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Abstract

Cancer-associated changes in cell surface carbohydrates. including meomplete synthesis of normal carbohydrate epitopes, strongly affect
malignant and metastatic potential. Here, we report that compensating for the cancer-nssociated loss of a single glycosyltransfernse, |41.4N-
acetylgalacic yl ferese T2, dr lly decreased cell surface exj 1on of both E-selectin ligands (sialyl Lewis® and sialyl Lewis®).
This modification was associated with elevated expression of the Sd* carbohydmte determinant, which is expressed in normal gastromntestinal
mucosa and 15 stnkingly downregulated in cancer tissues. Loss of E-selectin ligands resulted in decreased adhesion of cancer cells to activated

human endothehal cells in vitro and eventually suppressed metastatic potential i vive.

1% 2007 Elsevier BV, All rights reserved.

Aevwordy: Gasine cancer; Colon cancer. 5d°; Cad: Glycosyliransferase

1. Identification of a human gastric oxyntic mucosal
glycolipid as the Sd*/Cad blood group carbohydrate

“Incomplete synthesis™ and “neo-synthesis™ of carbohydrate
structures in cancer tissues are important in understanding
cancer-associated carbohydrate changes, as well as discovering
new tumor markers and cancer treatments [1].

While venfying “neo-synthesis™ of ganglioside GM2 in
gastric cancer tissues, we found a band in thin-layer chroma-
tography which was stained with anti-GM2 antibody but clearly
differed from GM2. This positive band was detected only in the
lipid extract from normal gastric nssue and never from cancer
nssue (Fig. 1A). We have purified this glycolipid from the
monosialosyl glycolipid fraction of the gastric mucosa resected
for peptic ulcer and analyzed it by proton nuclear resonance,
negative 1on fast atom bombardment mass-spectrometry,
enzymatic degradation and linkage analysis of permethylated
carbohydrates. The structure was determined as GalNAcfi1-4
(NeuAca2-3)Galfs 1-4GleNAcp 1-3Galj 1-4Gle-Cer, which was
identical to the glycolipid idemtified in Cad-positive or Sd*(+)

* Corresponding author. Tel.: +K1 3 3202 7IKIx2861; fax: +81 3 3202 7364
Email address: dohyan imey go jp ([ Dohi)

0304-4165/S - see front matter + 2007 Elsevier B.V. All nghts reserved.
doi: 10,1016/ bbagen. 2007 08.019

erythrocytes [2]. Cad is a rare erythrocyte blood group which
shows strong agglutination with a lectin Dolichos biflorus [3]
Anti-Sd” blood group sera react strongly with the Cad antigen.
The serological relationship between Sd* and Cad is extensively
described by Watkins [3]. Since this structure shares three
terminal sugars (GaINAcj 1-4(NeuAca2-3)Galjh 1-R) with gan-
ghoside GM2, it was detectable using monoclonal anti-GM2
antibodies. From clones of monoclonal antibodies, we selected a
few which reacted preferentially to the Cad/Sd® glycolipid for
use as anti-Sd* monoclonal antibodics. In contrast to the Cad/Sd”
glycolipid, the amount of GM2 was elevated m cancer tissues
[2]. Thus result suggested that the synthesis of Cad/Sd" and GM2
are unrelated. although they have the same nonreducing terminal
carbohydrate structure

We examined the presence of the Cad/Sd" glycolipid in
various gastrointestinal tissues, In the stomach, it was consis-
tently detected n the oxyntic mucosa, but not in antral mucosa.
intestinal metaplasia, atrophic mucosa, or any types of gastric
cancer (Fig. 1B and [4]). The small and large intestine express
Cad/Sd* glycolipid at lower levels than in the stomach, although
the Sd" determinant GalNAcj 1-4(NeuAca2-3)Galp 1-
4GIcNAc was reported to be abundantly expressed in the
colon as glycoproteins [5.6]. In summary, the Sd* determinant is
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Fig 1. Deteenon of the Cad/Sd* glyeolipid in the gastne mocosa (A) Acidic ghyenhipd fraction extrocted from 0] mig wet gastne muocosa tissue and gastric cancer was

antibody KMAY and FITC-labelled ann-mouse lpM

expressed abundantly in the gastrointestinal mucosa: as a glyco-
lipid 1n the stomach and as glycoproteins in the colon

To discover which oxyntic mucosa cells produced the Cad
Sd" pglycolipid. we separated epithelial cells from human
stomach using a Percoll gradient. Gastric epithelial cells were
grossly separated into three groups: a panetal cell nich fraction, a
chief cell-rich fraction and a mucous cell rich fraction. We
extracted glyeohipids from cach fraction and immunostaimed on
thin-layer chromatography with an anti-Sd" monoclonal anti-
h111_]_\
chief cell-rich fraction. The presence of this glycolipid in chief
cells was also confirmed histologically by double staining with
anti-Sd® and anti-pepsinogen antibodies [7]. The functional
significance of the Cad/Sd" glycolipid in chief cells 15 yet to be
imvestigated. However, its expression 1s notably limited in highly

The Cad/Sd" glycohpid was found concentrated in the

differentiated cells in the gastric axyntic mucosa, Indeed, the
glycolipid was not detected in any gastnic or colonie cancer
cell lines tested unless differentiation was artificially induced
Proliferation of the gastnie cancer cell line AZ521 was
suppressed by addition of the differentiation-induction reagent
dimentylformamide to the culture, concomitant with elevated
expression of the Cad/Sd” glycolipid [8]

2. Biosynthesis of the Sd* carbohydrate

To clanfy the mechanism of specific expression of the Sd”
determinant, we measured the enzymatic activity. The membrane
fraction from normal gastric mucosa was capable of synthesizing
the Cad/Sd® glycolipid from sialylparagloboside and UDP-
GalNAc. The acceptor specificity of this fraction was deter-
mined. It efficiently transferred GalNAc to NevAc2.3Lcd and
NeuAc2.3nled ina |41 —4 hnkage. but not to GM3 (Fig 2 and
[9]). Sunilar enzyme activity had been reported in guimea g
kidney [ 10]. human kidney [11], colon [12], and mouse T lym-
phocvtes [13], as a |3 1. 30aINAc-transterase that synthesizes the
Sd” carhohvdrate determinant (Sd*-GalNAcT). Using a mam-

ated with gh performance thin-layer chromatography solvent system was chloroform:methanol: 0
immunestnmng with anti-5d* monoclonal antibody KMo94. {B) Frozen sechions of human g

122

» Cal o water, 50:30:10 by volume) and subjected 1o

astre mueosa and caneer Hyssae were immunostained with moneclonal

malian expression cloning system, mouse cDNA for Sd-
GalNAcT was cloned [14]. Based on this information, we first
detected mRNA for human Sd"-GalNAcCT in the stomach, and
full length cDNA was cloned later [7.15]. The |41,4GalNACcT
enzyme activity was closely correlated to the levels of mRNA as
determined by quantitative reverse transcnptase (RT)-PCR. As
shown in the paired samples i Fig. 3,
strkingly decreased in all cancer tissue. in association with
harcly detectable mRNA levels, In the normal colon, 31,40l
NAcT activity showed a clear proximal—distal gradient as
2], Agamn, enzyme activity and mRNA

enzyme achwvity was

previously reported |1

6'-Sialyl lactoneotetraose
3'-Slalyl lactoneotetraose
3'-Sialyl lactoletraose

6'-Sialyl lactose

3'-Sialyl lactose
L] 1000 2000 3000 4000 SO00
pmol/n/mg protein
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(1] 5 0 15 20 2B/ 30 IS5
pmaliimg protain
Fig. 1 Substrate specficiry of [LLAGAINACT in human gastnic mucosa

Fluorescent pyndylaminated  oligosacchandes (upper panel) or glveolipds
anel) we

[l psedd a8 acceptors. [V AGaINACT activity was measured wath
high ure liguid chromatography or mdioactivity incomparation from LIDP-
ClGalNAC Detals given m [9)
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Fig 3 SdP-s] 4GalNACT ensyme activity and mRNA expression i pared
samples of gastric cancer cases. Intact mucosa and cancer tissue were obtamed
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pyridyl J-3'-sialy] lac . Total mRNA was also extrocted
from paired tissues and subjected 10 RT-PCR for Sd*(4 | 4GalNACT An inverted
photo of the el phoresis of PCR prod Is shown, Sd'-p | 4GalNACT

activity was below the detection limit in all cancer tissues

-
e i

levels were dramatically decreased n all colon cancers (Fig. 4).
Since RNA was extracted from macroscopic tumor masses,
involvement of normal cells in the tumor might result in the
detection of Sd*-GalNAcT mRNA in some cancer tissues. The
expression levels may not always correlate with enzyme activity,
probably because it was determined by qualitative, not
quantitative, RT-PCR, although we cannot exclude the possibil-
ity of the presence of another molecule that catalyzes the same
reaction. However, overall results showed that decreased
expression of the Sd*/Cad glycolipid in the stomach and the
Sd* glycoprotein in the colon 1s attributable to low transcription
levels of Sd*-1GalNACT.

In regards to specificity, Sd"-GalNAcT was able to form the
Sd" determinant on both type I and type Il carbohydrate chains.
These acceptor oligosaccharides were also precursors of sialyl
Lewis* and sialyl Lewis®, respectively (Fig. 5). Sialyl Lewis®
and sialyl Lewss® are synthesized by fucosyltransferase using

Kawamura | Biochimica et Biophysica Acta IT80 (20081 46771

469
NeuAca2-3Galf1-4(3)GicNAC-R

Fucal
GalNAc Fuc S

Wl\‘
NeuAco2-3GalB1-4(3)GIcNAc-R  NeuAca2-3Galp1-4(3)GIcNAC-R

Fig. 5. Synthetic pathway of Sd* and sialyl Lewis*” carbohydrate determinants.

same precursors as Sd"-31,4GalNAcT. They are expressed in
gastrointestinal cancer as cancer-associated antigens function-
ing as ligands for selectin that mediate cancer metastasis. The
expression of sialyl Lewis™/ determinants in cancer and the
postoperational prognosis of patients in various cancers arc
significantly comelated [15-18], Therefore, we next attempted
1o “normalize™ incomplete synthesis of the Sd* determinant by
introducing the Sd*-j3 1,4GalNAcT gene into gastric and colonic
cancer cell lines.

3. Elimination of selectin ligands by introduction of
Sd*-B1,4GalNACT

When the human gastric cancer cell line KATOIII and colon
cancer cell line HT29 were stably transfected by human Sd*-
[31.4GaINACT, cell surface expression of Sd” increased (Fig. 6A).
Transfection with Sd*-{31,4GalNAcT also caused an almost
complete loss of sialyl Lewis" and sialyl Lewis", Emergence of
the Sd* carbohydrate determinant and loss of sialyl Lewis® and
sialyl Lewis® were seen in both glycolipid and glycoprotein
fractions. as determined by flow cytometry (Fig. 6A), thin-layer
chromatography/immunostaining and Western blotting using
specific antibodies [7]. There was no difference in cell
proliferation or viability between mock and Sd*-41,4GaINAcT
transfectants. However, as expected, adhesion to endothelial cells
was altered. When human umbilical vein endothelial cells
(HUVEC) were activated with TNF-«, expression of E-selectin

L
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Fig 4 Sd%4 1 4GaINACT enzyme activity and mRNA expression n patred samples of colone cancer cases. Cancer tissue and adjacent intact mucosa were obtained

from the same resected colon, Intact ileal mucosa was also obtmned from two cases. SA°3 1 AGaINACT enzyme achivity was

1-3 sialyl-

| using pyrichl

lactoncotetranse. Total mENA was also extracted from paired tissues and subjected to RT-PCR for Sd*f11 4GaINACT. An inverted photo of the electrophoresis of PCR
products is shown, Sd™41 4GalNAcT activity was below the detection limit in all cancer tissues from cases 6, 10, 11, 12 and 13
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Fig. 6. Elmination of selectin ligands and reduction of sdhesion to HUVEC in gastromtestnal cancer cell hnes after introducing Sd*-GalNACT cDNA. (A) Gastrig
cancer cell line AZS21 or colon cancer cell line HT29 was ransfected with mocksplasmid (shaded histogram) or Sd'4 | 4GalNACT cDNA (open histogram) and
stmned with ann-Sd° monoclonal antibody KM694, anu-sialy] monoclonal anubody Lewis® KM231. or ant-sialyl Lewis® monoclonal anubody CA19-9, Surface
stuning was analyzed with Mlow cytometry. (B) Gastric cancer cell Tine KATO 111 or colon cancer cell line HT29 was transfecied with Sd*-j4 1, GalNAcT cDNA or
mock-plasmud. The cells were then labeled with Muorcseent dye and added 1o the culture containing TNFea-activated HUVEC. Afer incubation for 30 mun and
washing, microscopic photos in light field (upper pancls) and dark field {lower panels) were aken

is upregulated and the cells adhere to mock-transfected cancer
cells. In contrast, many fewer Sd*-f4 1 4GaINAcT transfected cells
adhere to HUVEC (Fig. 6). Since adhesion of activated HUVEC
to cancer cells is medated by E-selectin, sialyl Lewis®, and sialyl
Lewis®, induction of a single Sd*-131.4GalNAcT gene caused
dramatic changes in cell adhesion.

4. Inhibition of tumor metastasis

We next evaluated the effects on metastatic potential of

mtroducing the Sd"-[1.4GaINACT gene into gastromtestinal
cancer cells. When KATO 1l cells are injected mto the peritoneal
cavity of nude mice, they formed metastatic foct in 10 weeks in
the spleen, hiver, peritoncum, and seminal vesicles at anincidence
of 83% (10/12 mice). In contrast, Sd*-1 1 4GalNAcT transfected
cells did not form any visible metastasis (/13 mice). We also
examuned hematogenic metastasis of the colonic cancer cell hine
HT29 by counting tumor nodules 8 weeks after intrasplenic
njection. Metastatic nodules were seen 1n all mice injected with
maock-transfected cells, while only | out of 8 mice given Sd"-
31 4GalNAcT-ransfected HT29 cells developed liver tumors [7]
These results clearly show that the mntroduction of Sd"-
1, 4GaINACT efficiently inhibited tumor metastasis in vivo
Elimination of sialyl Lewis" and sialyl Lewis” has been an
important goal in the development of new cancer therapy, and
target molecules have been sought out for this purpose. How-
ever, biosynthesis of sialyl Lewis® and sialyl Lewis® involves
many glycosyltransferases, including several molecular species
of swmlyltransferases and fucosyltransferases. In spite of
extensive analyses for expression levels of these enzymes, the
precise mechamisms for up-regulation of sialyl Lewis™ and sialyl
Lewis® have not yet been determuined. In our study, we showed

that introducing a single glyvcosyltransferase resulted in the total
loss of both sialvl Lewis" and sialyl Lewis® epitopes in both
glycoproteins and glycolipids. Logically, this effect should be
expected in any types of cells expressing sialy] Lewis® and sialyl
Lewis®, irrespective of the underlying mechanism. Indeed, we
succeeded n eliminating sialyl Lewis™ in other gastrointestinal
cancer cell lines as well as in a human leukenma cell hine (our
unpublished data).

5. Perspectives

Tumor resection and irrachation therapy are imevitable manip-
ulations for cancer therapy. however, they may also increase the
nsk of tumor metastasis. Our approach using Sd*-A 1 4GalNAcT
may be beneficial to reduce the nsk of metastasis associated with
these interventions. Methods for safe and efficient gene delivery
are now under investigation in our laboratory.

The biological function and significance of the Sd*
carhbohydrate determinant 1s still unknown. A sccretory product
of renal tubules. Tamm-Horsfall (T-H) glycoprotein, is heavily
N-glycosylated and nich in the Sd” carbohydrate determinant. A
possible role has been reported for the T—H glycoprotein in
protecting the distal nephron from colomzation of type-S fim-
briated E. coli (which recognize NeuAca2,3Gal). As discussed
in this paper, the addition of GalNAc 10 «2,3NeuAcGal may
play a biological role by conformationally masking sialic acid
from lectin-type molecules that recognize a2, 3NeuAcGal. Inthe
colon, where a large amount of commensal flora colonize, Sd*-
31 4GaINAeT activity showed postnatal maturation [19]. This
result might indicate a role of the Sd* carbohydrate in epithelial—
bactenal interactions. On the other hand, knowledge about
molecules that recognize Sd° is currently very limited; this
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information is required to predict side effects when gene therapy
using Sd™-(1.4GalNACT is applied.

Another important issue is the mechanisms that control Sd"-
11.4GalNAcT gene expression. Previous work suggested that
epigenetic changes (such as histone deacetylation and/or DNA
methylation) are involved in the mechanism of disialyl Lewis®
loss and increased sialyl Lewis® expression in human colon
cancer [20]. It is possible that the Sd*-GalNAcT gene is also
silenced by hypermethylation in gastrointestinal cancers since
trearment of a colon cancer cell line with a DNA methylation
inhibitor (5-Aza-deoxycyndine) induced expression of the Sd*
carhohydrate determinant (our unpublished data). DNA hyper-
methylation takes place in inflammatory changes and silences a
group of genes. Thus, it is important whether the Sd*-GalNAcT
gene s methylated together with other genes representing a CpG
island hypermethylated phenotype. The status of Sd*-GalNAcT
in precancerous lesions associated with gastrointestinal inflam-
mation is also of great interest.
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SUMMARY: Necropsied lung tissues of three fatal cases with avian influenza A virus (H5N1) infection in
Vietnam were analyzed to detect HSN1 virus-infected cells. Formalin-fixed and paraffin-embedded lung tissue
sections showed typical histological features of diffuse alveolar damage (DAD) in all cases. Immunohisto-
chemistry for the influenza A virus nucleoprotein antigen revealed positive signals of bronchiolar and alveolar
epithelial cells in only one patient, who exhibited DAD with an exudative phase and died on the 6th day after onset.
However, no signal was detected in the other two cases of DAD with a proliferative phase. These patients died on
day 16 and day 17 after onset, respectively. HSN1 virus antigens were detected predominantly in epithelial cells in
terminal bronchioles and in alveoli, 1.e., type 1 and type 11 alveolar pneumocytes, and in alveolar macrophages.
The pathogenesis of exudative DAD caused by HSN| infection is discussed.

Highly pathogenic avian influenza A H5N 1 virus (HSN1)
infection has been reported to cause severe respiratory dis-
ease. In 1997, HSNI was first isolated in Hong Kong from
tracheal aspirates of a 3-year-old boy with a fatal respira-
tory illness (1-3). In 2003, human disease associated with
H5NI re-emerged (4). Since then, the numb:r of confirmed
fatal human H5NI-infected cases has increased and now
totals approximately 200 cases. These cases occurred, pre-
dominantly, in Vietnam, Thailand, and Indonesia (5-9). The
histopathological data for H5N1 virus infection in humans
were, however, limited (3,4,6,8,10-12), and the pathogenesis
of the disease remains unclear. Examination of ex vivo
mfected lung tissues showed that influenza A virus nucleo-
protein (InfA-NP) was detccted in pneumocytes and in alveo-
lar macrophages (13). Also the pattern of viral attachment in
human respiratory tract sections showed that HSN| attached
to the apical cell membrane of bronchiolar cells, type 11
pneumocytes and alveolar macrophages (14,15). The post-
mortem study of H5NI-infected patients has recently been
published for the first time (16).

In the present study, we describe the histopathological
findings from three fatal cases of HSN1 infection from the
National Hospital of Pediatrics in Hanoi, Vietnam. The detailed
clinical findings of Case | and Case 2 have been described
previously (5). On admission, all patients presented with
fever, cough, and dyspnea, and HSN 1 virus was detected in
tracheal fluids by reverse-transcriptase polymerase chain
reaction (RT-PCR) before death occurred. The duration of
the disease in Case 1, 6 days, was much shorter than in the
other two cases (Table 1). Small pieces of lung tissues in the

*Corresponding author: Mailing address: Chiba University Gradu-
ate School of Medicine, Inohana 1-8-1, Chuo-ku. Chiba 260-
8670, Japan. Tel: +81-43-221-0831, Fax: +81-43-221-0832, E-
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lower respiratory tract were necropsied and histological
and immunohistochemical examinations were camed out on
formalin-fixed and paraffin-embedded lung tissues.

The hematoxylin and eosin-stained lung sections of Case 1
demonstrated typical histological features of diffuse alveolar
damage (DAD) with an exudative phase (Fig. la). Eosinophilic
hyaline membrane was found on alveolar ducts and on alveoli.
The alveolar space was filled with proteinaceous exudates
containing erythrocytes, macrophages, and cell debris. The
alveolar septa were thickened by edema with mild inflamma-
tory infiltration, consisting of lymphocytes and macrophages.
In Cases 2 and 3, hyaline membrane formation was focally
found, and the proliferation of fibroblasts in the interstitial
space was marked in comparison to Case 1. Mild interstitial
inflammation and proliferation of type 1l pneumocytes with
bizarre and cuboidal features were observed (Fig. 1¢), indi-
cating that Cases 2 and 3 were in the proliferative (repair)
phase of DAD. Squamous cell metaplasia in the bronchiolar
epithelium was also observed (Fig. 1d). Focal accumulation
of neutrophils in the alveolar space was found in Case 3,
suggesting pulmonary bacterial infection. These histological
features were similar to those reported previously in fatal
human H5N1 influenza A virus-infected cases (4,8,10,11).

To detect the influenza A virus antigen, the sections were
immunostained with an avidin-biotin complex immuno-
peroxidase method (LSAB2 kitHRP/DAB; Dako Cytomation,
Copenhagen, Denmark) using a mouse monoclonal antibody
against InfA-NP (17). Positive signals for InfA-NP were de-
tected in 6 of 6 blocks of lung tissue from Case |, whereas they
were not found in those from Case 2 or 3. The signals were
found mainly in alveolar epithelial cells and in interstitial cells
(Fig. Ib). The many positive cells were interpreted as type II
pneumocytes and/or alveolar macrophages, but the positive
cell presented in the inset in Fig. 1b was considered to be a
type 1 pneumocyte based on its histological location and
morphology. HSN1-RNA was also detected by real-time RT-
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Table 1. Histopathological findings i the lung of HSN| fatal cases in Vietnam

Days from

Agely)

RT-PCR for HSNI

Immunohistochemistry for
InfA-NP antigen and
co-localization with cell
marker protems

RT-PCR for H5N
(paraffin-cmbedded

{tracheal Muds) %
sections of lung)

Case onset o Histalogy in lung sections
Sex
death

DAL with an exudative phase

K 1XF f Hyaline membrane formation
Hemmorhagic necrosis

2 5iM 17 DAD with a proliferative (repair) phase
Hyalime membrane formation
DAD with a proliferative (repair) phase

3 4M 16 Hyaline membrane formation

Microabscess

Positive for InfA-NP antigen.
Positive Positive undd colocalized with AEI/AE3,
EMA, SPA, SPD, CD6R, CDM

Positive Negative Negative for InfA-NP antigen

Positive Negative Negative for InfA-NP antigen

" Patient | in Ref(5)
4 Patient 2 in Rel (5)

M, male, F, female: DAD. diffuse alveolar damage: InfA-NP. influenza virus A nucleoprotein: EMA, epithelial membrane antigen: SPA. surfactant

protein A; SPD, surfactant protein D

Table 2. Antibudies used for double immunofluorescence staining

Antigen Antibody type Stamed cells Source
cytokeratin (AEI/AE3) mouse monoclonal  epithehial cell of bronchiole Dako
epithelial t gen (EMA)  mouse monoclonal  epithelial cell Dako
surfactant apoprotein A (SPA) mouse monoclonal — type Il alveolar pneamocyte Dako
surfactant apoprotein D (SPD) rabbit polyclonal type 1l alveolar pneumocyte Chemicon'
CD68 (KP1) mouse monocional  alveolar macrophage Dako
CD6R (PG-M1) mouse monoclonal alveolar macrophage Dako
CD34 mouse monoclonal  endothelinl cell Immunotech’
nfluenza A virus nucleoprotein mouse monoclonal influenza A virus infected cell in-house Ref (1T)
influenza A virus nucleoprotein rabbit polyclonal mfluenza A virus mfected cell in-house Ref. (17)

' Chemicon, Temecula, Calif, USA
** |mmunotech, Marseille, France

"

and ir

Fig 1. Hematoxylin and cosin =

hemi

3

try for influenza virus A nucleoprotein (InfA-NP) in Case |

(a) Hyaline membrane formation is observed on the alveolar walls. In the interstitial space, edema and mild inflammatory cell
infiltrates arc observed (Case 1), (b) InfA-NP antugens are detected in alveolar epithelial cells and in the interstinal space. InfA-
NP-positive, type | preumocyte 1s indicated i the mset. (¢) Mild mterstitial mflammation and proliferation of type [l pneumocytes
with bizarre and cuboidal features were ohserved (Case 1), (d) Squamous cell metaplasia in the bronchiolar epithelium was also

observed (Case 2). Scale bar ~ |00 tem

PCR in paraffin-embedded lung sections from Case | only (18).
In DAD with a proliferative phase, as in Cases 2 and 3, viral
antigens and nucleic acids were not detected.

To charactenize virus-infected cells, confocal laser scanning
microscopy was used to visualize double immunofluorescence
staining for InfA-NP and for cell-type specific marker pro-
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teins of epithelial cells, macrophages, and endothelial cells.
The antibodies used are shown in Table 2. Alexa Fluor 568-
conjugated anti-mouse or anti-rabbit 1gG (Molecular Probes,
Eugene, Oreg., USA) and Alexa Fluor 488-conjugated anti-
rabbit or anti-mouse 1gG (Molecular Probes) were used as
secondary antibodies. InfA-NP signals were detected most
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frequently in epithchal (EMA-positive) cells. They were also
detected in AEIVAE3, SPD. SPA, and CD6E-positive cells
(Fig. 2), indicating that HSN1 virus antigens were present

mza virus A nuc leoprotem (Inf A-NP) positine
MA Le), SPD O, CDOR yKpl ) (m.

ells, InfA-NP immu

DAR iPOM- g or t

predominantly in the epithehal cells in terminal bronchioles
and alveoli., mamly in type Il alveolar pneumocytes and in
alveolar macrophages. A lew H3INIT virus-infected type |
pneumocytes were also suggested by double-positive stain-
ing tor InfA-NP and tor EMA, in combination with distine-
tive morphology. Although the number was very few. the
InfA-NP signal was also detected in CD34-positive cells.
suggesting that the HSN| had infected some CD34-positive
endothelial cells. Further investigation will be necessary to
confirm the HSN infection of human endothehal cells, as
has been observed in the endothelial cells of chickens and
other birds ( 19). The localization of InfA-NP antigen within
the cell was determined by counterstaining with TO-PRO-3
nucleic acid staining (Molecular Probes). Some InfA-NP
signals were detected in nuclei (Fig. 3a) and others were
detected in the cytoplasm (Fig. 3b). Histologically, in the early
phase of infection, InfA-NP antigen was localized in the
nucleus, while in the late phase of infection, InfA-NP anti-
zen was localized in the cytoplasm (20). These observations
suggested that viruses were in the proliferauve stage in the
carly phase of H3NI infection. The histopathological data




are summarized in Table 1.

Avian influenza viruses have been found to preferentially
bind to sialic acid-@-2,3-Gal (SAa2-3)-linked oligosaccha-
rides, while human influenza viruses were found to bind to
SAa2-6-linked oligosaccharides (21), although these find-
ings were made in vitro or ex vivo experiments. As an in
vivo examination, we performed an analysis with the double-
staining technique using a monoclonal antibody against InfA-
NP in combination with either biotinylated Maackia amurensis
agglutinin (MAA) lectin (Vector Laboratories, Burlingame,
Calif., USA) which is specific for SAa2-3-linked oligosac-
charides, or with Sambucus nigra agglutinin (SNA) lectin
(EY Laboratories, San Mateo, Calif,, USA), which is specific
for SA @ 2-6-linked oligosacchanides. In the alveoli, many cells
were not stained by SNA lectin but were stained by MAA
lectin, suggesting that they express SA a 2-3-linked oligosac-
charides, as found in previous reports (21). Unexpectedly,
the InfA-NP-positive cells were not double-stained by MAA
lectin.

Although the materials were restricted to small pieces of
lung tissue in the lower respiratory tract, the evidence in the
present study showed that several types of cells in the lung,
namely type | and type I alveolar pneumocytes, epithelial
cells in terminal bronchioles, macrophages in the alveolar
space and CD34-positive endothelial cells in the interstitial
tissues, were involved in the disease. The evidence in Case 1,
the case with H5N1 infection who died on day 6 after onset,
strongly suggests that HSN 1 may infect the epithelial cells of
alveolar tissues in the early clinical phase and can thereafter
be transmitted to adjacent cells. The dissemination of infec-
tion among these cells was supposed to be accompanied by
the release of pro-inflammatory cytokines from the infected
alveolar macrophages (4,10,12), resulting in rapid progres-
sion from DAD with an exudative phase to that with a prolif-
erative phase.
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Abstract. It has been reported that the pharmacological characteristics of bisphosphonates vary
depending on the side chain attached to the carbon atom of the P-C-P bond. TRK-530 is a novel
synthetic bisphosphonate with an anti-oxidant methylthio-phenylthio side chain. This compound
has been suggested to have both anti-inflammatory and anti-bone-resorbing effects. Such a
compound could be effective for the treatment of diseases with excessive bone resorption
accompanied by inflammation. We have been studying this compound as a potential therapeutic
agent for periodontitis. To date, we have found that 1) TRK-530 inhibited osteoclastic bone
resorption in animals and in bone organ culture, 2) both systemic and topical administration of
TRK-530 prevented alveolar bone loss in animals with experimental periodontitis, 3) TRK-530
prevented prostaglandin E; synthesis by inhibiting the expression of cyclooxygenase (COX)-2
mRNA, and 4) TRK-530 inhibited the formation of dental calculus. The above results suggest

that TRK-530 might be useful for the treatment of alveolar bone loss in periodontitis.

Keywords: bisphosphonate, periodontitis, bone resorption, prostaglandin E;, dental calculus,

bone metabolism

Introduction

Bisphosphonates (BPs) are pyrophosphate analogs
that can suppress osteoclastic bone resorption. These
compounds are used in the treatment of metabolic bone
discases that arc associated with excessive bone resorp-
tion, including osteoporosis, Paget’s discase, and
cancer-related diseases such as hypercalcemia, multiple
myeloma, and bone metastases secondary to breast
cancer and prostate cancer (1). BPs possess a P-C-P
backbone, to which two side chains (R, and R;) are
attached. It has been reported that the pharmacological
characteristics of bisphosphonates vary depending on
the nature of the side chain (1 —5).

Disodium  dihydrogen-4-(methylthio)  phenylthio
methanebisphosphonate (TRK-530) is a novel synthetic
bisphosphonate with an anti-oxidant methylthio-
phenylthio group in the R; side chain (Fig. 1). This
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doi: 10,1254 /jphs FMO0OT0272

Ltains. tohoku. ac.jp

compound has been suggested to have both anti-bone-
resorbing and anti-inflammatory effects (6 — 8). Such a
compound could be effective for the treatment of
diseases with excessive bone resorption accompanied by
inflammation.
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Bisphosphonate Disadiam dibydrogen [4-{methy Ithin)

pheslthio] methsnchisphosphonate
ITRK-530)

Fig. 1. Chemical structure of disodium dibydrogen-4-(methylthio)
phenylthio methanebisphosphonate (TRK-530) and bisphosphonates.
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2 mgPlkg

10 mgP/kg

Fig. 2. Effect of subcutancous daily injection of TRK-530 (0, 0.4, 2.0, or 10 mg/kg per day) for 7 days on the bone mincral
density of tibial metaphysis in rats. Soft X-ray microradiographs (left panels) and their indexed-color images (right panels).

Periodontitis is one of the most frequent diseases in
dental clinics and is characterized by excessive bone
resorption and inflammation caused by plaque bacteria.
We have been studying TRK-530 as a potential thera-
peutic agent for periodontitis. This review briefly sum-
marizes the nature of this compound.

Inhibitory effect on bone resorption

When administered systemically, TRK-530 can n-
crease bone mineral density in various bones in a dose-
dependent fashion. Figure 2 shows soft X-ray micro-
radiographs of the tibial metaphysis from a normal rat
and from rats treated with TRK-530 (subcutancous
daily injection for 7 days). This compound, like other
bisphosphonates, can block the resorption of calcified
cartilage in the growth plate, subperiosteal bone, and
primary spongiosa in the metaphysis, leading to a radio-
logically more dense structure than normal and club-
shaped tibia with a decreased marrow cavity.

In organ culture of neonatal mouse calvaria, TRK-530
can inhibit bone resorption induced by various means. In
fact, the effects of all the stimulators of bone resorption
tested to date, including lipopolysaccharide (LPS),
prostaglandin E; (PGE:), interleukin (IL)-1£, and tumor
necrosie factdor (TNF)-a, which have been considered
to be important causal factors of alveolar bone loss in
periodontitis, have been dose-dependently prevented by
TRK-530. Figure 3 shows the effect of this compound
on LPS-induced bone resorption in cultured mouse
calvaria. In the presence of TRK-530, bone-resorbing
osteoclasts over resorption lacunae were smaller, the

a2

100
mm i

LPS & TRK-530 (25 uM)

Fig. 3. Laser scanning confocal microscopic images of neonatal
mouse calvaria cultured for 48h in the presence of LPS alone
{10 gg/ml) (upper panels) or in combination with TRK-530 (25 uM)
(lower panels), Calvaria was stained for TRACP activity. Lefi panels:
TRACP-positive osteoclasts and right pancls: Normarsky image of
corresponding site in the left panel. Arrows and arrowheads indicate
the edge of resorption lacunae and cytoplasmic vacuolization, respec-
tively
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control

sealing zone shown by intense tartrate-resistant acid
phosphatase (TRACP) staining was diffuse, and the size
and depth of resorption lacunae were reduced compared
with those m calvana cultured with LPS alone, These
findings suggest that TRK-530, like other bisphospho-
nates (9, 10), inhibits bone resorption by inhibiting the
function of osteoclasts.

Inhibitory effect on alveolar bone resorption in rats
with experimental periodontitis

Previous studies have suggested that administration of

BPs is effective for preventing alveolar bone loss in
experimental periodontitis (11 -14). We examined
whether topical administration of TRK-530 could
prevent alveolar bone loss in rats with experimental
periodontitis.

Elastic rings were placed around the cervix of the
right and left maxillary M, (first molar) to induce
inflammatory periodontitis. Fifty microliters of TRK-
530 solution (0—25 mM) was injected into the sub-
peritoneal paratal area adjacent to the interdental arca
between M, and M; (second molar) on cither the left or
right side (control or experimental side) on day 0, 2, 4,
and 6, The rats were killed on day 7. Microradiographic

and histological examinations revealed that placement of

the elastic ring induced severe vertical and horizontal
bone resorption on the control side, while the topical
administration of TRK-530 significantly prevented such
alveolar bone loss on the experimental side (Fig. 4). The
results suggest that administration of TRK-530 may be
cffective in preventing alveolar bone loss in vivo.

Inhibitory effect on the synthesis of PGE;

Since periodontitis is an inflammatory disease, it may
be desirable to have access to a compound that could
prevent inflammation in addition to bone resorption.
Previous studies have shown that TRK-530 can prevent
ral adjuvant arthritis that might be the resull of a
decrease in inflammatory cytokines such as TNF-a and
neutrophil chemoattractant (CINC)-1. A decrease in
serum sialic acid, a systemic parameter of inflammation,
has also been reported in TRK-530-treated animals
with adjuvant arthritis (7, 8). Based on these findings,
we have been studying the effect of this compound on
PGE; synthesis in organ culture of neonatal mouse
calvaria. Thus far, we have found that TRK-530 (0
125 uM) dose-dependently prevented a LPS-stimulated
increase in PGE; synthesis during culture (Fig. 5). The
expression of cyclooxygenase (COX)-2 mRNA and
COX-2 protein was also prevented. Since TRK-530 has
an anti-oxidant side chain (6) and can inhibit the genera-

lmm

TRK-530 (10 mM)

Fig. 4. Inhibitory effect of twopical TRK-530 on alveolar bone
loss in rats with expernimental periodontitis. Placement of an clastic
ring around the cervix of M; induced considerable recession of
periodontal tissues: severe vertical and horizontal resorption of bone
in the interdental arca between M, and M;, widening of periodontal
ligament space along the roots, and irregular increase in radiolucency
in the remaining alveolar bone were noted on the control side (upper
panel). In the alveolar bone on the experimental side, which was
injected with TRK-530 at 10 mM, these recessive changes were
prevented (lower panel). My, M;, and M,: The first, second, and third
molars, respectively

tion of superoxide anion that reacts with nitric oxide
(NO) to form peroxynitrite (ONOO"), which is known to
be a potent stimulator of COX-2 expression, the inhibi-
tion of PGE; synthesis by TRK-530 might be, at least in
part, due to the anti-oxidant nature of this compound.

Inhibitory effect on the formation of dental calculus

It is well known that a large amount of dental calculus,
especially subgingival calculus, may hamper the efficacy
of oral hygiene and thereby accelerate plaque formation,
the accumulation of which initiates the inflammatory
reaction in periodontal tissues that leads to periodontitis.
Since bisphosphonates strongly bind to calcium phos-
phate crystals and inhibit their growth and aggregation
(1), TRK-530 may have an anti-calculogenic effect in
addition to its anti-bone-resorbing and anti-inflam-
matory effects. Therefore, using rats that were fed a
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1. Control

2. LPS (10 pg/ml)

3. LPS+1 pM TRK-530

4. LPS+5 pM TRK-530

5. LPS+25 pM TRK-530

6. LPS+125 pM TRK-530

7. LPS+0.4 mM Indomethacin
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Fig. 5. Effect of (0 - 100 M) on the synthesis of PGE; by neonatal
mouse calvaria cultured for 72 h in the presence of LPS (10 ug/ml)

control

e

TRK-530 (1.5 mM)

Fig. 6. Inhibitory effect of TRK-530 in drinking water on the
formation of demtal calculus in rats fed a calculogenic diet for
4 werks,

calculogenic diet for 2 -4 weeks (15), we examined
whether this compound has such an effect. As expected,

TRK-530 inhibited dental calculus formation in a dose-
dependent fashion when it was given in drinking water
(Fig. 6) (16). However, subcutaneous injection of TRK-
530, at a dose that was assumed to correspond to the
maximum amount of this compound absorbed from the
intestine when rats received 1.5 mM TRK-530 in drink-
ing water, did not have any significant effect, suggesting
that the anticalculogenic effect of this compound was
topical rather than systemic.

Conclusion

In summary, the anti-bone-resorption, anti-inflam-
matory, and anti-calculogenic effects of TRK-530 sug-
gest that if an appropriate drug-delivery system can be
developed, this compound might be useful clinically as a
therapeutic agent for periodontitis.
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DEVELOPMENT AND  APPLICATION OF A SPECIFIC
MONOCLONAL ANTIBODY FOR THYROID CANCER

Michiko Watanabe', Hiroshi Takeyama®, Yoshinobu Manome',
'Department of Molecular Cell Biology, Department of Surgery, Jikei
University School of Medicine. 3-25-8 Nishishin-bashi, Minato—ku,
Tokyo 104-8461

Thyroid cancer has been diagnosed conventionally by fine needle
aspiration (FNA). However, even though the diagnostic accuracy of
FNA has increased, 20% of the cases still require further
investigation to determine if the lesion is benign or malignant. Other
diagnostic procedures such as echography, scintigraphy, and
CTscanning are of little help. Therefore, development of a more
accurate system is required. A monoclonal antibody, JT95, was
established by Takeyama, Watanabe and et a/, and it specifically
reacts to human thyroid cancer. The immunohistochemical
reactivity of JT95 was 96% to papillary carcinoma and 75% to
follicular carcinoma, but it showed hardly any reaction to normal
tissues. That specific reactivity on the 288 cases of thyroid cancer
was confirmed in 13 medical facilities. The efficacy was studied
under the jurisdiction of the Japanese Society of Thyroid Surgery.

This antibody recognized a glycoprotein containing sialic acid and
which had a molecular weight of 250 kD. Amino—acid sequencing
revealed that the antigen was glycosylated fibronectin. An
approximately half-sized, 105-kD tumor-related antigen was found
to be circulating in the body of the patients and was detected in the
blood by an immunoblot-assay. In the serodiagnosis using an
enzyme=linked immunosorbent assay, JT95 detected B0% of relapsed
or metastasized thyroid cancers. In contrast, the detection rate
was merely 51% in the primary patients. To improve the sensitivity
and enable precise guantification, we are currently attempting to
label the antibody with nano-particles. In  addition,
immunohistochemical investigation using the antibody contributes to
the understanding of tumor antigen distribution and biological
activities in thyroid diseases. Increased sensitivity of JT95 will
raise the potential for use of JT95 in diagnosis and treatment.
Monoclonal antibodies have become more important in both research
and clinical applications. We consider that clinical use of the JT95
antibody might be another therapeutic application,
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