIL were measured using ELISA, and cell surface CD 138 was analyzed by flow
cytometry. The levels of CD138 mRINA were analyzed by RI-PCR. Blood samples were obtained longitudinally when the

patients were in an inactive disease state.

Results: The levels of circulating CD138, CD138 mRNA in PBMC, and the numbers of CD20~CD387CD138* plasma
cells were increased in patients with active SLE in comparison with normal controls. Furthermore, the serum sCD138 level in
SLE patients was found to correlate with the proportion of CD20~CD38*CD138" plasma cells. On the other hand, patients
with active SLE showed a reduced level of sCD138, and this was inversely correlated with the serum level of sSAPRIL.

Conclusions: These results suggest that sCD138 may be applicable as a surrogate marker of disease activity, and that
syndecan-1/APRIL signaling may be a potential therapeutic target for patients with active SLE.

Keywords: Systemic lupus erythematosus, sCD138, plasma cell, BAFFE, APRIL

Introduction

Systemic lupus erythematosus (SLE) is characterized by
loss of B cell tolerance and by the presence of polyclonal
B cell activation and autoantibody production [1].
Although plasma cells play an important role in the
pathogenesis of SLE through production of autoanti-
body, their function is not well understood.
A proliferation-inducing ligand (APRIL), a newly
identified member of the tumor necrosis factor (TNF)
ligand family, is a type II membrane binding protein of
250-amino acids [2]. APRIL is a close sequence homolog
of B-cell-activating factor belonging to the TNF family
(BAFF, also known as BLyS), also amember of the TNF
family [3]. ’

Originally, APRIL was reported to have a regulatory
role in tumor growth. APRIL binds to two of the three
BAFF receptors (B cell maturation antigen (BCMA)

and transmembrane activator and CAML. interactor
(TACD), and is considered to play aregulatoryrolein B
cell proliferation and contributes to plasma cell survival
{2,4]. Koyama et al. have detected an elevated serum
level of APRIL in patients with SLE, which is correlated
slightly with the level of anti-dsDNA antibody (Ab) [5].
Accordingly, APRIL- may enhance the longevity of
Ab-producing plasma cells in SLE patients.

Syndecan is a member of the integral membrane
heparin sulfate (HS) proteoglycan family [6]. Within
the bone marrow, syndecan-1 (CD138) is detected
solely on the cells of the B lymphocyte lineage, and its
expression changes at specific stages of differentiation.
Plasma cells, which are terminally differentiated B-line-
age cells, are effector cells that produce immunoglobu-
lins involved in the humoral response of adaptive
immunity. In mice, syndecan-1 is present on the surface

Correspondence: 8. Morimoto, Department of Internal Medicine and Rheumatology, Juntendo University School of Medicine, 2-1-1 Hongo,
Bunkyo-ku, Tokyo 113-8421, Japan. Tel: 81358021067 Fax: 81358004893, E-mail: morimoto@juntendo.ac.jp
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of pre-B cells, absent in mature B cells, and re-expressed
in plasma cells [7]. Previous studies have shown that
in patents with myeloma (plasma cell neoplasia),
syndecan-1 is shed from the surface of myeloma cells

" into serum [8]. Also, a recent study has demonstrated
very strong binding of APRIL, but not BAFF, to
syndecan-1 on the surface of primary multiple myeloma
cells [9].

In the present study, on the basis of these findings,
we investigated the serum levels of circulating CD138,
BAFF, and APRIL levels and analyzed correlation
between autoantibody production and these levels in
SLE patients.

Materials and methods
Patients and controls

Twenty-two patients with SLE who had been
admitted to Juntendo University Hospital in an
active disease state were recruited at the first
evaluation before treatment for this study. They
were subsequently evaluated longitudinally on a
second occasion as outpatients when their disease
was inactive. As shown in Table I, disease activity in
the SLE patients was assessed using the SLE disease
activity index (SLLEDAI) [10]. Informed consent was
obtained from the recruited subjects, and the study
was performed in accordance with the principles of
the Declaration of Helsinki. The clinical diagnosis in
all patients was made in accordance with the 1997
revised criteria of the American College of Rheu-
matology [11]. Age- and sex-matched volunteers
from among the clinical staff were recruited as
normal controls. The characteristics of the 22
patients at the time of enrollment are summarized
in Table 1.

FACS analysis

Fluorescein isothiocyanate-conjugated anti-CD138,
phycoerythrin-conjugated anti-CD20, and phycoery-
thrin/Cy5-conjugated anti-CID38 were purchased from
BD Biosciences (San Jose, CA, USA). Peripheral blood
mononuclear cells (PBMCs) were isolated from
heparinized venous blood by Ficoll density-gradient
centrifugation, and triple-stained with fluorescein
isothiocyanate-conjugated anti-CD138, phycoery-
thrin-conjugated anti-CD20, and phycoerythrin/Cy5-
conjugated anti-CD38. Flow cytometric analysis was
performed using FacStation (Becton Dickinson; CA,
USA) and the data were processed using the Cell Quest
program (Becton Dickinson).

Assay of human sCD138, sBAFE, and sAPRIL

Serum levels of soluble (s) CD138 (syndecan-1),
sBAFF, and sAPRIL were determined by sandwich
ELISA in accordance with the manufacturer’s
instructions. The kits used were Syndecan ELISA
from Abcam (Cambridge, UK; range 8—256 ng/ml),
BAFF ELISA from R&D Systems (Minneapolis, MN,
USA; range 62.5-4000 pg/ml), and APRIL ELISA
from Bender MedSystems (Vienna, Austria; range
0.78-50 ng/ml).

CD138 mRNA levels in peripheral blood

PBMCs were isolated from heparinized venous blood
by Ficoll density-gradient centrifugation, and total
RNA was isolated from 1X 10° PBMCs using an
RNeasy Mini kit (QIAGEN, Valencia, CA, USA).
RT reactions were undertaken using a High Capacity
cDNA Reverse Transcription Kit (Applied BioSystems,
Foster City, CA, USA) in accordance with the

Table I. Cumulative clinical features and clinical manifestations in SLE patients.

Clinical characteristics SLE (n = 22)
Female: Male ‘16:6
Age at the time of smdy;vmean (SD), years 34.4 = 14.1
Duration of disease; mean (SD), months 69.7 = 85.7
Period until the second evaluation; mean (SD), months 45 +7.3

First, evaluation Second, evaluation

SLEDALI score; mean (SD) range

Serological features; mean (SD) -~
anti-dsDNA Ab, (IU/ml)
CH50, (U/mi)

Medication; mean (#)
Prednisolone/daily dose, (mg)
AZA/daily dose, (mg)
Tacrolimus/daily dose, (mg)
CYA/daily dose, (ing)

IVCY, times

10.9 £ 5.9 (5-26) 3.8 = 1.7 (0-6)
97.8 = 107.6 245 +41.9
242+ 12.9 324 x 9.1

21.1* 135 (n=15) 14.6 £ 10.1 (n=21)

None 50 (n=3)
None 2(n=2=6)
None 75 (n=1)
None 6(n=1)

Notes: SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; AZA, Azathioprine; CYA, Cyclosporine; IVCY, Monthly pulse of

intravenous ‘cyclophosphamide.
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manufacturer’s protocol. Quantitative RT-PCR (Q-
PCR) was performed as described previously [12].
The sequences of the primers were as follows: CD138
sense: 5~-CTGGGCTGGAATCAGGAATA-3 and
anti-sense: 5-GTGACATTAAGGAGAAGCTGT-
GC-3/, B-actin sense: 5~-GGAGTTGAAGGTAGTT
TCGTGGA3 and anti-sense: 5-AGCACTGTGTT-
GGCGTACAG-3. ‘

PCR products were separated on 2% agarose gel
and stained with ethidium bromide. Levels of CD138
mRNA were normalized to B-actin for each sample.
Statistical analysis was performed using the Mann—
Whitney U-test and Pearson’s correlation coefficient.
- Statistical significance was defined as a P-value of
<0.05.

Resul;s

Initially, we examined the serum level of sCD138 in
patients with SLE and normal controls, and found
that it was significantly higher in the former than in the
latter (P < 0.05; Figure 1a). The serum sCD138 level '
was also significantly higher in patients with active
SLE than in those with inactive disease (Figure 1b).
In patients with SLE, the level of PBMC mRNA was
significantly increased (Figure lc,d), and the pro-
portion of CD20 CD38YCD138" plasma cells was
higher than that in the normal controls (SLE:
0.13 £ 0.17, NC: 0.04 = 0.04). Moreover, the popu-
lation of these cells was increased when SLE was
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active (Figure 2a). The serum sCD138 level in SLE
patients was correlated with the ratio of CD20~
CD38%7CD138* plasma cells (Figure 2b).

Next, we investigated the correlation between the
serum sCID138 level and disease activity measured in
terms of SLEDAI. As shown in Figure 3, there was a
significant correlation between these two parameters,
the serum sCD138 level being high when disease
activity was increased. However, we did not find any
significant correlation between the level of sCD138
and other markers of disease activity (anti-dsDNA Ab,
C3 and C4; data not shown).

In addition, we examined the correlation among
sCD138, sBAFF, and sAPRIL in SLE patients.
Although the level of sBAFF in the patients was
significantly higher than that in normal controls
(P < 0.05; Figure 4a), it showed no significant change
when the disease was inactive (Figure 4b). The serum
sAPRIL level in SLE patients also tended to be higher
than that in normal controls (Figure 4c), but was
found to be significantly decreased when the disease
was active (Figure 4d). When the patients were
divided into two groups, high (>50ng/ml) and low
(<50ng/ml), according to the level of sCD138,
patients with a high level of sCD138 had a significantly
lower level of sSAPRIL than those with a low sCD138

" level (Figure 4f). On the other hand, there was no

difference in the level of sSBAFF between these two
groups (Figure 4e).
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Figure 1. (A) The serum sCD138 level in SLE patients was significantly higher than that in normal controls (P < 0.05). (B) Correlation
between changes in the serum sCD138 level and changes in the level of disease activity between the first and second evaluations during
longitudinal follow-u p of SLE patients. (C) Expression of CID138 mRNA on PBMCs from SLE patients was significanily higher than thatin
normal controls (P < 0.05). (D) CD138 or B-actin samples (10 pl) were used as templates for RI-PCR. The products were separated on 2%
Tris-borate-EDTA agarose gels containing 0.5 pg/ml ethidium bromide and visualized under UV, SLE, systemic lupus erythematosus;

PBMC, peripheral blood mononuclear cell.
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Figure 2. (A) Surface CD138 expression on CD38" cells among peripheral CD20™ cells from patients with active or inactive SLE
and healthy controls, examined by flow cytometry. The populations of CD20~, CD38 high, and CD138% cells represent plasma cells.
(B) A significant correlation was found between sCD 138 and CD207, CD38 high, and CD138" plasma cells (P = 0.022, R = 0.483). SLE,

systemic lupus erythematosus.

Discussion

In this study, we showed that the serum level of
sCD138 was significantly higher in patients with
active SLE than that in patients with inactive disease.
Syndecan-1 (CD138), a member of the syndecan
family of cell surface transmembrane HS proteogly-
cans, is expressed on the surface of epithelial cells and
plasma cells [6]. Circulating soluble CD138
(sCD138), the intact domain of CD138, is constantly
shed from the cell surface [13], and a high level

150 -

100 - °

sCD138 (ng/ml)

30

SLEDAI

Figure 3. A significant correlation was found between the serum

level of sCD138 and disease activity measured in terms of SLEDAI

(P=0.027, R=0.337). SLE, systemic lupus erythematosus;
" SLEDAI SLE, disease activity index.

of sCD138 has been reported in patients with multiple
myeloma [14]. -

Thus, the presence of sCD138 in serum is the result
of expansion and activation of plasma cells. Accord-
ingly, the increased level of sCD138 in serum
observed in this study suggested that plasma cells are
more activated in patients with active SLE. In fact, we
showed that CD138 on the cell surface of PBMCs and
the expression of its mRNA were also significantly
increased in patients with active SLE, relative to
normal controls and patients with inactive disease.

Our study also revealed that, in SLE patients, a high
level of serum sCD138 was significantly correlated
with increased disease activity and a lower level of
serum sAPRIL, whereas it was not correlated with the
level of SBAFF. Zhang et al. reported that the serum
level of sSBAFF was higher in SLE patients than that in
normal controls, and was correlated with the titer of
anti-dsDNA Ab, although changes in the serum
sBAFF level were not correlated with changes in
disease activity in individual patients [15].

Stohl et al. also reported that the level of sSBAFF was
not correlated with changes in disease activity in
individual patients [16], and that the serum sAPRIL
level showed a significant inverse correlation with
serum anti-dsDNA Ab titer and clinical disease
activity [17]. Furthermore, Yan et al. reported that
APRIL bound mainly to TACI and acted as a negative
regulator of B cell activation [18]. In accordance with
these reports, our present results revealed that the
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(A) The serum sBAFF level in SLE patients was significantly higher than that in normal controls (P < 0.05). (B) Changes in serum

sBAFF level in relation to changes in the level of disease activity between the first and second evaluations during longirudinal follow-up of SLE

patients. (C) The serum sAPRIL level in SLE patients tended to be higher than that in normal controls. (D) Correlation between changes in

the serum level of SBAFF and changes in the disease activity between the first and second evaluations during longitudinal follow-up of SLE

patients. (E) Serum sBAFF levels were compared by dividing the patients into two groups on the basis of the sCD138 level: high (>50 ng/ml)

and low (<50 ng/ml). (F) Serum sAPRIL levels were compared by dividing the patients into two groups on the basis of the sCD 138 level: high
(>50ng/ml) and low (<50 ng/ml). SLE, systemic lupus erythematosus.

serum level of sBAFF was not correlated with SLE
disease activity, and that the serum sCD138 level was
inversely correlated with the level of sAPRIL.

With regard to the relationship between sCD138
and sAPRIL, syndecan-1 is known to be involved in
numerous interactions with extracellular matrix
proteins, ‘growth factors, chemokines, and adhesion
molecules through HS chains. Recent reports have
demonstrated that APRIL. can bind to HS chains, and
that this binding can be inhibited by heparin [19].
In this scenario, serum sAPRIL is captured by soluble
and membrane-bound syndecan-1 HS chains via the
lysine-rich region at the N terminal portion of APRIL.
This would explain why patients with active SLE
would have a high level of sCD138 but a significantly
lower level of SAPRIL. ‘ .

Our findings suggest that sCD138 would have
potential as a surrogate marker of disease activity, and
that syndecan-1 acts as a co-receptor for APRIL, thus
promoting activation of the APRIL/TACI and/or

BCMA pathway responsible for the production of
autoantibody. Accordingly, the syndecan-1/APRIL
signaling pathway could be a potental therapeutic
target for patients with active SLE.
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