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observation of KI.RGI binding to '"N-labeled EC-D1D2, a
series of 'H-'"N heteronuclear sequential quantum correlation
(HSQQ) spectra at 1:0 (EC-DID2/KLRGI, 70 a0 paD), 1:0.5
(70 um:35 wai), 11 (70 par70 um), and 1:2 (70 pael40 ps)
ratios were measured at 25 °C. All HSQC spectra were meas-
ured at 25°C and collected on 600-MHz spectrometers
{Bruker) equipped with crvoprobes. The collected data were
analyzed by NMRView. Chemical shift changes were detined by
the formula, (81" + (8:-,/5))/2)" (19).

Mutant Preparation—Alanine-scanning and D9UK muta-
genesis of EC-D1D2 were performed using a QuikChange
(Stratagene) kit with pET15bEC-D1D2(His10Xa) as the tem-
plate. All of the EC-D1D2 mutants accumulated as soluble pro-
tein and purified in the same manner as EC-D1D2(His10Xa).
SPR experiments for all mutants were performed in HBS-P
bufter with 3 mm EDTA.

Cell Lines and Reagents—Mouse thymoma cell line BW5147
and mouse NK cell line NK 03 expressing KLRG1, KLRG1-NKO3,
were prepared as described previously (5). The retrovirus vector,
pMXs-IRES-GFP. and retrovirus packaging cell line, Plat-E, were
kindly provided by T. Kitamura (University of Tokyo).

Culture supernatant from anti-mouse E-cadherin mono-
clonal antibody ECCD-2 hybridoma cells was kindly provided
by M. Takeichi (Institute of Physical and Chemical Research
CDB, Hyogo, Japan) and was used to assess E-cadherin expres-
sion. Goat F(ab'), fragment of anti-mouse IgG(H+L)-phyco-
erythrin (PE) was purchased from Beckman Coulter.

Expression of E-cadherin on BW5147 Cells by Retroviral
Transduction—DNA encoding the entire extracellular region
ot wild-type and mutant M. musculus E-cadherin was ligated
into the pMXs-IRES-GFP vector using Xhol and Notl restric-
tion enzyme sites to produce pMXs-WT mEC-IRES-GFP. These
vectors were transfected into retrovirus packaging Plat-E cells,
using Lipofectamine 2000 reagent (Invitrogen). Culture superna-
tants containing retrovirus were used to transduce BW5147
cells. BW5147 cells were stained with anti-mouse E-cadherin
antibody (ECCD-2) and goat F(ab'), fragment anti-mouse
IgG(H+L)-PE to confirm the cxpression of E-cadherin. Data
were acquired with a FACSCalibur system (BD Biosciences)
and analyzed with FlowJo software (TreeStar, Inc.).

KLRGI Tetramer Binding Assay—KLRG1 tetramer was
formed by incubating soluble biotinylated KLRG1 with PE-cou-
pled streptavidin, as previously reported (20). The concentra-
tion of KLRG1 tetramer used in the binding studies was 20
pg/ml. BW5147 cells expressing E-cadherin were incubated
with KI.RG1 tetramer or PE-coupled streptavidin i Hanks'
solution 2 (Nissui Pharmaceuticals) containing 0.1% bovine
serum albumin and 0.1% NaN, (fluorescence-activated cell
sorting buffer) and were then analyzed by FACSCalibur.

KLRGI Reporter Assay— The KLRGI reporter cell line was
established as described previously (5). The reporter cells
were stimulated by target cells expressing E-cadherin for
16 h at 37 "Cin 5% CO,, and then accumulated g-galactosid-
ase activity was determined by a colorimetric assay using
chlorophenol  red-B-p-galactopyranoside  (Wako  Pure
Chemicals) as substrate.

Killing Assay— The cytotoxicity of KERG1-cxpressing NKO3
cells against target cells expressing E-cadherin was examined
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using 6-carboxyl-succinimidyl-fluorescein ester (Dojindo) and
7-amino-actinomycin (Sigma). First, BW5147 cells expressing
E-cadherin were incubated with 6 um 6-carboxyl-succinimidyl-
fluorescein ester at room temperature for 5 min in the dark.
Afterward, 6-carboxyl-succinimidyl-fluorescein ester-labeled
target cells were incubated with effector KLRG1-expressing
NKO3 cells in the presence or absence of anti-KLRG1 3D4
F(ab’), in a CO, incubator for 6 h in the dark. The expression of
E-cadherin protected the target cells from killing by KLRG1-
expressing NKO3 cells, and the protection was reversed by
inhibiting the KLRG1-E-cadherin interaction with anti-KLRG1
3D4 F(ab'),. Then I pg/ml 7-amino-actinomycin was added to
the reaction solution, and cells were incubated on ice for 15
min. Data were collected using the FACSCalibur system and
analyzed on Flow]o.

RESULTS

Preparation of Recombinant Proteins—N-terminal domains
1 and 2 of M. musculus E-cadherin (residucs 1-221) with a
His,, tag, a spacer sequence, and a Factor Xa recognition site at
the N terminus were expressed in E. coli either as a soluble
protein or inclusion bodies. The soluble protein was purified
using Ni” " -nitrilotriacetic acid chromatography, and the inclu-
sion bodies were refolded by the standard dilution method. For
both proteins, the extra N-terminal amino acids were removed
with Factor Xa, resulting in the authentic N-terminal sequence
(Asp'-Trp*-Val’-) (designated as EC-D1D2). EC-DID2 was
further purified by ion exchange chromatography. A final yield
of 2—4 mg of purified EC-D1D2 was obtained from 1 liter of
culture, N-terminal domains 2 and 3 of M. musculus E-cad-
herin (designated as EC-D2D3; residues 109-332) was also
produced as inclusion bodies in E. coli and refolded by the
standard dilution method. The refolded protein was purified by
gel filtration chromatography.

Next, the extracellular region of M. musculus KLRG1 (resi-
dues 72-188) was expressed in E. coli as inclusion bodies.
KLRG1 was refolded by the dilution method, in a similar man-
ner as E-cadherin. The refolded protein was purified by gel
filtration chromatography (Fig. 1, A and B), and the final yield
was 1 mg of KLRG1 from 1 liter of culture.

Surface Plasmon Resonance Analysis of KLRGI-E-cadherin
Binding—To clarity the molecular interaction between KLRG1
and E-cadherin, we performed SPR analysis, using recombinant
E-cadherins EC-D1D2 and EC-D2D3. Recombinant E-cad-
herin variants EC-D1D2 and EC-D2D3 were injected over the
flow cells, in which biotinylated KL.LRG1 had been immobilized
at a level of 1,000 response units. As a negative control, biotin-
vlated bovine serum albumin was immobilized on one of the
flow cells, at a level similar to that of KLRG1. The response
derived from the negative control was subtracted from each
response derived from the recombinant E-cadherins. Fig. 1. C
and D, shows the conventional plots of these binding data. In
accordance with recent results showing that the deletion of
either domain 1 or 2 abolished reactivity in KLRGI reporter cell
assays (18), Fig. 1C indicates that KLRGI can bind to domains 1
and 2 of F-cadherin (EC-D1D2) but not to domains 2 and 3
(EC-D2D3). The KLRG1-FC-D1D2 interaction conforms to a
simple 1:1 (Langmuir) binding model, and its dissociation con-
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FIGURE 1. Binding analysis of KLRG1 to E-cadherin using SPR and AUC. A, gel filtration chromatogram of KLRG1 on HiLoad26/60 Superdex 75 pg (GE
Healthcare). The bars indicate the elution positions of the molecular mass markers (kDa). KLRG1 was eluted at the peakindicated by the black arrow. B, this peak
was analyzed by SDS-PAGE, which indicated that it contained KLRGT (indicated by the arrow on the right of the gel). Lane M contained protein markers with
standard molecular masses. C and D, binding of E-cadherin varianits to KLRG1.in the presence of 10 mm calcium chloride (C) and in the absence of calcium
chloride (D). Black squares and black circles indicate EC-D1D2 and EC-D2D3, respectively. KLRG1 was immobilized on research grade CM5 chips (BlAcore) at
1,000 response units (RU). E, analytical ultracentrifugation indicated that the molecular mass of the EC-D1D2-KLRG1 complex is 36 kDa and the binding affinity
is 9" s In the lower pdnel, the open circles show the actual values obtained in'this experiment; and the solid line indicates the fitted data based on the
monomer-monomer binding model. In the upper panel; the residuals derived from the fitted data are shown.
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D (Fig. 1, Cand D; summarized in sup- 2t
) e s plemental Table S1). These re-
E-cadnerin  DHVIPPISPENEKGEFPKNLVO IKSVROKETKVF (1o imily that KLRG1 binding
N-cadherin  DWVIPPINLPENSRGPFPQELVRIRSDRDKNLSLR g dependent on the N-terminal
R-cadherin  DWVIPPINVPENSRGPFPOOLVRINSDKDNDIPIR  domain of E-cadherin.
. . Characterization of the EC-D1D2-
" E-cadher in iﬁn’?ﬁmoxpws\ﬂ 1ERETGNLKWTorloRes  KLRGI Complex—The SPR data
N-cadher in  YEVTGHGADGPPTG I} INPI SGALISWTKALDREL ;2:1“:,‘1 that the Efilil?g‘?ml
Rroadnorin  VHITQNGADOPPHEVFWIOSKSGRONTRAMREE 7"t e performed
no R ws  AUC. Solutions of EC-DID2 and aQG
E-cadherin |IAKYILYSHAVSSNGEAVEGPME I TVIDONDNR  KI.RG1 were mixed at a molar ratio of
N-cadherin /ARFHLRAHAVDINGNQVENP IDIVINV|OMNDNR  1:1. The experimental data fit well to
R-cadher in WR”WWV ; mmlwim the monomer-monomer association
model (Fig. 1E). The estimated
molecular mass of the EC-D1D2-
C KLRG1 complex was 36 kDa, which
corresponds to the molecular mass
of a complex between monomeric
KLRG1 (13 kDa) and monomeric
EC-D1D2 (24 kDaj) (Fig. 1E). Further-
more, gel filtration analysis demon-
strated that, when EC-D1D2 and
KLRG1 were mixed under the same
conditions as for AUC, the complex
eluted at the position of the 1:1 com-
plex (data not shown). These results
provide clear evidence for the 1:
binding stoichiometry of the KLRG1-
E-cadherin interaction.
. NMR Analysis of EC-DID2 Bind-
: _— o e ; ety . . ing to KLRGI—Next, to identify the
Sﬁg?_‘ﬁsgémn ang}:?u;genes dﬁmﬁgﬁ;&%ﬁ :;;(l;:g: Kﬁ ;GH? g :ﬁ:ﬁﬁ:&%@;‘;ﬁgﬁ binding site of KLRG1 on EC-DID2,
purple (TyS. small open circié to the right of A}, >0.06ppm chernical shift change; green, <0.06 ppm chemical shift  We performed an NMR chemical
change; white, unassigned). The dotted line indicates the putative KLRG1 binding area. The surfaces of EC-D1D2(4)  shift perturbation study. 70 pm '°N-
and EC-D1 (B) are shown. €, mapping of the significant residues that showed no or reduced binding affinityonthe  p 1.4 EC-D1D2 was mixed with
structure of E-cadherin demaln 1. Tip2, colored orange, did not bind to KLRG1. Light orange coloring of the residues.
(VaP and Pro®) indicates that these mutations reduced the KLRG1 binding by 5- 6-fold, relative to the wildtype. Light  nonlabeled KLRG1 at concentra-
blue coloring indicates that the mutations of these residues, including the D90K mutation, did not affect KLRGT  tions of 0, 35,70, and 140" um.
binding. Yellow co/ormg of the residues (te” and Pro’) mdlgates that these mutations apohshgd KLRGt tetramer L ISN HS QC spect f the mixed
binding. All mutations of orange, light orange, and yellow residues abrogated KLRG1-mediated inhibition of NK cell pectra of the mixe
cytotoxic activity. D, amino acid sequence alignment of E-cadherin and other type | classical cadherins. The amino samples were ‘measured- (supple- zs1
s i ou e lgent e derie o € ety e hrctes how e postions e o menal Fig, 1. Chemical shi
complex formation in the HSQC spectra are boxed. changes were observed in the HSQC
spectrum: when unlabeled KLRG1
stant (K) was 7 um at 25°C in the presence of Ca®’. This bound to '*N-labeled EC-D1D2, as
affinity is within the range of K, values measured for other ~compared with the HSQC spectrum of free 'N-labeled
cell-cell recognition molecules (supplemental Table S1). Fur-  EC-D1D2. These chemical shift changes were saturated at 70
thermore, the KLRG1-E-cadherin interaction in the absence of M KLRG1, corresponding to a 1:1 binding stoichiometry. The
Ca?* exhibited a K, of 12 M, indicating that binding was inde- - amino acid residues whose HSQC peaks were largely shifted or
pendent of Ca®. Thus, Ca®*-induced reduction of interdomain - disappeared upon the complex formation are localized to the
flexibility does not have a significant effect on KLRG1 binding = N-terminal region of EC-D1D2, as depicted in Fig. 2, A and B. r2
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TABLE 1
SPR study of KLRG1 binding to wild-type and mutant E-cadherin

The ligand was KLRG1, and the analytes were EC-D1D2 mutants, including DS0K.
The values are means * range derived from two experiments. NB, no binding.

Analytes K,(25°C) Analytes K, (25°C)

pa nM
Wild type 12+ 30 K73A 55=07
DIA 19 + 0.0 175A 8.0+ 0.0
W2A NB Y77A 22+ 0.0
V3A 66 = 2.1 E89A 30 = 0.7
P6A 86 £ 9.2 D90K 20 = 2.1
N20A 14£07 P91A 8.6 % 0.2
F35A 7801 E93A 24+ 28
S37A 6.2+ 0.3 V95A 22+ 0.0
T39A 8.8+ 03 T97A 19+ 07
Q64A 13+07

This result indicates that KLRG1 can recognize the N-terminal
region of EC-D1D2. The opposite face of the N-terminal region
did not have any residues that showed large chemical shift
changes (Fig. 24).

Mutagenesis Mapping of the KLRGI Binding Site on E-cad-
herin by Tetramer Staining and Reporter Cell Assays—To con-
firm the results of the NMR binding study, alanine-scanning
mutagenesis was performed. The mutants of EC-D1D2, shown
in Table: 1, were prepared as described under “Experimental
Procedures.” SPR analysis using these mutants showed that the
W2A mutant cannot bind to KLRG1. In addition, both the V3A
and P6A mutants showed significantly reduced KLRG1 bind-
ing. All of these amino acids are in the N-terminal region of
E-cadherin (Fig. 2,C and D), consistént with the results of the
NMR analysis. The other mutants, including the D90K mutant,
bound to KLRG1 at levels comparable that of the wild-type
protein. The mutagenesis data are summarized in Table 1,

To further examine the KLRG1 binding sité on the N-termi-
nal region of E-¢adherin, KLRG1 tetramer binding to wild type
or a series of mutant E-cadherins (DI1A, W2A, V3A, [BA, and
P5A) expressed on the cell surface was examined by flow
cytometry (Fig. 34). BW5147 cells expressing wild-type or
mutant E-cadherin were generated by retroviral transduction,
and. E-cadherin expression was confirmed by anti-E-cadherin
staining with monoclonal antibody, ECCD2, as shown in sup-
plemental Fig.:S2.. PE-conjugated KLRG1 tetramer was. pre-
pared: as described under “Experimental Procedures.” The
W2A, V3A, 14A, and P5A mutants failed to bind the KLRG1
tetramer. These data indicate that KLRGI recognizes a rela-
tively large area of the N-terminal region of E-cadherin that is
responsible for homophilic: association, supporting: the idea
that KLRG1 can only bind to monomeric E-cadherin. Interest-
ingly, the D1A mutant E-cadherin bound to the KLRGI tet-
ramer at levels comparable with that of wild type (Fig. 34).

We next performed KLRGI reporter cell assays using the
KLRG1-expressing cellline BWZ.muKLRG1 and BW5147 cells
expressing * either ‘wild-type or mutant E-cadherins. The
BWZ.muKLRG1 cells express a chimeric receptor that has the
extracellular “and transmembrane  regions of KLRG1 and
the cytoplasmic region of mouse T cell receptor ¢ chain, which
can mediate the activating signal to induce interleukin-2 gene
expression. This cell line ‘also harbors a B-galactosidase
reporter gene under the control of the interleukin-2 promoter.
Thus, the E-cadherin binding to the chimera KLRG1 can stim-

6. JOURNAL OF BIOLOGICAL CHEMISTRY

ulate the B-galactosidase expression. The W2A, V3A, I4A, and
P5A E-cadherin mutants failed to induce pB-galactosidase
expression (Fig. 3B). In contrast, the wild-type and D1A E-cad-
herins induced the expression of B-galactosidase (Fig. 3B).
These results are consistent with the SPR and tetramer binding
experiments and indicate that the N-terminal region of E-cad-
herin plays an essential role in KLRG1l-mediated cellular
signaling.

Killing Assay Using KLRG 1-expressing NK Cells—T o investi-
gate how much the N-terminal mutations of E-cadherin affect
NK cell function, we performed NK cell cytotoxicity assays
using the KLRGl-expressing mouse NK cell line, NKO3.
BW5147 cells expressing wild-type or mutant E-cadherin were
used as target cells in the killing assays, which were performed
as described under “Experimental Procedures.” The expression
of wild-type E-cadherin protected target cells from killing by
KLRG1-expressing NKO3 cells. This protection was reversed in
the presence of the F(ab'), fragment of anti-KLRG1 antibody
3D4, which inhibits the KLRG1-E-cadherin interaction (Fig. 3,
Cand D). Target cells expressing wild-type E-cadherin did not
show any difference of killing by KLRG1-deficient NKO3 cells in
the presence or absence of the anti-KLRG1 3D4 F(ab'), (data
not shown). Similar data were obtained using cells expressing
the DIA mutant E-cadherin, consistent with the KLRG1-E-
cadherin binding and reporter cell assays. On the other hand,
target cells expressing the W2A, V3A; and 14A mutant E-cad-
herins were killed by KLRG1-expressing NKO3 cells at similar
levels both in the presence and absenice of the anti-KLRG1 3D4
E(ab'),. These results show that E-cadherin mutants that abro-
gate binding also abolish KLRG1-mediated inhibition of killing
by KLRG1-expressing NKO3 cells (Fig. 3, C and D). These
results indicate that the N-terminal amino acids of E-cadherin

<are critical for the KLRGI-mediated inhibition of NK cell

cytotoxicity,

DISCUSSION

E-cadherin is expressed mainly by epithelial cells and medi-
ates  Ca’*-dependent - cell-cell' adhesion. The 'N-terminal
regions. of cadherins are known to play an important role in
homotypic adhesion (14, 17). The N-terminal region of E-cad-
herin can adopt two conformations. In the intramolecular con-
formation, Trp? interacts with Glu®® and Met®”. In the inter-
molecular conformation, the N-terminal region can dock with
domain 1 of another cadherin to form an adhesive dimer, in
which strand exchange occurs (Fig. 4, left) (21). This study
shows that KLRGI recognizes a relatively broad area of the
N-terminal region of E-cadherin (Trp?=Pro®), which largely
overlaps with the strand-exchanged homodimer interface. In
addition, cells expressing E-cadherin mutants (W2A, V3A, 4A,
and P5A) could not interact with KLRGI tetramer or induce
intracellular signaling of KLRG1 reporter cell lines. Further, the
expression of the N-terminal mutant E-cadherins (W2A, V3A,
[4A) on target cells did not inhibit:the cytotoxic activity of
KLRG1-expressing NK cells. These: results 'demonstrate
that KLRG1 specifically ‘recognizes the strand-exchanged
homodimeric interface of E-cadherin, indicating that KLRG1
only binds to the monomeric form of E-cadherin, with an

VOLUME 284-NUMBER 77:2722? 72, 2009
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FIGURE 3. Effects of E-cadherin mutagenesis on KLRG1 tetramer binding, reporter cell assays, and
KLRG1-expressing NK cell killing assays. A, untransduced BW5147 cells or BW5147 cellstransduced with
wildtype or mutant E-cadherin (DTA, W2A, V3A, 14A, and P5A) were stained with KLRG1 tetramer (shaded
histograms)-or. PE-streptavidin (thin Jines). B; KLRG1 reporter cells were stimulated with the indicated
target cells for 16 h and assayed for B-galactosidase activity. The bars represent the relative activities.
C. KLRG1-éxpressing NKO3 cell killing assays against BW5147 cells expressing wild-type or mutant E-cad-
herins. The assays were performed in the presence or absence of the anti-KLRG1 3D4 F{ab’);. Represent-
ative data for wild:type, DA, and V3A E-cadherins are shown. D, bar (mean = 5.D.) indicates the differ-
ences of KLRG 1-expressing NKO3 cell cytotoxicity against target cells expressing the indicated E-cadherins
in the presence and absence of the anti-KLRG1:3D4 F(ab'},. The difference of target cells expressing
wild-type E-cadherin was set as 100%.
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exposed N-terminal region, to regu-
late immune function, such as NK
cell cytotoxicity.

In normal epithelial tissues, two
E-cadherin molecules interact with
cach other to form strand-cx-
changed homodimeric complexes
constituting adherent junctions, as
described above, and thus they are
not easily accessible to NK cells or T
cells (Fig. 4, left). However, E-cad-
herin may be exposed on the sur-
faces of disrupted or infected epi-
thelial cells. In turn, NK cells and T
cells can directly detect E-cadherin
by utilizing KLRGL, but this recog-
nition occurs in a more sophisti-
cated manner. Here, we show that
KLRG! recognizes the N-terminal
strand-exchanged ‘homodimer in-
terface of E-cadherin and thus can
only bind to the monomeric form to
inhibit: KLRGI-mediated = cytoto-
xicity. ‘This: monomeric form: is
thought to be expressed on abnor-
mal epithelial ‘tissues. Therefore,
NK cells and T cells'can’ mediate
suitable - inhibitory responses - via
KERGU binding to only monomeric
E-cadherin. - The  KLRG1-E-cad-
herin interaction is presumably safe
and efficient for  inhibiting the
excess funetional responses of NK

célls as well as those of the SLECs

(Fig. 4, right). This function is simi-
Iar to that of inhibitory costimula-
tory ‘molecules, such as CTLA4
{cytotoxic T-lymphocyte antigen 4).

The B integrin.  (CD103)
receptor also recognizes E-cadherin
(22). The aB- integrin is found on
intraepithelial lymphocytes, where
it mediates their adhesion to epithe-
lial ‘cells and enhances’ their: func-
tion (23). The «zB- integrin recog-
nizes the conserved. residue Glu™
and its surrounding area at the top
of E-cadherin domain 1 (supple-
mental Fig. $3).(23), adjacent to the
KLRG1 binding site. Thus, KLRG1
may physically interfere with oz,
integrin = binding.~ Although the
expression of KLRG1 in activated
intraepithelial lymphocytes has not
been  determined, if KLRG1 is
expressed simultaneously with a3,
integrin, it ‘may ‘inhibit excess
immune responses both by trans-
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normal cells

apithelial cell

E-cadherin

E-cadherin E-cadherin

disrupted cells

the lack of KLRG1-mediated inhib-
itory signals. On the other hand,
some tumors may exploit the
KLRG1-E-cadherin interaction to
their advantage. Such tumor cells
might initially down-regulate
E-cadherin to acquire motility and
metastatic potential but then re-ex-
press E-cadherin to establish adher-
ent metastatic foci and avoid
immune attack by NK cells and T
cells (24 -27). Therefore, the devel-
opment of inhibitors of KLRG1-E-
cadherin recognition is important
for eliminating these cancer cells.
Our results demonstrate that
KLRG1 recognizes the N-terminal
amino acids of monomeric E-cad-
herin domain 1, which are well con-
served in the type [ classical cad-
herins (Fig. 2D). In fact, KLRG1 can
also bind to the other type I classical
cadherins, peuronal and retinal (N-
and R-cadherins) (5); strongly sug-
‘gesting that the N:terminal amino
acids are a major determinant for
the KLRG1 binding. Therefore, the

activated
killer cells

¥ Inhibitory signal
¥ Activation signa

FIGURE 4. Predicted mechanism of Etadherm recaghition by KLRG‘I Top, schematxc fepresentatior: of a
normal adherens junction (left), comprising the homiodimeric interactions of E-cadherins (colored circles indi-
cate cadherin domains) and disrupted or infected tissues (right), which are recognized by NK o ¥ cells (large
green circle). Bottom, the strand-exchanged hemodimeric interactions of EC-D1 (black line, N-terminal strand;

N-terminal region may be a useful
template | for designing inhibitorsof
sthe KLRG1-E-cadherin interaction,

orange ball; Trp2; ordnge circle; EC-D1} are shown at the bottom left. KLRG1' (deep blue angular shapes),
expressed on NK or T cells, recognizes moriomeric E-cadherin on disfupted cells: The a3, integrin, shown
wi

pink circles, may be expressed on KLRGI expressm Jymphocytes to compete

signaling by. KLRG?.

ducing E-cadherin-mediated inhibitory signals and by compét-

ing for a,.B; integrin binding. Interestingly, o8, integrin can
bind’ to both monomeric and homodimeric = E-cadherin,
whereas KLRG1 binds only monomeric E-cadherin. This func-
tional difference may have a sophisticated potential to finely
modulate mucosal immunity. (24) as well'as NK and T cell
development/differentiation.

Several types of cancer cells express mutant E-cadherin. One
alteration of the E-cadhcrin gene is induced by the in-frame
skipping of either exon 8 or exon 9. Interestingly, these alter-

ations result in the deletion of either domain 2 or domain 3 of

E-cadherin and are reported to abolish KLRG1 binding (25).
However, our data suggest that the KLRG1 binding site is
located in' the N-terminal region, far from domains 2 and 3.
Thus, these mutations may indirectly disrupt the conformation
of the N:terminal region that is required for KLRG1 recogni-
tion. A definitive conclusion will require future investigations
of the structural characteristics of the E-cadherin mutants and
KLRG1 binding interaction.

The mutation: or: lack of E-cadhérin in some cancer cells
causes the loss of cell adhesion and the subsequent acquisition
of cellular motility, facilitating tumor metastasis. Such abnot-

mal cells may be susceptible to NK cells and T cells, because of

8 JOURNAL OF BIOLOGICAL CHEMISTRY

th E- cadhenn ) nding

KLRG1 cannot bind to the homodlmenc farm of E-cadherin but
rather binds to the monomeric form. The monomeric form of
E-cadherin is exposed on the adherens junction in special condi-
tions, such as damaged: epithelial tissues. Under these circum-
stances, it may serve as a target for KLRG1 recognition to mediate
inhibitory signals, raising the activation threshold of NK cells and
T cells and preventing excessive immune response.
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Immune cell surface receptors are directly involved in human diseases, and thus represent major drug
targets. However, it is generally difficult to obtain sufficient amounts of these receptors for biochemical
and structural studies because they often require posttranslational modifications, especially sugar mod-
ification. Recently, we have established a bacmid expression system for the baculovirus BmNPV, which
directly infects silkworms, an attractive host for the large-scale production of recombinant sugar-
modified proteins. Here we produced the human immune cell surface receptor, killer cell Ig-like receptor
2DL1 (KIR2DL1), by using the BmNPV bacmid expression system, in silkworms. By the direct injection of
the bacmid. DNA, the recombinant KIR2DL1 protein was efficiently expressed, secreted into body fluids,
and purified by Ni%* affinity column chromatography. We further optimized the expression conditions,
and the final yield: was 0.2 mgflarva. The sugar profiling revealed that the N-linked sugars of the purified
protein comprised very few components, two paucimannose-type oligosaccharides. Mano1-6Mang1-
4GIcNAcB1-4GIcNAc and Mano1-6Manp1-4GIcNAcB1-4(Fuca1-6)GIcNAc. This revealed that the protein
product was much: more homogeneous than the complex=sugar type product obtained by mammalian
cell expression. The surface plasmon resonance analysis demonstrated that the purified KIR2DL1 protein
exhibited specific binding to the HLA-Cw4 ligand. Moreover, the CD spectrum showed the proper second-
ary structure. These results clearly suggested that the sitkworm expression system is quite useful for the
expression of cell surface receptors that require posttransiational modifications, as well as for their struc-
tural and binding studies, due to the relatively homogeneous N-linked sugar modifications:

© 2009 Elsevier Inc. All rights reserved.

Introduction

system (BEVS) is quite useful for the preparation of such post-
translationally-modified recombinant proteins.

The cell surface receptors of immune cells: regulate various
biological functions via highly specific binding to' their cognate
ligands. Immune cell surface receptors tend to be directly involved
in immune-related: diseases, and thus they are one of the main
targets for drug design. Moreover, the soluble forms of such recep-
tors and their specific antibodies could become biopharmaceutical
drugs for immune regulation. However, it is presently difficult to
obtain sufficient amounts: of the immune cell surface receptors
for biochemical and structural studies, because they generally
require sugar modifications. The' baculovirus: expression’ vector

* Corresponding author. Fax: +81 92 642 6998.
E-mail address: kmaenaka-umin@umin.net (K. Maenaka),

0006-291X/$ - see: front matter:© 2009 Elsevier. Inc;'All rights reserved:
doi: 10.1016/j.bbr¢.2009.07.065

There are two types of baculoviruses currently utilized in BEVS,
One of them is Autographa: californica nuclear polyhedrosis: virus
{AcNPV), which can infect only Spodoptera frugiperda and Tricoplu-
sia ni; The ACNPV BEVS is widely used and commercially available.
The other is the Bombyx mori nuclear polyhedrosis virus (BmNPV),
which can only infect the silkworm and its cell lines. The BmNPV
BEVS using silkworms is one of the most suitable systems, because
silkworms, which produce extreme amounts of silk fibers contain-
ing fibroin, are very attractive as a protein-production factory. In-
deed, the protein expression using silkworms is 10~ to 100-fold
higher than that using B. mori cells. The conventionial BmNPV BEVS,
which requires a difficult, time-consuming plaque assay technique
to obtain the recombinant viruses, was successfully utilized for the
expression of interleukin receptors and interferon-o [ 1,2].
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The AcNPV BEVS employs a very useful bacmid DNA comprising
the baculoviral DNA genome with the Escherichia coli origin and
transposition sequences. Since the replication of bacmid DNA and
the transposition of the desired genes of the transfer vector onto
the bacmid DNA can occur in E. coli, the time-consuming prepara-
tion of recombinant viruses, as described above, is not required.
The BmNPV bacmid DNA, which we recently developed [3}, can
be mixed with a lipid reagent and directly injected into the silk-
worm for the infection. Therefore, this bacmid system for silk-
worms is quite useful and was long-awaited. Recently, using the
BmNPV bacmid-silkworm expression system, we successfully pro-
duced a human G-protein coupled’ receptor (GPCR), nociceptin
receptor, in the membranes of fat bodies as well as on the viral sur-
face {4].

Human killer cell Ig-like receptor 2DL1 (KIR2DL1) is an immune
cell surface receptor that is mainly expressed on natural killer (NK)
cells and some subsets of T cells [5-7]. KIR2DL1 recognizes the hu-
man major histocompatibility complex (MHC) class I molecule,
HLA-Cw4 (and its relatives) on target cells, and has inhibitory mo-
tifs (immunoreceptor tyrosine-based inhibitory motifs) to-sup-
press the immune responses of NK cells and T cells upon binding
to HLA-Cw4 [8-10]. Viral infection and tumorigenesis often reduce
the expression of MHCI to evade the T cell responses, in which T
cell receptors specifically recognize the unusual peptide displayed
by MHCIs for the activation. These cells exhibiting reduced or no

MHCI expression can potentially become susceptible to KIR-
expressing immune cells, because they lack KIR-mediated inhibi-
tory signals. Genetic analyses clearly demonstrated that the KIR
genes are associated with infectious diseases, autoimmune dis-
eases, and cancer |11,12]. The accumulated evidence has revealed
the physiological significance of KIR2DL1 in immurie regulation.
We now report the successful high-level expression of the
extracellular region of KIR2DL1, as a secreted protein in the body
fluid of silkworm larvae, using the BmNPV BEVS. We also estab-
lished a purification method for the secreted protein from the body
fluid, using His6-tag affinity chromatography. Furthermore, we
analyzed the sugar content of the purified protein, which revealed
that the protein harbored two kinds of paucimannose-type oligo-
saccharides, Manot1-6Manp1-4GlcNAcB1-4(Fuca1-6)GIcNAC™ and
Manot1-6Manp1-4GIcNAcB1-4GIcNAc. On the other hand, a previ-
ous report found that the IgG antibody expressed in silkworms
using’ our BmNPV: BEVS * exclusively - possessed two kinds: of
paucimannose-type  oligosaccharides, Mana1-6Manf1-4Glc
NAcp1-4(Fucal1-6)GlcNAc . and. Manal-6(Mano1-3)Manp1-4Glc
NAcp1-4(Fuca1-6)GIcNAc [13]. The major species was the same,
but the minor one was different. Structural and functional studies
of the purified KIR2DL1 protein were performed. The surface plas-
mon resonance analysis revealed that the protein bound to its HLA-
Cw4 ligand, and the CD spectrum indicated the correct folding.
Therefore, the BmNPV bacmid-silkworm expression system
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Fig. 1. {A) Construction of the recombinant BmNPV bacmid DNA and expression strategy using silkworm larvae. (B) Western blot analysis for detection of the expressed
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helper injection "

Silkworm

* exiraction
Body fluid

; Body fluid

100110 1102

H

H H
120 144.168 {120 1441120 1441120 144

H

Bacmid

(open arrowhead) expressed by the injection of BmNPV bacmid DNA or body fiid solution. NC, niegative control.




K. Sasaki et al./Biochemical and Biophysical Research Communications xxx (2009) xxx—-xxx 3

combined with the affinity-tag purification technique is quite use-
ful for the rapid and efficient production of cell surface antigens/
receptors, as secreted, soluble proteins.

Materials and methods

Construction of the BmNPV bacmid expressing KIR2DL1. The gene
encoding the extracellular region of KIR2ZDL1 was obtained by PCR,
using the following primers (forward, 5'-TTAGGATCCATGTCGC
TCTTGGTCGTCAGC-3'; reverse, 5-TTAGAATTCTTAATGATGATGAT
GATGATGGTGCAGGTGTCGGGGGTTACC-3') from. pKMATHNK1
[10]. The sequence encoding the hexahistidine tag was introduced
at the 5 end of the reverse primer for further purification. The
KIR2DL1 gene was inserted into the donor plasmid pFastBac1l. vec-
tor. The resultant plasmid was designated as pFastBac1/KIR2DL1.
Transposition was carried out by transforming the plasmid pFast-
Bac1/KIR2DL1 into BmDH10Bac cells {3}. White kanamycin- and
gentamycin-resistant colonies were selected, and then the BmNPV
bacmid, designated as BmNPV bacmid/KIR2DL1, was isolated.

Expression: of the: KIR2DL1 gene in-silkworm: larvae and protein
purification: We used the first day of fifth instar larvae for the injec-
tion or infection. Silkworm: larvae were directly injected with: the
BmNPV bacmid/KIR2DL1. The BmNPV bacmid/KIR2DL1 (1.0 pug)
was suspended in 3 pl of DMRIE-C reagent and the resultant mix-
ture was injected into the dorsal side of the larvae,

After the larvae were cultured for 144 h, the hemolymph was
collected and immediately combined with sodium thiosulfate.
The collected hemolymph was diluted in buffer A (20 mM: Tris-
HCl (pH 8.0), 100 mM NacCl). The recombinant proteins were puri-
fied by using Ni Sepharose 6 Fast Flow resin (GE Healthcare).

SDS-PAGE and Western blotting analysis. In order to perform so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis. (SDS~
PAGE), the eluted fractions were loaded on a 15-25% slab: gel,
and then stained with Coomassie brilliant blue. For Western
blotting, the proteins, separated by SDS-PAGE as described above,
were transferred: onto - a - polyvinylidene - difluoride . (PVDF)
membrane.; The: membrane was incubated in PBS-T containing a
1/1000 dilution of the penta-His antibody (Qiagen) and then incu-
bated with a horseradish peroxidase labeled mouse IgG antibody
(Amersham Biosciences, Piscataway, NJ). After washing with PBS-
T, the detection was carried out using an ECL Plus Western Blotting
Detection System (GE Healthcare).

Surface plasmon resonance (SPR) and circular dichroism spectros-
copy (CD). SPR'measurements were performed using a BlAcore
2000 instrument (GE Healthcare). As described in our previous re-
port [10], the HLA-Cw4 was immobilized, and the binding assay
was performed, using serial dilutions of the KIR2DL1 ranging from
0.06 to 30 uM: The CD spectra of a 7.2 pM solution of KIR2DL1
were measured with a Jasco-]. 720 spectropolarimeter:

Sugar digestion and profiling analysis. The KIR2DL1 protein: was
digested with either EndoH (New England Biolabs, MA, USA) or
PNGaseF (New England Biolabs) and then subjected to SDS-PAGE
to determine the existence of N-glycan and its EndoH sensitive
sugars. Furthermore, a detailed sugar composition analysis. was
performed by the method described in our previous reports [14-
16}, Briefly, the KIR2DL1: protein (0.3 mg) was proteolyzed with
chymotrypsin and trypsin mixture, and was further digested with
glycoamidase A to release N-glycans. After the removal of the pep-
tide materials; the reducing ends of the resultant N-glycans (PA-
oligosaccharides) were derivatized with: 2-aminopyridine (Wako,
Osaka, Japan). The PA-glycan mixture was separated by an octa-
decyl silica (ODS) column (Shimadzu, Kyoto), and the recorded elu-
tion time represents the glucose unit (GU) value. The individual
fractions were subjected to matrix-assisted laser desorption/ioni-

zation-time of flight mass spectrometry (MALDI-TOF-MS). The

identification of N-glycan structures was based on GU and mass
values in comparison to PA-glycans in the GALAXY database
(http://www glycoanalysis.info/galaxy2[ENG/systeminl.jsp) [17].
The N-glycans were confirmed by co-chromatography on the ODS
column.

Results

Expression of KIR2DL1 in silkworms by direct injection of its bacmid
DNA

First, we constructed the BmNPV bacmid/KIR2DL1, bearing the
gene encoding the extracellular region (residues 1-224) of the
human immune cell surface receptor, killer cell immunogiobulin-
like receptor (KIR) 2DL1; under the control of the polyhedrin pro-
moter and with a hexahistidine tag at the C-terminus (summarized
in Fig. 1A). The obtained bacmid DNA (0.3 ug) was directly injected
into the fifth instar silkworm body. Six days after the injection; the
body: hemolymph was: collected: and centrifuged at. 10,000g for
10'min, and 0.5l of the hemolymph was used for Western blot-
ting. The Western blotting analysis using the anti-pentahistidine

imidazole
A (mM)

Imidazole
(mM)

o o Q;“"bba
SRS

Fig." 2. Purification’ of the KIR2DL1 protein: from. the: hemolymph; The: proteins
eluted from the Ni?* affinity chromatography column. were separated. by 15-25%
gradient SDS-PAGE (A) and subjected to a Western blotting analysis: using an anti-
pentahistidine antibody (B). The open arrowhead: indicates the KIR2DL1: protein:
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antibody clearly showed that the recombinant KIR2DL1 protein
was expressed in the hemolymph of silkworm by the direct bacmid
DNA injection method (Fig. 1B). To optimize the expression condi-
tions of this system, different amounts of injected bacmid DNA
were examined, and the largest expression of the recombinant pro-
tein was obtained by injecting 1.0 pg of DNA.

Furthermore, the body fluid derived from the silkworm larvae
expressing the recombinant KIR2DL1 protein included a large

amount of recombinant baculovirus. Thus, in terms of experimen- .

tal cost and time to produce the protein, it is worth examining the
effectiveness of directly injecting the body fluid into other larvae.
The needles, which were briefly dipped into the body fluid solu-
tions at several diluted concentrations, were used to penetrate
the silkworm larvae, and the expression levels were evaluated by
Western blotting using an anti-pentahistidine antibody. As clearly
shown in Fig. 1C, even 100-times-diluted body fluid still exhibited
sufficient infectivity (also confirmed by Western blotting using an
anti-gp64 (BmNPV envelope protein) antibody) and conferred the
stable expression of a large amount of the KIR2DLI protein. There-
fore, the injection of the body fluid including the recombinant
viruses remarkably reduces both the:cost and time, as compared
with that of the bacmid DNA, which requires the DNA preparation
and the lipid reagent for the infection.

Day1§ Day2§ Day3
144 168! 144168 144 168

' Dayt Day2:: Day3
3\’:;’”“‘3“"”‘, 144 1681 144 168 144 168
B 140188

KDa) .~ i
(kDa) ¢ L e w%»»*‘
5 {

it i 5 o i

Purification from hemolymph

The hemolymph including the recombinant KIR2DL1 protein
was collected by using a needle to puncture the abdominal leg of
silkworm larvae, and sodium thiosulfate was immediately added
to prevent melanization. The hemolymph solution was subjected
to Ni%* affinity column chromatography for the purification. The
SDS-PAGE displayed a single band of about 30 kDa of the KIR2DL1
protein in the fractions eluted with 100 or 150 mM imidazole, and
the protein was further confirmed by Western blotting using an
anti-pentahistidine antibody (Fig. 2). For biochemical characteriza-
tions, the protein was further purified by anion-exchange chroma-
tography. The final yield was 0.2 mg of the purified protein from
one larva. Several larvae can easily produce mg quantities of the re-
combinant protein, and thus this system can achieve high-level
expression at a low cost and a short time period.

Characterization of the recombinant KIR2DL1 expressed in silkworms

For' the molecular characterization: of the KIR2DL1 protein
expressed in the hemolymph of silkworm, several biochemical anal-
yses were performed. To determine whether the recombinant pro-
tein was N-glycosylated, it was treated with EndoH or PNGase F,

B
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OMang1-4GIcNACB1-4GIcNAG

Fucat

b Manay
6
SManp14GIcNACR14GIcNAG
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Fig. 3. (A) KIR2DLY expressed ini silkworm has an EndoH insensitive N-glycan modification. The open arrowhead indicates the glycosylated KIR2DL1 protein, and the filled
arrowhead indicates the deglycosylated protein. (B) The structures of the PA-oligosaccharides obtained from the KIR2DL1 protein expressed. in: silkworm hemolymph.
Western blot analysis (C) and N-finked sugar profile (D) of the recombinant KIR2DL1 expressed at different injection and extraction times, Day 1 indicates the first day of fifth
instars. (C) The open arrowhead indicates the KIR2DL1 protein, and the filled arrowhead indicates gp64. (D) The structures of N-linked sugars were determined by HPLC and
MS, as'described under Materials-and methods. In (D), b" indicates epimerized b; which'is a byproduct obtained during the 2-aminopyridine derivatization reaction.
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which eliminate the N-linked sugars differently (PNGase F cleaves
any kind of N-linked sugar except for a-1,3-fucose-containing
glycans, while EndoH digests the high mannose and some hybrid
oligosaccharides of N-linked sugars). The PNGase F treatment
shifted the band of the KIR2DL1 protein to a lower position in the
SDS~PAGE gel, but the EndoH treatment did not (Fig. 3A). This result
indicated that the obtained protein was N-glycosylated, but its
N-linked sugars were not EndoH-sensitive. A further sugar composi-
tion analysis was performed, using a combination of HPLC and MS. It
revealed that the appended sugar of the protein consisted of only
two kinds of small paucimannose-type sugars, Mana1-6Manp1-
4GIcNACB1-4(Fuca1-6)GIcNAc and Mana1-6Manf1-4GIcNAcB1-
4GIcNAc (Fig. 3B). The former one was significantly predominant
(83-90%) over the latter (10-17%). Interestingly, the sugar composi-
tion of the paucimannose-type oligosaccharides was maintained
under the different expression conditions, in terms of the injection
times and expression levels (Fig: 3C=D). Although the sugar content
was slightly different from that of the previously reported IgG anti-
body [13], the relatively homogeneous and small sugar modifica-
tions seem potentially useful for structural studies.

Next,  we  analyzed the binding ability of the recombinant
KIR2DL1 protein to its ligand, HLA-Cw4, by surface plasmon reso-
nance (SPR). As:shown in Fig: 4, the purified KIR2DL1 specifically
recognized HLA-Cw4, with a K4 of 8.6 £ 0.69 1M, although no bind-
ing to HLA-A11 and BSA was observed. Furthermore, the CD spec-
tram - of - the KIR2DL1 protein : displayed : the: typical : B-sheet
secondary structure (data not shown), which corresponds to the
p-sandwich feature in the crystal structure of KIR2DL1[18]. Taken
together, these results clearly indicated: that the silkworm could
produce the KIR2DL1 protein with the proper structural and func-
tional features.

10004
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KIR2DL1 600
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Response unit (RU)

0 200 400 600
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Fig. 4. SPR binding analysis. Left: Schematic representation of the binding study
between the soluble. KIRZDL1' protein (cyan): expressed in: silkworm: and: the
immobilized HLA-Cw4 (orange and purple). Right: Equilibrium binding of KIR2DL1
t6 immobilized HLA-Cw4, The KIR2DL1 solution was injected for 30 s through flow
cell 1 with control (BSA, dotted line); flow cell 2 with HLA-A11 (gray line) and flow
cell 3. with HLA-Cw4 (solid' line), Plots of the equilibrium’ binding résponses of
KIR2DL1 versus concentration, The solid line represents direct nonlinear fits of the
1:1 Langmuir binding isoform to the data; RU, response units. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version
of this paper.)

Discussion

Immune cell surface receptors are highly glycosylated, and
thus it is often difficult to express sufficient amounts of the
recombinant proteins. Therefore, an expression system that is
easy-to-use and produces a high expression level of post-
translationally-modified receptors has been eagerly awaited. Here,
we report the successful expression of human killer cell Ig-like
receptor 2DL1 by a simple and rapid method combining silkworm
expression with the direct injection of the BmNPV bacmid DNA.

The silkworm is a very attractive host for protein production, for
the following reasons: (1) simple feeding and low cost: large-scale
and time-consuming cell cultivation is not necessary, (2) only a
few pieces of indispensable equipment are needed: essentially
one incubator: for breeding silkworms, (3) high-level protein
expression: the very strong polyhedrin promoter and the high
expression state are ready for producing silk proteins (fibroins),
and (4) the intramolecular disulfide bond formation and the post-
translational modifications are similar to those in mammals. In-
deed; the present study demonstrated that only a few silkworm
larvae (costing only ~20 US dollars) are sufficient to produce
~mg order of immune cell surface receptors.

On the other hand, the BmNPV baculovirus bacmid system:[3]
also has some remarkable advantages: (1) it is directly applicable
to silkworm expression: the commercially available A. californica
nucleopolyhedrovirus (AcNPV) BEVS normally requires the large-
scale cultivation of insect cell lines, (2) it is an easy and quick
method: it ‘requires: only: bacmid ‘DNA; which: can: replicate in
E. coli and thus the site-specific transposition for introducing the
target gene into bacmid DNA can be done in E. coli, while in con-
trast, a high-titer recombinant virus together with proficient and
time-consuming. virus-handling techniques are necessary for
AcNPV BEVS, (3) high biohazard safety; the bacmid DNA itself lacks
infective activity (only gene transfer ability) and the baculoviruses
are not infectious to. mammalian cells.

Here; using: the above-mentioned BmNPV bacmid-silkworm
expression system [3], the recombinant KIR2DL1 protein was pro-
duced in body fluid only 5-7 days after the injection of DNA into
silkworms.: The obtained body fluid was applied to-a Ni* affinity
column for purification, and 0.2 mg of the highly purified protein
could be obtained from one larva. Furthermore, the recombinant
baculoviruses, which are easily purified from the body fluid by
simple ultracentrifugation steps, could be directly injected into
other larvae to stably produce the KIR2DL1 protein (Fig. 1C). This
technique is quite useful for the significant reduction of both cost
and time: Finally, the standard method for silkworm: expression
and  purification - of recombinant cell “surface receptors was
established.

The sugar modifications are often important for functional and
structural analyses, as well as for practical applications. The previous
report of the silkworm' expression of mouse: interferon-p. demon-
strated - that  the' expressed protein harbored variable: sets of
paucimannose-type  N-linked sugars, including Mano1-6Manp1-
4GIcNAcB1-4GIcNAC: (6.4%) ‘and Manoa1-6{Mana1-3)Manp1-4Glc
NAcB1-4(Fuca1-6)GIcNAc (1.1%) [19]. These paucimannose-type
sugars are possibly derived from GlcNAcMan5GIcNAc2 by the man-
nosidase-mediated excision of a-linked mannosy! residues, fol-
lowed. by the GlcNAcase-mediated  deletion of a p-1,2-linked
terminal GlcNAc residue [20]. In contrast, in the BmNPV bacmid-
sitkworm- expression system, the N-linked sugar composition of
the expressed KIR2DL1 protein solely comprised two kinds of small
paucimannose-type oligosaccharides, Mano1-6Mang1-4GIcNAcB1-
4(Fuca1-6)GIcNAc - (83-90%): and - Mana1-6Manf1-4GIcNAcp1-
4GIcNAc (10-17%). Similarly, the previous report of IgG expressed
by the same systemrevealed that thelgG protein harbored two sugar
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types, Mano1-6Manp1-4GlcNAcB1-4(Fuca1-6)GIcNAc (77.5%) and
Manat1-6(Manai1-3)Manp1-4GlcNAcB1-4(Fuca1-6)GIcNAc (12.7%)
[13]. The major one, Mano1-6Manp1-4GIcNAcp1-4(Fucal-6)Glc
NAc, was maintained in the expression of different proteins, and thus
basically small N-linked paucimannose-type sugars were preferable,
even though some composition differences were observed. Further-
more, the. BmNPV bacmid-silkworm expression did not show any
detectable differences in the sugar modifications under various con-
ditions (Fig. 3D). These small and relatively homogeneous N-linked
sugar modifications in the BmNPV bacmid-silkworm expression sys-
tem have the potential to be applicable to structural and biochemical
studies of immune cell surface receptors.

Taken together, this large-scale and rapid BmNPV bacmid-silk-
worm. production system. will be. quite useful for future high
throughput drug screening as well as for functional and structural
studies of human immune cell surface receptors.
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Abstract. The. prognosis of lupus nephritis. (LN) was
studied retrospectively in two LN categories, LN mani-
fested initially at: systemic  lupus erythematosus: (SLE)
onset (I-LN) and LN of delayed manifestation after SLE
onset (D-LN); based on a chart review (C) of 154 SLE (85
LN) patients with a mean observation of 20.8 + 9.3 years
and a questionnaire study (Q) of 125 LN patients outside
our hospital with mean observation of 17.6. % 9.2 years: In
both study groups, half of I-LN patients were relapse-free
by Kaplan-Meier analysis after initial therapy, and: the
relapsed I-LN patients responded to retherapy at higher
S-year relapse-fiee. rates than those of patients. receiving
initial ‘therapies for D-LN. At last observation, a higher
frequency: of prolonged remission was shown: in I-LN
compared with D-LN patients (C: 22/31, 71%: versus 14/49;
29%; P< 0.01l; Q:; 65/89. 73% -versus: 11/33, :33%
P <0.01) and also: a higher frequency of irreversible renal
damage in D-LN compared with I-LN patients (C: 25/49,
51% versus 2/31, 6%, P < 0.001; Q: 14/33, 42%: versus
6/89,. 7%.: P-< 0.001), although class IV pathology :was
common in patients (C) in both LN categories. Onset time
of lupus nephritis in the course of SLE: may affect renal
prognosis:
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Introduction

Systemic: lupus erythematosus (SLE) is a multiple-organ
disease, and: lupus: nephritis (LN) is a major . clinical
problem because of its high morbidity and mortality rates.
In. accordance  with: the chronic nature of :SLE, renal
symptoms..can manifest at various. times in the disease
course, and a:physician cannot predict the future devel-
opment of LN at the time of SLE onset. Furthermore, it is
unclear whether there is a difference in: prognosis between
LN manifested at the onset of SLE and LN developed later
in the course of SLE, because the clinical significance of
time of LN onset in the disease course of SLE has not been
clearly described in: the literature, to our knowledge.
Accordingly, in recent clinical trials on therapies: for LN
including: cyclophosphamide and mycophenolate mofetil,
mixtures of cases having various time intervals between
SLE onset and LN onset have been studied [1, 2]. Although
a prognostic impact of renal pathology and a poor prog-
nosis of class IV disease have been established in LN based
on:the World Health Organization' (WHO) classification
[3-5] and more recent criteria [3, 6, 7], a later progression
or transformation of the pathology cannot necessarily be
predicted at the time of the initial biopsy [8. 9]

In our preliminary chart review, we found that.-numerous
cases of remitted SLE had class IV LN at SLE onset. On
the other hand, irreversible renal damage was precipitated
in patients. who initially showed no renal symptoms but
later developed LN with various renal pathologies, and the
LN of later development was never a case of senile-onset
LN. Thus we undertook to study the possible relationship

@ Springer



294

Mod Rheumatol (2009) 19:293-301

between renal prognosis and the time of the initial renal
manifestation in the course of SLE. The study consisted of
two parts: a chart review in our institute and a replication
study to reconfirm the results of the chart review using a
questionnaire administered to LN patients outside our
hospital.

Patients and methods
Chart review for patients with SLE

Hospital records of the International Medical Center of
Japan were reviewed for patients with SLE having a dis-
ease duration of 5 years or more. SLE was diagnosed
according to the classification criteria of the American
College of Rheumatology [10]. The clinical information on
154 patients with SLE (139 females and 15 males) with
mean age of 48.9 + 12.6 (median 48) years at the last
observation was available for studying the entire disease
course, including 436 major therapeutic interventions for
SLE and 22 deaths during 3,189 person-years or mean
observation period of 20.7 £ 9.3 years. At the time of the
present study, 85 patients (80 females and 5 males) had
LN, ‘and 28 of these had irreversible renal dysfunction,
including 15 patients on hemodialysis therapy.

Onset age, relapse ages, therapeutic doses if available,
renal pathology data if any, and disease status after therapy
and ‘at the last observation in‘each patient were serially
input in our database for SLE patients. The definition of
relapse will be provided in “Results”. Minor dose increases
during steroid therapy for mild activities of SLE were
not analyzed. Chronological profiles of the onsets and
relapses of LN or extrarenal SLE flares were analyzed
statistically with Stata 9.0 (Stata Corp., College Station,
TX, USA).

Questionnaire study for patients with LN

To reconfirm. the results of the chart review study in
another LN patient group, we undertook a questionnaire
study of SLE patients outside our hospital and collected
individual data on LN with a SLE duration of 5 years or
more. The questionnaire included ages at all of the hospi-
talizations due to SLE and/or LN from onset to the present
time, daily doses of steroid (number of 5 mg prednisolone
tablets) before and at the start of therapeutic interventions,
combined use of intravenous pulse steroid or cyclophos-
phamide, and renal status at each hospitalization and at the
present time. Renal status, which was based on the infor-
mation from an attendant doctor ‘to ‘each patient, was
expressed in terms of urine protein (negative, positive,
nephrotic, or 1+ to 4-+), data of serum creatinine levels if

@_ Springer

available, and clinical categories including no abnormali-
ties, mild persistent renal disease, nephrotic syndrome,
renal dysfunction or on hemodialysis.

The ethics committee of our hospital approved the
present study. A questionnaire sheet including a description
of the aim of our study was inserted once in the Journal of
Patients’ Association of Collagen Diseases in Japan, which
was subscribed to by more than 5,000 patients, inciuding
approximately 3,000 patients with SLE. An anonymous
letter in reply (datasheet) sent to the board of the above
Patients” Association with a completed questionnaire was
regarded as informed consent to enter the present study.
We received a set of the copied datasheets from the board,
which preserved the original sheets.

After removing approximately 50 cases with insufficient
information in the datasheets, 7 cases having SLE without
LN, and 10 cases of SLE with less than 5 years’ duration,
we recognized 125 datasheets that contained a sufficient
description of LN.: The filling of a datasheet and voluntary
mailing ‘might have resulted in a strong bias: toward
selecting - informative repliers  from - among ' thousands of
patients; The 125 patients were characterized by excellent
medical compliance and were thought to have preserved
written records on their own diseases.

The studied patients

Mean age of the 125 patients (121 females and 4 males) in
the = present = study- was = 46.5 %+ 12.5 years  (median
46 years). A total of 331 hospitalizations because of ther-
apy for SLE were mentioned during 2,200 person-years, or
mean observation period of 17.6 + 9.2 years. Chronolog-
ical ‘profiles” of - the relapses of “LN - were - analyzed
statistically with Stata 9.0 similarly to the analysis of the
chart review study. Renal pathology in accordance with the
WHO classification was mentioned in only 19 datasheets
and was not analyzed.

In our SLE database, a whole chronological profile of
each patient including all of the hospitalizations from onset
to- the last observation was specific to' one subject like a
fingerprint, and no overlapping cases were found by com-
puter analysis.

Results

Definitions of initial-onset LN and delayed-onset LN
in the course of SLE

In both the chart review and the questionnaire study, some of
the patients had been observed with no or:low-dose steroid
therapy for their mild SLE conditions during the early dis-
ease course, and the initial urine proteins were documented
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as negative in most of these patients or unknown in some of
the referral patients, except in a small number of patients who
received no therapy for their positive renal symptoms.

In the present study, we defined a SLE relapse as hos-
pitalization in order to treat SLE after previous SLE
conditions have subsided in response to treatment during
hospitalization. In a small number of cases, initial steroid
therapy with 20 mg/day or more of prednisolone equiva-
lent was started at an outpatient clinic, and we classified the
therapy as “treatment under hospitalization” for simplicity
in the present text. We further defined “initial-onset LN”
and “delayed-onset LN” as follows.

Initial-onset LN (I-LN)

I-LN was defined as LN diagnosed at the time of onset of
SLE, LN diagnosed at the initial treatment under hospi-
talization for SLE or LN that emerged during the initial
course of therapy under hospitalization. Two: of the 34
I-LN: patients in the chart review and 7 of the 91 I-LN
patients in the questionnaire study met one of the latter two
definitions of I-LN.

Delayed-onset LN (D-LN)

D-LN was defined as newly developed LN as. a SLE
relapse after the previous successful therapy. under hospi-
talization. At the time of the present study, 51 patients in
the chart réeview and 34 patients in the questionnaire study
were classified into this category of LN:

Mean ages of the patients at SLE onset and D-LN onset
in the present study are shown in Table 1. These data were
very similar between the two study groups; the mean
interval between SLE onset and D-LN onset was approx-
imately 8.9 years in the chart review and 7.3 years in the
questionnaire study.

Table 1 Onset age and initial therapy for LN and/or SLE

Time course of D-LN developments in the chart review
patients is shown in Fig. la. The Kaplan-Meier curve
showed that D-LN developed in half of the SLE patients of
extrarenal onset, and that half of the instances of D-LN
occurred after 10 disease-years of SLE. We note that the
curve might not represent a natural course of D-LN
development among SLE patients because of possible
sampling bias by the chart review in our single institute and
based on our knowledge of the widely different frequencies
of LN among SLE patients noted in the literature [11]. A
comparable analysis could not be performed in the ques-
tionnaire study, because we collected only cases with a
positive history of LN.

Time course of the first-time relapse of SLE
after the initial treatment under hospitalization
in the chart review patients (Fig. 1b)

A total of 302 SLE relapses were identified in the 154 chart
review patients, and these included 110 renal involvements
and 192 extrarenal SLE flares. The patients were classified
into one of two groups, I-lLN (n = 34) and others
(n = 120), at the start point of the analysis. Patients in the
“others” group, in whom LN developed later, were further
classified into. D-LN (n = 51), as defined above,

The Kaplan—-Meier curve indicating those free from SLE
relapse after: the -initial  treatment under hospitalization
showed a longer relapse-free period in the I-LN patients
compared with the other patients (12 versus 4 years to the
first relapse ‘was expected in:50% of each: patient group,
P-=:0.008) (Fig. 1b), when patients who received no or
low-dose steroid were removed from the analysis.

Most- of the patients without I-LN had mild SLE
conditions at the time of the initial treatment under hos-
pitalization, because neuropsychiatric involvement was not
common  as the initial manifestation (data. not shown).

Onset age, years (mean =+ SD) Dose of therapy (PSL®, mg/day) - Patient ratio that received pulse steroid® or IVCY®

Chart review (n = 85)

I-LN (n'= 34)- SLE + LN 29.1 + 14.8 513+ 152 (n= 3D
D-LN (n =51} SLE 25.0.+£109

LN 3394122 413 + 144 (n =45)
Questionnaire study (n = 125)
IFEN (n'=91)" "SLE + LN 300 +12.1 447+ 147 (n=84)
D-LN (n = 34) - SLE 27.0 £ 11.8

LN 344 +:135 430+ 152 (n=27)

26% (8/31) 0% (3/31)

350+ 131 (n=42) #

64% (29/45) 2% (1/45)

29% (26/91) 12% (11/91)

39.1'+£ 167 (n = 32) #

32% (11/34) 15% (5/34)

2 PSL; prednisolone equivalent :
® Intravenous methylprednisolone pulse therapy
¢ Intravenous cyclophosphamide pulse therapy

# Pulse steroid or IVCY was rarely used for SLE of D-LN patients at the onset of SLE
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Fig. 1 ~a Kaplan-Meier curve indicating those free from LN devel-
opment, for patients without initial renal involvement at onset of SLE in
the chart review study. Analysis starts at the onset of SLE; and the result
shows: a: time course  of . developing delayed-onset: LN (D-LN).
b Kaplan-Meier curve indicating those free from SLE relapse after
the initial therapy for SLE in the chart review study. Analysis starts at
the initial treatment under hospitalization for SLE. Solid line patients in
whom the initial therapy was targeted at LN (I-LN) (n =31}, Dotted
lirie patients in. whom the initial therapy was targeted at SLE without
renal involvemeént (n = 95). The log-rank test was used for statistical
analysis

Accordingly, the mean initial steroid dose tended to be
higher ‘in the LN patients: (prednisolone equivalent:
51:3 & 15.2 mg/day, n = 31 versus 36.4 - 14.1 mg/day,
n = 52 in the non-I-LN patients of identified steroid dose).

Fig. 2. Kaplan-Meier curve

indicating patients free from LN n=731

The chart review study

High-dose pulse steroid or cyclophosphamide was com-
bined in a quarter of or a small number of I-LN patients
(Table 1), respectively, for treating the LN, and was rarely
used in non-I-LN patients. Because I-LN and non-I-LN
have different organ involvement, the difference in relapse
rates after therapy between the two disease categories may
not be attributed to the difference in therapeutic intensities.
If renal involvement at the onset of SLE indicates a severe
form of SLE, a longer relapse-free period in the I-LN
patients than in the non-I-LN patients (Fig. 1b) may be
paradoxical, or it may be attributed to D-LN development
in the non-I-LN patients. Thus, we further studied thera-
peutic responses in the I-LN patients and the D-LN
patients.

Renal relapse-free rates in the I-LN patients (Fig. 2)

The Kaplan-Meier curve indicating freedom from LN
relapse after the initial treatment under hospitalization for
the I-LNis shown in Fig. 2 for the chart review patients
and the questionnaire study patients. A total of five patients
who received no therapeutic intervention for LN were
removed from the calculation. The results in the two study
groups showed consistently that half of the I-LN patients
were expected to be renal-relapse-free after the initial
therapy.

In the chart review, 18 (58%) of 31 treated patients had
no LN relapse throughout the observation period, and all of
these patients achieved complete renal remission, although
extrarenal SLE flares were observed in 5 patients. Renal
relapse was defined as rehospitalization in order to treat
SLE accompanied by emerging or increasing proteinuria.
Renal remission was defined by normal serum creatinine
levels and no urine abnormalities

In the questionnaire study, 52 (58%) out of 89 treated
patients had no LN relapse throughout the observation. Of
these, 90% (47/52) of the patients achieved complete renal

The questionnaire study

relapse after the: initial therapy 100

for I-LN in the two study
groups. Analysis starts at the

1\_\

78

n=91

initial treatment under
hospitalization for I-LN

T

=
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Fig. 3 Response rate to
therapy for LN. Initial therapy %

for I-LN, retherapy for relapsed
I-LN, and initial therapy for i
D-LN were studied by%storical 1% p<0.001 p=0.027
follow-up for 5 years: ratios of p<0.005 p<0.08
patients who responded to 50 —]
therapy for LN are shown.
Definition of therapeutic
response is given in the text.
Chi-squared or Fisher's exact 60 —
probability test was used for
statistical analysis 5
31 59 18
89 29
20— 15 2
4s 34
Initial Tx ~~ Re-Tx Initial-Tx Initial Tx Re-Tx Initial-Tx
for LN for D-LN for I.LN for D-LN
in the chart review study in the questionnaire study

remission. Of the remaining five patients with no relapse
but no remission, three patients had massive urine protein
and elevated serum creatinine levels at SLE onset that did
not respond to initial therapies, and renal deterioration
progressed without further therapeutic interventions; and
the other two patients had mild persistent urine protein at
the last-observations.

These results regarding renal relapse: suggested that
renal remission was common in I-LN only in response to
the initial therapy. We further studied prognoses of
relapsed I-LN patients in comparison with those of D-LN
patients, because. first-time relapse of I-LN and onset of
D-LN are similarly defined under “relapse of SLE.”

Comparison of renal response to therapy between I-LN
and D-LN (Fig. 3)

Initial therapies for I-LN or D-LN, respectively, were
begun based on renal biopsy in most of the patients of the
chart review study, as described later, and positive urine
protein was found to be a major reason for the therapeutic
intervention in all of the chart review and the questionnaire
study patients. Retherapy for relapsed I-LN was begun at
the time of rehospitalization in order to treat SLE accom-
panied by emerging or increasing proteinuria.

Response criteria

Responses to therapy for LN were estimated by 5-year
historical follow-up after the initial therapy for LN or
D-LN, and after the retherapy for I-LN of the first-time
relapse. Positive renal response was defined as no relapse,

no progressive renal dysfunction, and no nephrotic levels
of urine protein during 5-year observation after therapy.
The patients in the chart review study who responded to
therapy also met response criteria similar to those in the
literature [12], i.e., serum creatinine not exceeding the
lowest level during treatment under hospitalization, pro-
teinuria less than 3+ or a urine-protein/creatinine ratio less
than 1, and no nephritic findings in the urine sediment for
at least 6 months after therapy. In the questionnaire study
patients, the responses to therapy were identified based on
the mention of no renal dysfunction and no or less than 3+
proteinuria after therapy.

Patients who received no: therapeutic ‘intervention for
renal deterioration were removed from the calculation. In
the descriptions below, we classified a patient who showed
both renal abnormalities and renal relapse after therapy info
a category of renal relapse.

Chart review study

A better renal response to initial therapy was observed in
the I-LN patients compared with the D-LN patients
(Fig.. 3). Initial steroid therapies for LN in the I-L.N and the
D-LN: are shown in Table 1. The difference: in the thera-
peutic' doses- did not seem' large enough to explain the
different response rates between the I-LN and the D-LN
patients.

WHO class IV histology was documented. at the renal
biopsy: before therapy for LN with similar frequencies
(I-LN: 14721, 64% versus D-LN: 22/39, 56%) in the two
LN categories, and the chronic lesions were each identified
in-only a small number of patients. The total results of
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histology identified in 21 I-LN versus 39 D-LN were: 11, 1
versus 5; HI, O versus 1; IVa or b, 6 versus 10; IVc, 2
versus 4; IVd, O versus 0; IV of unknown subclass, 6 versus
8: V, 6 versus 11; and there was no significant difference in
the distribution of the histology between I-LN and D-LN.

Serological data before therapy (the number of patients)
were identified in most of the patients treated for I-LN (31)
or D-LN (45). Serum anti-DNA antibody levels were ele-
vated in 89% (24/27) of I-LN patients and 93% (37/40) of
D-LN patients; the mean titer in [-LN patients was
100.5 + 20.1 IU/ml (n = 11) by enzyme-linked immuno-
sorbent assay (ELISA) for anti-double-stranded DNA IgG
antibodies (normal range <20), 10 £ 2 IU/ml (r = 10) by
radioimmunoassay (RIA) for anti-DNA antibodies (normal
range- <6), or unknown except positive results (n = 3),
whereas that in D-LN patients was 56.7 &+ 11.2 IU/ml
(n = 12) by ELISA, 12 £+ 2 IU/ml (n = 15) by RIA, or
unknown except positive results (n = 10). Hypocomple-
mentemia was observed in 83% (20/24) of I-LN patients
and 93% (38/41) of D-LN patients based on the data of
serum. C3 and/or CH50. Of these, the comparable assays
for C3 (normal range 60-95 mg/dl) showed mean levels
402+ 5.6 mg/dl.. (n=13) in. I-LN _ patients. and
43.5 + 9.9 mg/dl (n = 27) in D-LN patients, respectively.
The above data showed that the two patient groups I-LN
and D-LN' had similar serological abnormalities - before
initial therapy for LN.

Renal status (number of patients) during 5 years
after initial therapy.for LN

The 31 I-LN patients showed one of the following: 5-year
remission (22), mild: persistént proteinuria . (2) including
accompanied renal dysfunction (1) with serum creatinine
>1 mg/dl after rapidly progressing glomerulonephritis
(RPGN), or renal relapse (6). A negative response was
found in seven patients:

The 45 D-LN patients showed one of the following:
5-year remission (10), mild persistent proteinuria (5), or
persistent - proteinuria - of nephrotic. levels (5), including
accompanying renal dysfunction (3) with serum creatinine
>1 mg/dl after RPGN, or renal relapse (25). ‘A negative
response was found in 30 patients.

Renal status during 5 years after retherapy for the first
relapse of I-LN

LN relapse occurred in 11 of the 31 I-LN patients after the
initial therapy. Of these, nine patients received therapeutic
interventions at the mean prednisolone-equivalent dose of
444 + 15.1 mg/day, and a methylprednisolone pulse was
added in two patients. By the time of the present study, six
patients had been followed for more than 5 years after the
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retherapy for LN; 5-year remission (three), mild persistent
proteinuria (two) or a second renal relapse (one) during
5 years were found in the six patients. A negative response
was found in one patient. The renal response to the
retherapy was again better than that following the initial
therapy for D-LN (Fig. 3).

Serum anti-DNA antibody levels before therapy were
elevated in 89% (8/9) of the patients treated for relapsed
I-LN, and the mean titer was 59.5 &+ 22.1 IU/ml (n = 5)
by ELISA or 8 + 2 IU/ml (n = 3) by RIA. Hypocomple-
mentemia was observed in 78% (7/9) of the patients, and
the mean serum C3 level was 48.1 &= 5.1 mg/dl (n = 7).

The questionnaire study

A better renal response to initial therapy was observed in
the I-LN patients compared with the D-LN patients
(Fig. 3). Initial steroid therapies for LN in the I-LN and the
D-LN are shown in Table 1. The difference in the thera-
peutic doses did not seem large enough to explain the
different response rates between the I-LN and the D-LN
patients.

Renal status (the number of patients) during 5 years
after. initial therapy for LN

The 89 I-LN patients showed one of the following: 5-year
remission (32), probable remission or mild proteinuria (16),
mild persistent proteinuria (11), chronic. proteinuria. of
nephrotic levels accompanying renal dysfunction (3) after
RPGN,; or renal relapse (27). “Probable remission or mild
proteinuria” was defined based on no subsequent relapse
and  the mention. of no renal abnormalities ‘at the last
observation but no mention of the early renal status after
therapy. A negative response was found in 30 patients.

The: 34 D-LN patients: showed one of the following:
5-year remission: (9); mild persistent proteinuria: (3), per-
sistent proteinuria of  nephrotic * levels and/or  renal
dysfunction (12), or renal relapse (10). At least five patients
had RPGN before therapy. A negative response was found
in 22 patients.

Renal status during 5.years after retherapy for the first
relapse of I-LN

LN relapse occurred in 39 of the 91 I-LN patients, and 36
patients received therapeutic interventions. The. identified
mean. prednisolone-equivalent . dose  was 45.5 + 13.3
mg/day (= 30), and the combination use of steroid pulse
was mentioned by ten patients, and that of cyclophospha-
mide by 'six patients. . The (29 patients who received
retherapy and. 5-year follow-up showed one of the fol-
lowing: 5-year remission (8), mild persistent: proteinuria
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Table 2 Renal outcomes of I-LN or D-LN in the two study groups: renal status over 3 years at time of the last observation

n Remission MPD N + CRF + HD Flare Observation period of LN (years)
Chart review
I-LN 31 22 (71%)* 0+0+42(6%) 0 19.6 £ 9.2
D-LN 49 14 (25%) 4 4+ 11 + 10 (51%)** 2 13.0 £ 8.1
Questionnaire study
I-LN 89 65 (13%)* 0+44+20%) 10 17.5 + 9.1
D-LN 33 11 (33%) 5 6 + 4 + 4 (42%)** 3 12,1 + 7.8

Remission: no renal abrormalities but including SLE conditions of serologically active clinically quiescent (SACQ) disease for at least 3 years,
MPD (mild persistent disease; positive urine proteins less than nephrotic levels). N (nephrotic levels of urine proteins): prolonged massive urine
proteins without apparent renal dysfunction. CRF (chronic renal failure but no uremia): prolonged elevation of serum creatinine levels (>1 mg/
d1) or mention of renal dysfunction in the questionnaire based on information from attendant doctors. HD (hemodialysis): on maintenance HD or
having a history of receiving renal implantation irrelevant to the present renal status. Flare: flare of SLE and/or LN within 3 years by the last

observation
* P < 0.01, ** P < 0.001 (chi-squared test)

(3), probable remission or.mild proteinuria (7), persistent
proteinuria of nephrotic levels and/or renal dysfunction (2),
or a second renal relapse (9). A negative response was
found in 11 patients. The renal response to the retherapy
was again better than that following the initial therapy for
D-LN (Fig. 3).

The results in the two study groups were consistent, and
suggested that renal response to both the initial therapy for
I-LN ‘and the retherapy for relapsed I-LN were better than
that to the initial therapy for D-LN.

Renal outcomes: renal status over 3 years at the time
of the last observation (Table 2)

Renal status  was classified “according ' to definitions
described in' the footnotes of Table 2, and we classified a
'patient that. showed both of chronic renal damage and
recent renal flare into a category of chronic renal damage
but not flare. A higher frequency of renal remission was
observed in I-LN compared with D-LN, and a higher fre-
quency of irreversible renal damage including nephrotic

levels of prolonged urine proteins or chronic renal failure

was observed in D-LN compared with I-LN.

The above results were consistent in the two study
groups ‘and suggested a good renal prognosis of I-LN
patients and a poor renal prognosis of D-LN. patients. In
most of the patients with irreversible renal damage in the
present - study, - frequent relapse - resulted - in  remal
deterioration.

Patients whose irreversible: renal damage was' estab-
lished before the initial therapy were removed from the
estimation of ‘renal outcomes shown in Table 2. This
included three I-LN: patients and two D-LN patients in
the chart review and two I-LN patients and one D-LN
patient in' the questionnaire study. Some of the remaining
patients in the chart review did not receive an appropriate

therapeutic intervention for renal deterioration that devel-
oped in the course of SLE for various reasons, including a
referral delay, poor medical compliance. and accompany-
ing chronic infection.

Except in the case of receiving insufficient therapy as
described above, most of the patients in the chart review
and the questionnaire study were treated for LN appropri-
ately with 30-60 mg/day prednisolone-equivalent doses of
steroid-at the onset of LN and- at the first LN relapse. For
repeated SLE relapses, however, intensities of therapeutic
interventions were widely different from: case to case.

Renal outcomes:in reference to: the renal pathology
before therapy in the chart review study

Renal pathology before initial therapy for LN (the first-time
biopsy; Fig. 4)

Renal outcomes in the chart review patients were collated
according to the renal pathology data at biopsy before
initia} therapy (Fig. 4), which were available in 61 out of
85 LN patients based on the reports by pathologists in our
hospital or the referral description: of other hospitals. In
addition; one I-LN-and three D-LEN patients manifested
RPGN at the onset of LN and had probable class IV-LN.

The ' descriptions: of : renal - pathology found. by chart
review: were mostly in accordance with the WHO ' classi-
fication (3, 4), although the information on subclass was
not comprehensive. In the present study: (Fig. 4), we clas-
sified “‘a ‘description of membranous EN” or “class 'V
without description of combined II or TV” into “V”; and
“diffuse - proliferative’ LN without - subclass-description”
into €TV-" (Fig. 4). In addition, “IV 4 V" documented in
some of the case records was also denoted as “IV-" but not
Vd. Thus, “IV-"in Fig. 4 might contain various types of
class IV.
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