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Figure 4. Immunodetection of truncated PLA,R extracellular domains with the character-
ized patient serum containing anti-PLA;R autoantibodies. (A) The transferred nitrocellulose
membrane was incubated with the characterized patient serum at 1:1000 dilutions in im-
munoblotting buffer for 2 hours at room temperature. The membrane was then washed with
TBST and incubated with HRP-conjugated rabbit anti-human secondary antibody (1:10,000)
in immunoblotting buffer. (B) The nitrocellulose membrane was stripped and then reprobed
with a mouse anti-1D4 antibody. The experiment was performed three to five times.

Figure 5. Characterization of the isolated PLA,R 1-3 construct. The
isolated 1-2 and 1-3 constructs were resolved under nonreducing
and reduced conditions (2% B-ME) on a 4%-20% SDS-PAGE. The
1-2 construct was included to serve as a negative control. The
membrane was then probed with the characterized patient serum
and reprobed with the anti-1D4 antibody as described in Figure 4.
The experiment was performed three to five times.
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The truncated PLA,R extracellular do-
mains were then resolved on a 4%-20%
SDS-PAGE under the nonreducing condi-
tion, transferred to a nitrocellulose mem-
brane, and probed with the characterized
patient serum at 1:1000 dilutions. Figure
4A shows that the PLA,R 1-1 or 1-2 con-
structs were not recognized, whereas the
constructs containing the first three do-
mains were all strongly recognized by the
patient serum. Anti-1D4 antibody probing
of the stripped membrane showed that
both of the 1-1 and 1-2 constructs were
present at a high level (Figure 4B). This re-
sult indicates that the first three domains,
CysR, Fnll, and CTLDI, are involved in
forming the conformational antigenic epi-
tope in PLA,R.

To test if the 1-3 construct carries indis-
pensable intramolecular disulfide bonds
required for the conformational epitope
formation, we resolved the 1-3 construct under the nonre-
ducing and reduced conditions on SDS-PAGE. Figure 5 shows
that the nonreduced 1-3 construct but not the reduced form
was strongly recognized by the anti-PLA,R autoantibody, in-
dicating that the secreted 1-3 construct contains the correctly
formed disulfide bonds resembling those of the full-length
PLA,R protein. Moreover, the reduced 1-3 construct appeared
to migrate much slower on the SDS-PAGE, suggesting that
breakage of the internal disulfide bonds changed the protein
conformation. The negative control (1-2 construct) was not
recognized by the anti-PLA,R autoantibody but also appeared
to migrate slower under the reduced condition (Figure 5),
indicating that the contained CysR and Fnll domains are folded
properly with intramolecular disulfide bonds formed.

To further determine if the antigenic epitope is exclusively
located in the CTLD1 domain, we cloned the isolated CTLD1
domain (Asp-203 to Glu-367; including the signal peptide) ina
mammalian expression vector. However, the cloned protein
was not well expressed in the HEK 293 cells and biochemically
unstable. To circumvent this technical challenge, we
engineered a proteolytic site (thrombin; LVPRGS) in the linker
regions between CysR and FnlI (1-1T; at Leu-166 to Gly-171)
or Fnll and CTLD1 (1-2T; at Thr-231 to Asp-236) domains,
respectively (Figure 6A). Figure 6B shows that the autoanti-
body recognized the expressed 1-1T and 1-2T constructs well
but had no recognition of these constructs after thrombin di-
gestion, suggesting that thrombin cleavage dramatically al-
tered the configuration of the antigenic epitope when resolved
on the SDS-PAGE. Reprobing of the stripped membrane with
anti-1D4 antibody revealed that a 25-kD protein fragment
corresponding to the FnII-CTLD1 domain was released
from the 1-1T construct but that no protein fragment was
released from the digested 1-2T construct (Figure 6C). Addi-
tional treatment of the digested 1-2T construct with 2% 8-ME
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Figure 6. |dentification of the domains in isolated PLA;R 1-3 construct responsible for
anti-PLA,R autoantibody recognition. (A) The cartoon indicates the locations of in-
troduced thrombin digestion sites in the 1-3 construct. 1-1T is the thrombin digestion
site that was introduced between CysR and Fnll domains, and 1-2T is the thrombin
digestion site that was introduced between Fnll and CTLD1 domains. (B and C) The
thrombin untreated and treated 1-3, 1-1T, and 1-2T constructs were resolved under
nonreducing conditions on a 4%—-20% SDS-PAGE. The 1-3 construct was included to
serve as a positive control. The membrane was (B) first probed with the characterized
patient serum and (C) then reprobed with the anti-1D4 antibody as described in Figure
4. Asterisks indicate thrombin-treated protein samples. (D) The thrombin untreated
and treated 1-3, 1-1T, and 1-2T constructs were resolved under reducing conditions
(2% B-ME) on a 4%-20% SDS-PAGE and probed with the anti-1D4 antibody. Each
experiment was performed three to five times.
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PLA,R, like the 1-3 construct at a stepwise
increased concentration. We then individ-
ually preincubated 10 patient sera
containing a high level of autoantibodies
with 1-3 construct at the dilution of 1:9
(vol/vol) and applied the mixture on the
PLA,R protein transferred to a nitrocellu-
lose membrane. Figure 7, B and C shows
that the 1-3 construct completely blocked
the anti-PLA,R sera reactivity with the full-
length PLA,R protein, indicating that the
1-3 construct sufficiently absorbed all of
the autoantibodies in the sera.

To further determine if 1-3 construct
exclusively harbors the conformational
epitope, we selectively deleted the 1-3 con-
struct or CTLD1 domain from the con-
structs 1-8 and 1-10 (whole extracellular
portion) and expressed it in the HEK 293
cells (Figure 8A). We observed that autoan-
tibody strongly recognized the positive
control (1-3 construct) but had no recog-
nition on the negative control (1-2 con-
struct). When the 1-3 construct (1-8*
and 1-10*) or the CTLD1 domain (1-8**
and 1-10**) was absent, the remaining
PLA,R domains were well expressed;
however, none could be recognized by
the autoantibody (Figure 8B). We also
engineered a construct with a thrombin di-
gestion site introduced in the linker region
between the CTLD1 and CTLD2 domains
(Ile-365 to Ala-370) in the full-length
PLA,R (PLA,R-T). PLA,R-T was expressed
in the HEK 293 cells and digested with
thrombin to produce a fragment containing
1-3 domains and a fragment containing the
remaining PLA,R domains. Figure 8C
shows that the autoantibody recognized
the 1-3 domain fragment; however, it had
no recognition of the remaining PLA,R do-
mains. Figure 8D summarizes the reactivity
of autoantibodies from 10 patient sera with

showed that a 23-kD protein fragment corresponding to the
CTLD1 domain was released (Figure 6D). These results
showed that the Fnll and CTLD1 domains are likely to be
interlocked by intermolecular disulfide bond(s), and forma-
tion of the conformational antigenic epitope requires regions
from the CysR, Fnll, and CTLD1 domains.

We next performed epitope competition assay to test if the
natively folded 1-3 construct can sufficiently block the auto-
antibody binding to the full-length PLA,R protein in the liq-
uid phase. Figure 7A shows that the 1-10 construct (control;
whole extracellular portion) almost completely blocked the
reactivity of the anti-PLA,R autoantibody with the full-length
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the constructs of 1-8%, 1-10*, and thrombin-digested PLA,R-T.
These findings show clearly that the 1-3 construct in PLA,R
is solely responsible for the anti-PLA,R autoantibody binding
in vitro.

Effect of Polymorphism on the Affinity of PLA,R for
Autoantibody Binding

Genetic screens have suggested that two polymorphisms,
M292V and H300D, in the CTLD1 domain correlate strongly
with the occurrence of IMN in patients.?>26 We predicted that,
if the polymorphisms are responsible for generating the auto-
antibody, polymorphic PLA,R would have higher affinity for
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10 region encompassing the CysR, FnlI, and
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Figure 7. Immunoblocking of the autoantibody reaction with the full-length PLA;R by
the 1-3 construct. (A) The 1-3 construct was stepwise diluted in the TBS buffer and
incubated with an anti-PLA;R serum for 2 hours at room temperature before appli-
cation on a blot transferred with nonreduced full-length PLA;R protein. Control, 1-10
construct (undiluted) blocked anti-PLA,R serum; 1, TBS buffer only; 2-10, 1-3 con-
struct at dilutions (vol/vol) of 1:600, 1:300, 1:150, 1:75, 1:37.5, 1:18.75, 1:9.38, 1:4.69,
and 1:2.35, respectively. (B) Sera from 10 patients with high levels of anti-PLA;R au-
toantibodies were first incubated with the 1-3 construct at 1:9 dilutions (vol/vol) for 2
hours at room temperature and then applied on the full-length PLA,R protein on a blot
(—, without the 1-3 construct; +, with the 1-3 construct). (C) Summary of the 1-3
construct blocked sera reactivity with the full-length PLAZR. Error bars represent the

ted by the following evidence. (1) Autoanti-
body did not recognize the CysR, CysR-FnlI,
or FnlI-CTLD1 domain but strongly recog-
nized the CysR-FnlI-CTLD1 domain com-
plex (1-3 construct). (2) Autoantibody only
recognized the nonreduced 1-3 construct
but not the reduced form. (3) When the 1-
3 construct was absent, autoantibody did not
recognize any of the remaining domains. (4)
The 1-3 construct in its native conformation

means=*=SEMs (n=5).

the antibody than the wild type. To test it, we individually
substituted Met-292 with Val and His-300 with Asp in the
wild-type PLA,R. Polymorphic proteins and the wild-type
PLA,R were then expressed in the HEK 293 cells and probed
with the characterized patient serum at three dilutions in im-
munoblotting buffer: 1:100, 1:1000, and 1:10,000. Figure 9
shows that no difference could be detected between the
wild-type PLA,R and either of the polymorphic proteins, sug-
gesting that the polymorphisms may not be solely responsible
for developing the anti-PLA,R autoantibody.?

Comparison of the PLA,R 1-3 Construct and the Full-
Length PLA,R for Patient Sera Immunoscreening

To determine if the 1-3 construct could serve as the antigenic
epitope in a large patient pool, we analyzed 74 serum samples
from patients with IMN before and after treatment (Table 1).
We tested side by side using the 1-3 construct and the full-
length PLA,R for serum probing on the immunoblots. Figure
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completely blocked the reactivity of 10 pa-

tient sera containing high levels of autoanti-

bodies with the full-length PLA,R. (5) The
1-3 construct was recognized as effectively as the full-length
PLA,R by autoantibodies from various serum samples from pa-
tients with IMN.

The anti-PLA,R autoantibody is known to recognize only
the nonreduced form of PLA,R. Our results showed that the
isolated 1-3 construct containing CysR, Fnll, and CTLD1 do-
mains indeed contains the critical intramolecular disulfide
bonds required for the antigenic epitope formation and that
autoantibody recognition of the 1-3 construct is sensitive to
B-ME reduction. Because autoantibody does not recognize the
isolated CysR, CysR-Fnll, or FnlI-CTLD1 domain, the CyR
and CTLD1 domains are likely to be responsible for the 1-3
construct recognition, and potentially, a cryptic region in the
FnlI domain is also involved. This conclusion is strongly sup-
ported by the observation that the 1-3 construct completely
blocked the reactivity of autoantibody with the full-length
PLA,R in the liquid and solid phases, and the PLA,R domains
without the 1-3 construct were not recognized by the

J Am Soc Nephrol 26: 291-301, 2015



A B . &S
-, B
WO W W

7.
(7]
70s,

w

150 kDa —

100 kDa —
1-10° SEBEET—
- 75 kDa — .
110 @l DO —
PLART @

R
-

50 kDa —

Thrombin Albt— . .
25 kDa — -
20 kDa —
Anti-PLA,R serum anti-1D4-Ab
C ,\ ,\ < ,\ D Summary of anti-PLA;R sera recognition of
= PLA,R-T*, 1-8* and 1-10". (n=3). +++, strongly

3 ?-'» v'\
o ‘2\’ \5’ b recognized; -, background level.

250 kDa -
. Patient No. PLA,R PLA,R-T* 1-8* 1-10*

150 kDa -
1 +++ -

100 kDa -
2 4t -
75 kDa- 3 i =
4 +++ -
5 ++ -
6 4+ -
50 kDa - 7 i R
37 kDa - - 8 e -
9 4t -
10 +++ -

Anti-PLA,R serum  Anti-PLA,R-Ab

Figure 8. Immunodetection of the 1-3 construct or CTLD1 domain-deleted PLA,R
constructs with anti-PLA;R sera from patients with IMN. (A) The cartoon shows the
constructs with the 1-3 construct or CTLD1 domain deletion and a full-length PLA;R
with an introduced thrombin digestion site between CTLD1 and CTLD2 domains.
Deleted domains are indicated by unfilled shapes. (B) Truncated PLASR extracellular
domains 1-2, 1-3, 1-8 with 1-3 deletion (1-8*), 1-8 with CTLD1 deletion (1-8**), 1-10
with 1-3 deletion (1-10*), and 1-10 with CTLD1 deletion (1-10**) were (left panel)
resolved under nonreducing condition and probed with the characterized patient
serum. The 1-2 and 1-3 constructs were used as a negative and a positive control,
respectively. (Right panel) The level of protein in each sample was determined by the
anti-1D4 antibody. (C) Full-length PLA;R, PLA,R-T, and thrombin-digested PLAR-T
(PLAZR-T*) were resolved under the nonreducing condition and processed as de-
scribed above. (Left panel) Anti-PLAZR serum. (Right panel) Anti-PLA;R antibody
(Sigma-Aldrich). (D) Summary of anti-PLA,R sera reactivity with PLA,R, PLAR-T*, 1-8%,
and 1-10* (+++, strongly recognized; —, background level). Each experiment was
performed three to five times.
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the full-length PLA,R were also negative on
the 1-3 construct, showing that the CysR-
FnlII-CTLD1 domain complex can serve as
the universal autologous antigen in all pa-
tients with IMN possessing the autoantibody.

Recent studies using small peptide map-
ping?” or physicochemical and imaging
methods?8 have indicated that the epitope
for autoantibody binding may be located in
either various regions distributed through-
out the PLA,R extracellular portion or the
CTLD3 domain exclusively. Because our
experiments examined the location of the
epitope using intact PLA,R extracellular
domains and patient sera containing anti-
PLA,R autoantibodies, the difference be-
tween our findings and these observations
is potentially because of differences in the
experimental approaches used. Our find-
ings do not rule out the possibilities that
other cryptic epitopes may appear in dif-
ferent experimental conditions.

Two polymorphisms, M292V and
H300D, in CTLD1 domain havebeenlinked
to the occurrence of IMN in patients. Our
finding that the CTLD1 domain harbors the
autogenic antigen seems to support the
prediction that polymorphism alters the
conformation of the CTLD1 domain, leading
to autoantibody generation. However, on
10,000 dilutions, the tested patient serum
showed no differences in binding to the wild-
type PLA,R, PLA,R-M292V, or PLA,R-
H300D. Our data support the previous
genetic findings that the potential conforma-
tional change on the surface of PLA,R may
not be fully responsible for the generation of
autoantibody in patients.?>2°

Our findings have important clinical
applications. We have shown that, com-
pared with the full-length PLA,R, the 1-3
construct can be obtained at a high level in

autoantibody. Our results also showed that the CTLD1 do-
main is interlocked with the Fnll domain through disulfide
bond(s), suggesting that the Fnll domain has an important
structural role to bring the CysR and CTLD1 domains in a
close proximity for the epitope formation.

To further determine if our finding is applicable to a large
number of patients with IMN (but not only to a unique serum
sample from a specific patient), we compared the efficiency of
autoantibody recognition on the full-length PLA,R and 1-3
construct side by side with 74 serum samples from patients
with IMN before and after treatment. Our results showed that
patient sera recognizing the full-length PLA,R also strongly
recognized the 1-3 construct, whereas patient sera negative on

J Am Soc Nephrol 26: 291-301, 2015

the HEK 293 cell culture medium and that it is equally efficient
to the full-length PLA;R for large-scale patient sample screen-
ing for autoantibodies. Our finding offers a potentially valu-
able tool for developing sensitive and efficient ELISA assays for
IMN diagnosis and prognosis.

CONCISE METHODS

Patient Sera
Deidentified patient sera were collected at the Clinical Research Center,

National Institute of Diabetes and Digestive and Kidney Diseases/Kidney
Disease Section according to the Institutional Review Board.

PLA,R Region Mediating Autoantibody Binding 297
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Figure 9. Immunodetection of PLA,R with polymorphism M292V and H300D. (A)
Whole-cell lysates expressing wild-type PLA;R (wt-PLAZR), PLA;R-M292V, or PLAR-
H300D were resolved under nonreducing conditions and probed with the character-
ized patient serum at three dilutions in immunoblotting buffer. (B) The level of antibody

vol] Igepal, 0.5% [wt/vol] sodium deoxycholate,
10 mM Tris-HCI, pH 7.5) containing protease
inhibitors (Roche), and PLA,R protein was then
mixed with SDS-sample buffer and processed
for SDS-PAGE.

binding to each sample was quantified by densitometry. In each experiment, the level of

antibody binding was compared with that of wt-PLAR, which had antibody binding set

to 100%. Error bars represent the means+SEMs (n=3-5).

Molecular Cloning
A wild-type human PLA,R ¢cDNA was used as the template for con-

structing truncated PLA,R extracellular domains. The PCR frag-
ments generated by Easy-A High-Fidelity PCR Cloning Enzyme
(Agilent Technologies) were first cloned into the pCR2.1 TA cloning
vector (Invitrogen) and then subcloned into the pcDNA3.1™ vector
using EcoRI site. The reverse primers for PCR reaction were all tagged
with 27 nucleotides encoding 9 amino acids (TETSQVAPA, 1D4 tag)
followed with a stop codon. In separate experiments, a thrombin
digestion site was introduced into the 1-3 construct or wild-type
PLA,R using the Strategene site-directed mutagenesis kit following
the manufacturer’s protocol. The complete sequence of each con-
struct was verified by DNA sequencing.

Protein Expression
The truncated PLA,R extracellular domains were transiently ex-

pressed in the HEK 293 cells (ATCC) maintained in Gibco FreeStyle
293 expression medium. Briefly, HEK 293 cells were plated onto
10-cm dishes in 10 ml serum-free medium 16 hours before transfection.
HEK 293 cells were then transfected with various PLA,R constructs
using TurboFect reagent (Thermo Fisher Scientific) following the
manufacturer’s instructions. Because each construct contains the en-
dogenous signal peptide, the expressed proteins were secreted into
the cell culture medium. To increase the amount of secreted proteins,
we supplemented the transfected cells with fresh culture medium
48 hours post-transfection and further expressed the proteins for
24 hours.

Protein Sample Preparation
Seventy-two hours post-transfection, culture medium from each of

the plates was collected into 50-ml Falcon tubes and centrifuged at
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Protease Digestion
Protein samples were mixed with human throm-

bin (EMD Millipore) at 1 unit/10 ul in TBS

buffer and incubated on a rotating shaker for
6-12 hours at room temperature. Samples were then mixed with
2X SDS sample buffer and processed for SDS-PAGE. In separate
experiments, plasma membranes from HEK 293 cells expressing
full-length PLA,R with an introduced thrombin site were isolated
and lysed in the lysis buffer, and PLA,R protein was then digested
with thrombin at 1 unit/10 ul.

SDS-PAGE and Immunoblotting
Protein samples were mixed with 2X SDS sample buffer without or

with 2% B-ME and heated at 100°C for 5 minutes. Truncated PLA,R
extracellular domains were then resolved on 4%-20% SDS-PAGE,
transferred to nitrocellulose membranes (Bio-Rad), and probed by
the mouse anti-1D4 antibody (Flintbox) at 1:10,000 dilution in the
immunoblotting buffer (Tris-buffered saline/Tween-20 [TBST];
0.1% [vol/vol] Tween-20, 137 mM NaCl, and 20 mM Tris [pH 7.5]
containing 5% [wt/vol] nonfat dry milk). The membrane was then
washed with TBST buffer, incubated with horseradish peroxidase
(HRP) -conjugated rabbit anti-mouse IgG (The Jackson Laboratory)
antibodies at a dilution of 1:10,000, and processed with enhanced
chemiluminescence (ECL) reagent (GE Healthcare). For patient se-
rum probing, transferred nitrocellulose membranes were first
blocked with immunoblotting buffer for 30 minutes, and then, pa-
tient serum was added at 1:1000 dilutions and incubated for 2 hours
at room temperature. The membrane was then washed with TBST
buffer, incubated with HRP-conjugated rabbit anti-human IgG
(Santa Cruz Biotechnology) antibodies for 1 hour at a dilution of
1:10,000, and processed with ECL reagent.

Epitope Competition Assay
Patient sera were first diluted 10 times in TBS buffer; 6 wl diluted sera

were then mixed with the 1-3 construct (in TBS buffer) at various

J Am Soc Nephrol 26: 291-301, 2015



Table 1. Summary of patient sample anti-PLA;R
autoantibody screen using full-length PLA,R and PLAZR 1-3
construct containing the CysR-Fnll-CTLD1 domain

Sample Full-Length PLA,R 1-3 Treatment
Number PLA,R Construct

IMN 01 +++ +++ No
IMN 02 +++ +++ No
IMN 03 +++ ++ No
IMN 04 +++ +++ No
IMN 05 - - No
IMN 06 + + Yes
IMN 07 — - Yes
IMN 08 - - No
IMN 09 + — Yes
IMN 10 — - No
IMN 11 + + Yes
IMN 12 — — No
IMN 13 — - Yes
IMN 14 - - Yes
IMN 15 — — Yes
IMN 16 — - Yes
IMN 17 + — Yes
IMN 18 — — Yes
IMN 19 ++ +++ No
IMN 20 ++ ++ No
IMN 21 +++ +++ No
IMN 22 - - Yes
IMN 23 +++ +++ No
IMN 24 — — Yes
IMN 25 - - Yes
IMN 26 +++ +++ No
IMN 27 — — Yes
IMN 28 - - Yes
IMN 29 - - Yes
IMN 30 — — Yes
IMN 31 - - Yes
IMN 32 — — Yes
IMN 33 — - Yes
IMN 34 + + Yes
IMN 35 — — Yes
IMN 36 — - Yes
IMN 37 - - Yes
IMN 38 — — Yes
IMN 39 — - Yes
IMN 40 - - Yes
IMN 41 — — Yes
IMN 42 — - Yes
IMN 43 - - Yes
IMN 44 — — Yes
IMN 45 — - Yes
IMN 46 - - Yes
IMN 47 — — Yes
IMN 48 — - Yes
IMN 49 - - Yes
IMN 50 — — Yes
IMN 51 — - Yes
IMN 52 - - Yes
IMN 53 — — Yes

J Am Soc Nephrol 26: 291-301, 2015
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Table 1. Continued

Sample Full-Length PLA,R 1-3

Number PLAZR? Construct [Eestuent
IMN 54 - - Yes
IMN 55 - - Yes
IMN 56 - - Yes
IMN 57 - - Yes
IMN 58 - - Yes
IMN 59 - - Yes
IMN 60 — — Yes
IMN 61 - - Yes
IMN 62 +++ +++ No
IMN 63 — — Yes
IMN 64 + + Yes
IMN 65 - - Yes
IMN 66 — — Yes
IMN 67 - - Yes
IMN 68 - - Yes
IMN 69 — — Yes
IMN 70 + + Yes
IMN 71 - - Yes
IMN 72 — — Yes
IMN 73 - - Yes
IMN 74 - - Yes

The anti-PLA;R autoantibody level in patient sera was screened using the
Mini-PROTEAN Il Multiscreen Apparatus (Bio-Rad). Each sample was tested
atleast three times: —, background level; =, undetermined; +, detected; ++,
moderately detected; +++, strongly detected. The patient status at the time
when the serum sample was collected is also indicated: no, pretreatment;
yes, on treatment/post-treatment.

dilutions (60 ul total volume) and incubated on a rotating shaker for
2 hours at room temperature. The samples were then mixed with 600
wl immunoblotting buffer and applied on full-length PLA,R protein
using the Mini-PROTEAN II Multiscreen Apparatus (Bio-Rad) as
described below.

Patient Sera Screening
The anti-PLA,R autoantibody level in patient serum was screened

using the Mini-PROTEAN II Multiscreen Apparatus. Briefly, nitro-
cellulose membranes were first blocked with the immunoblotting
buffer for 30 minutes and then assembled into the multiscreen ap-
paratus. Each of the patient sera was applied at 1:100 dilutions (in
immunoblotting buffer) onto the membrane and incubated at room
temperature for 2 hours. The membrane was then washed three times
with TBST buffer and incubated with HRP-conjugated rabbit anti-
human IgG (Santa Cruz Biotechnology) antibodies at a dilution of
1:10,000. The membranes were incubated with ECL reagent for 1 min-
ute and exposed to Amersham High Performance Chemiluminescence
Film (GE Healthcare). The exposure times were 30-60 seconds for
positive bands and up to 5 minutes for weak or negative bands.

Image and Data Analyses
Films from immunoblots were scanned with a Hewlett-Packard

Scanjet 5590. Scanned images were quantified with UN-SCAN-IT Gel,
version 6.1 software.
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Figure 10. Representative results of immunoscreen of patient
samples with the PLA;R 1-3 construct and the full-length PLASR.
(A) HEK 293 cell lysate containing heterologously expressed full-
length PLA,R protein and the PLA;R 1-3 construct was resolved
under nonreducing condition and transferred to nitrocellulose
membranes. After 30 minutes of blocking with immunoblotting
buffer, the membranes were assembled into a multiscreen ap-
paratus and individually incubated with each of the patient
samples at 1:100 dilutions for 2 hours at room temperature. (B)
Representative results of full-length PLAZR and the 1-3 construct
immunoblotted with the characterized patient serum at three
dilutions: 1:100, 1:1000, and 1:10,000 (vol/vol). The assay was
performed three times.

Statistical Analyses
Means*+SEMs were calculated using SigmaPlot 10 software. Dunnett

t test was used to assess statistical significance, with P<<0.05 consid-
ered significant.
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