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1 | INTRODUCTION

Identification of proteins in renal biopsy specimens is necessary for diag-

nosing kidney diseases. Immunofluorescence or immunohistochemistry is

Abstract

Aim: Laser microdissection (LMD) and liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) enable clinicians to analyse proteins from tissue sections. In
nephrology, these methods are used to diagnose diseases of abnormal protein depo-
sition, such as amyloidosis, but they are seldom applied to the diagnosis and patho-
physiological understanding of human glomerular diseases.

Methods: Renal biopsy specimens were obtained from five patients with IgA nephropa-
thy (IgAN), five patients with membranous nephropathy (MN) and five kidney transplant
donors (as controls). From 10-pm-thick sections of formalin-fixed, paraffin-embedded
specimens, 0.3-mm? samples of glomerular tissue were subjected to LMD. The samples
were analysed by LC-MS/MS and investigated clinically and histologically.

Results: From the control glomeruli, we identified more than 300 types of proteins. In
patients with IgAN, we detected significant increases not only in IgA1 and in C3, but also
in the factors related to oxidative stress and cell proliferation in comparison to the con-
trols. In patients with MN, levels of IgG1, 1gG4, C3, C4a and phospholipase-A2-receptor
were significantly elevated in comparison to the controls, as were the aforementioned
factors related to oxidative stress and cell proliferations detected in IgAN.

Conclusion: Application of LMD and LC-MS/MS to renal biopsy specimens enabled
us to identify not only pathognomonic proteins for the diagnosis, but also several fac-

tors possibly involved in the pathogenesis of human glomerular diseases.
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generally performed with specific antibodies for the expected protein
molecules. Liquid chromatography-tandem mass spectrometry (LC-MS/
MS) is a powerful tool in proteomics that elucidates unknown protein

contents through the measurement of masses of the fragmented
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peptides. Recently, a novel technique, laser microdissection (LMD) has
been developed and introduced into the field of pathology. In LMD, a
laser beam is used to dissect any selected fields on histological sections;
protein contents can then be analysed by LC-MS/MS for screening and
identification of unknown proteins.

In nephrology, this technique has been used for the diagnosis
of protein deposition diseases, such as amyloidosis, which is usu-
ally diagnosed by immunohistochemistry. The diagnosis of heavy-
chain amyloidosis or several hereditary forms of amyloidosis, how-
ever, is difficult because the corresponding antibodies may be
unavailable.? Sethi et al used this method for diagnosis of amyloid-
osis and detected novel proteins.?2 They reported that the causes
of amyloidosis were more diverse than previously recognised.
Using this method, other researchers identified a novel and unex-
pected molecule of DNAJB9 as a marker for fibrillary
glomerulonephritis.*>

Application of this novel technique to the diagnosis of glomeru-
lonephritis has just begun. To date, IgA nephropathy (IgAN) has been
analysed in a few studies, with a focus mainly on deposited immuno-
globulin and complements.®” In our study, we analysed the glomeru-
lar proteomics of IgAN and membranous nephropathy (MN) by LMD
and LC-MS/MS and we compared our findings with those for normal
glomeruli obtained at biopsies from kidney transplant donors. More-
over, we investigated the significance of the detected molecules
with regard to the diagnosis and pathogenesis of glomerular
diseases.

2 | METHODS

2.1 | Patients

Five patients with IgAN, five patients with MN and five kidney trans-
plant donors were enrolled in this study. In all 10 patients, disease had
been diagnosed with renal biopsy in the Department of Nephrology,
Showa University Hospital, Tokyo, from 2014 to 2018. During the
study period, IgAN was diagnosed in 69 patients and primary MN in
10 patients. Of these patients, we selected 5 with IgAN and 5 with
MN whose specimens contained 10 or more non-sclerosed glomeruli.
All five patients diagnosed with MN in this study showed positive
immunostaining for PLA2R in the glomerular capillaries, which could
indicate that the MN was primary, but serum anti-PLA2R was
detected by ELISA in three patients out of the five patients with
MN. In addition, one autopsied kidney without abnormal renal lesions
was used for the studies to clarify the relationship between the num-
ber of dissected glomeruli and the number of proteins detected in LC-
MS/MS analysis. Formalin-fixed paraffin-embedded (FFPE) tissues
from renal biopsy were used to perform LC-MS/MS analysis. Glomer-
uli obtained from the autopsied kidney, pre-transplant kidneys (at the
0-hour renal biopsy [0 hour-RBx] ) and post-transplant kidneys
(at the 1-hour renal biopsy [1 hour-RBx] ) showed no pathological
changes morphologically. The clinical findings of all patients are

shown in Table 1.

SUMMARY AT A GLANCE

This paper examined the possible application of laser
microdissection and liquid chromatography-tandem mass
spectrometry to renal biopsy specimens to clarify the patho-
genesis of human glomerular diseases.

2.2 | Examination with immunofluorescence staining

The diagnose of IgAN and MN were based on the clinical information,
laboratory data and pathological features in this study. Immunofluo-
rescence staining was performed with the use of fluorescein

isothiocyanate-conjugated antibodies against IgG, I1gM, IgA and C3.

2.3 | Sample collection and protein extraction for
LMD and LC-MS/MS

All FFPE tissues prepared from the human kidney were cut into
10 um-thick sections on glass slides (Membrane Slides, N0.11505158,
Leica Microsystems, Mannheim, Germany) coated with polyethylene
naphthalate. These sections were stained with haematoxylin to clarify
the molecular structure and dissected with the use of the Leica dissec-
tor (Leica LMD7000; Leica Microsystems). All glomeruli contained in
the sections were selected for LMD and subsequent LC-MS/MS in
this study, because in general, the deposition of immunoglobulins and
complements are usually seen in almost all glomeruli in the kidneys
with IgAN and MN, although the amount of deposition shows some
variations among the glomeruli. The dissected glomeruli were col-
lected separately into 40 pL of Tris EDTA buffer and 0.002%
Zwittergent 3-16 detergent. After centrifugation at 10 000g for
1 minute, microdissected glomerular fragments were incubated at
98°C for 90 minutes and sonicated with the ultrasonic cleaner at

room temperature for 90 minutes. Solubilised proteins were further

TABLE 1 Clinical features of transplant donors, IgAN and MN
patients

Transplant
donor (n = 5) IgAN (n = 5) MN (n = 5)
Age at Bx 60 + 11(45-73) 37 +19 54 + 19
(years) (20-68) (24-73)
SEX (M:F) 1:4 2:3 1:4
Hematuria 0 2 0
(scores)
UP-UCR 0 0.5+05 3.1+19°
(g/gCr)
Serum 0.75 + 0.06 0.68 +0.16 0.66 +0.19
creatinine (0.65-0.80) (0.48-0.88) (0.49-0.90)
(mg/dL)

3P < .05 compared to the transplant donor.
Abbreviations: Bx: biopsy; IgAN: IgA nephropathy; MN: Membranous
nephropathy; UP-UCR: urinary protein-creatinine ratio.
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digested into peptides by trypsin (Promega, Madison, Wisconsin)
overnight. Peptide concentrations of each sample were measured
with a fluorometric peptide assay (Thermo Scientific, San Jose,
California). The samples were re-dissolved in formic acid. Then,

LC-MS/MS was performed with a standardised amount of each sample.

2.4 | Proteomics by LC-MS/MS

Samples were subjected to LC-MS/MS using with the DiNa nano-LC
system (KYA TECH Corporation, Tokyo), coupled online with the Tri-
ple TOF 5600+ system (AB Sciex). LC-MS/MS raw data files were
analysed in two different algorithms (Mascot and X! Tandem). The
results were recombined and assigned probability scores of proteins
and peptides in Scaffold software (Proteome Software, Portland, Ore-
gon) in accordance with the SWISS-PROT Protein Knowledgebase.
The numerical value in the Scaffold software is called spectra value
(SV), which shows the number of peptides identified by matching the
amino-acid sequence available in the database. A higher SV indicates
a higher confidence in protein identification. A list of the proteins
identified by LC-MS/MS was generated for each sample. Peptide
identifications were recognised at 95% probability or more by the

8-10 and the proteins identified had at least

Peptide Prophet algorithm,
two matching peptides, according to the previous report of Sethi

etal?®

2.5 | Statistical analysis

The data are expressed as means + standard deviations or as medians
with interquartile ranges. Statistical analysis was performed with JMP
software, 14.0 (SAS Institute, Inc. Cary, North Carolina). The clinico-
pathological findings and SV were statistically analysed in an analysis
of variance with the non-parametric Kruskal-Wallis and Steel-Dwass
tests for multiple comparisons among 1 hour-RBx, findings in the
patients with IgAN and MN. Paired t-tests were used to compare SV
of the O hour-RBx and 1 hour-RBx findings. Statistical significance

was defined as a P value of less than .05.

2.6 | Ethical statement

This was a retrospective study; patients had the opportunity to opt
out, and those who did not were considered to have given informed
consent for their data to be studied. Approval for this study was
obtained from the Ethics Committee at Showa University Hospital,
Tokyo (approval number 2568).

3 | RESULTS

3.1 | Relationship between glomerular dissected
volume and identified protein numbers

We used three sizes of glomerular volume (3 x 10° pm®, 6 x 10° um?®
and 9 x 10° pm?3) were dissected by LMD from the autopsied kidney
and analysed for proteins identified by LC-MS/MS. Each sample was
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FIGURE 1 The relationship between the dissected glomerular

volume and the number of detected proteins. In glomerular tissue
volumes, 225 + 13 types of proteins were detected from the

3x10° pm3 sample, 276 + 16 types were detected from the

6 x 10° pm3 sample and 265 + 18 types were detected from the

9 x 10® pm?® sample. The difference between these amounts was not
significant (N.S.)

dissected from a 10-um-thick section. The number of detected pro-
teins was 225 + 13 from the 3 x 10° um® glomerular tissue sample,
276 + 16 from the 6 x 10°um® sample and 265+ 18 from the
9 x 10° pm3 sample; these amounts were not significantly different
(Figure 1). According to the result of this preliminary examination, we
decided that the dissected glomerular volume should be 3 x 10¢ pm®
because the minimal numbers of glomeruli were obtained from each

specimen.

3.2 | Protein profiles detected in glomeruli from
kidney transplant donors and comparison between
0 hour-RBx and 1 hour-RBx

To determine whether the presence of a particular protein is patho-
gnomonic for one disease, we must know which proteins exist in nor-
mal tissues. Therefore, we first examined the proteins detected from
the glomeruli of kidney transplant donors (0 hour-RBx), which are
generally considered normal glomeruli.

From the glomeruli of the O hour-RBx of the five transplant
donors, 255 + 11 types of proteins were detected, whereas from
those of 1 hour-RBx, 202 + 38 types of proteins were detected. The
major proteins detected from O hour-RBx glomeruli are listed in
Table 2. The major proteins in the highest numbers were cell structure
proteins, such as cytokeratin, alpha-actinin and tubulin. Podocyte-
related proteins such as synaptopodin, podocin and podocalyxin were

also detected but at lower levels of SV. The other detected proteins
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TABLE 2 Main protein detected from O hour RBx

Spectra value

Name of proteins Average + SD

1. Cytoskeleton protein

Vimentin 423.0 +£203.0
Keratin, type Il cytoskeletal 1 171.6 = 60.0
Keratin, type | cytoskeletal 16 125.0 £ 84.0
Alpha-actinin-4 169.0 £ 43.0
Tubulin alpha-1A 109.0 £ 22.0
Actin, cytoplasmic 1 155.4 + 58.0
Myosin-9 130.2 £ 30.0

2. Nuclear protein
Histone H2A 744 £16.0
Histone H2B 98.8 £29.0
Prelamin-A/C 20.0+2.0

3. Extra cellular matrix protein
Collagen alpha-1(IV) 1.8+0
Collagen alpha-2(IV) 94+20
Collagen alpha-3(IV) 1.6+0
Collagen alpha-4(IV) 3.6+10
Collagen alpha-1(VI) 84+10
Collagen alpha-2(VI) 58+1.0
Collagen alpha-3(VI) 63.6+1.0
Laminin subunit alpha-5 23.8+4.0
Laminin subunit beta-2 490+7.0
Fibronectin 92+20

4. Epithelial cell related protein
Synaptopodin 10.0+ 2.0
Podocin 30+0
Podocalyxin 300

5. Endothelial cell related protein
Clathrin 72+10
Chloride intracellular channel protein 5 30+10

were nucleus-related proteins, such as histone and prelamin. Some
extracellular matrix-related proteins, such as type IV collagen alpha-3
and type IV collagen alpha-4, were also detected.

To evaluate the influence of blood components in glomerular sam-
ples, we compared the O hour-RBx and 1 hour-RBx samples of each
of the five kidney transplant donors because the blood-derived pro-
teins were eliminated in the O hour-Rbx samples due to the graft per-
fusion of preservation solution after removal of the kidneys, whereas
the 1 hour-RBx contained blood-derived proteins by reperfusion of
the blood. Table 3 shows the comparison of SV of the blood con-
cerned proteins identified in the O hour-RBx and 1 hour-RBx samples.
Levels of haemoglobin subunit p (46.2+19.0 vs 133.8 + 53.0;
P = .042), albumin (46.8 £ 27.0 vs 96.6 + 74.0; P = .048), Igk light
chain (9.4 +3.0vs 19.2+7.0; P = .031), IgG1 (2.0 £ 1.0 vs 6.0 £ 2.0;
P =.029) and IgA1 (1.0 £ O vs 2.6 = 1.0; P = .028) were all significantly

lower in the O hour-RBx samples than in the 1 hour-RBx samples.
Levels of C3(3.0+1.0vs 1.6+ 1.0; P=.054)and C9 (3.0 +1.0vs 1.8
+ 1.0; P = .054) showed no significant differences. The reason for the
increased C3 and C9 in the 0 hour-RBx samples was uncertain but it
may reflect the complement activation due to ischemia after removal
of the graft.

These results indicate that the blood components present in glo-
merular capillaries can influence the results of glomerular mass spec-
trometry in kidney biopsy samples, especially in the interpretation of
immunoglobulins and complements as the glomerular depositions in
the diagnosis of various forms of glomerulonephritis. For these rea-
sons, 1 hour-RBx samples obtained from kidney donors were used as
the controls in the subsequent studies of IgAN and MN to minimize

the effects of blood components present in the glomerular capillaries.

3.3 | Glomerular protein profile in IgAN

We detected 483 + 11 types of proteins from the glomeruli in the five
cases of IgAN, and compared them with those detected from the con-
trol glomeruli (1 hour-RBx). The major proteins whose levels were sig-
nificantly elevated in the glomeruli of IgAN were four types of
immunoglobulin proteins, including IgA1 (14.0+20 vs 3.0+ 1.0;
P =.003), and four types of complement proteins, including C3 (64.0
+250 vs 1.6+1.0; P = .037) in comparison with the controls
(Table 4). In addition, we found significant elevations in the levels of
four types of elongation factors, nine types of heat shock proteins
(HSP) and four types of peroxiredoxins, which are associated with cel-

lular proliferation, metabolism and oxidative stress, respectively.

3.4 | Glomerular protein profile in MN

We detected 426 + 27 types of proteins from the glomeruli in the five
cases of MN and compared them with those detected from the con-
trol glomeruli. The major proteins whose levels were significantly ele-
vated in the glomeruli of MN were two types of immunoglobulin
proteins, including 18G4 (9.6 + 3.0 vs 1.6 + 1.0; P = .030), twelve types
of complement proteins, including C3 (102.0+15.0 vs 1.6 +1.0;
P = .001), C4A (63.0 + 23.0 vs 1.0 + 0; P = .028) and phospholipase
A2 receptor (PLA2R; 5.3 + 2.0 vs 0, P = .040; Table 5). In addition, we
found elevations in the levels of two types of elongation factors, four
types of HSP and three types of peroxiredoxins in MN, as observed
in IgAN.

3.5 | Quantitative property of SV obtained from LC-
MS/MS: a correlation with immunofluorescence
intensity

To examine quantitative properties of LC-MS/MS, the SV of IgA and
C3in IgAN, and those of 1gG4, C3 and PLA2R in MN were compared
with their immunofluorescence intensities. Significant positive correla-
tions between SV and immunofluorescent intensities were observed
in IgA (y = 8.197x + 2.262, r* = .940) and C3 (y = 105.38x + 1.189,
r? = .807) in IgAN, 1gG4 (y = 7.021x + 0.237, r?> = .725) and C3
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TABLE 3 Changes of blood-derived proteins between time-zero renal biopsy(0 hour-RBx) and time-1 hour renal biopsy(1 hour-RBx) of

patients

Average + SD

Name of proteins Uniprot accession 0 hour-RBx 1 hour-RBx Fold change P-Value
Blood cell components
Hemoglobin subunit alpha P69905 19.8+7.0 51.8+19.0 2.62 .052
Hemoglobin subunit beta P68871 46.2 +19.0 133.8 + 53.0 2.89 .0422
Plasma components
Albumin P02768 46.8 +12.0 96.6 £ 33.0 2.06 .048°
Ig kappa chain C region P01834 9.4 +30 19.2+7.0 2.04 .0312
Ig gamma-1 chain C region P01857 20+1.0 60120 3.00 .029?
Ig alpha-1 chain C region P01876 10+0 26+10 2.60 .028?
Ig gamma-2 chain C region P01859 <1 <1
Complement C3 P01024 3.0+10 1.6 +1.0 0.53 .054
Complement C4-A POCOL4 0.8+0 1.0+0 1.13 .573
Complement C9 P02748 30+1.0 1.8+ 1.0 0.60 .054
Fibrinogen alpha chain P02671 <1 <1
Fibrinogen gamma chain P02679 <1 <1

2P < .05 between the patients with O hour-RBx and 1 hour-RBx.

(v = 73.609x + 11.515, r? = .752) in MN (Figures 2 and 3, Figure S1),
although no significant correlation was observed with PLA2R. No sig-
nificant correlations were observed between these SVs of the depos-
ited proteins and the clinical and histological findings in the IgA and
MN patients.

4 | DISCUSSION

4.1 | Adequate sample type and amount for LMD
and LC-MS/MS analysis

Pathological specimens for subjected to LMD and LC-MS/MS analysis
may be either frozen or from FFPE sections. In renal biopsy, Finne
et al'*"*2 reported that there was no difference in the protein num-
bers detected by LMD and LC-MS/MS between the frozen and FFPE
sections. Because FFPE blocks usually contained more numbers of
glomeruli than frozen specimens, we decided to use FFPE sections for
this glomerular proteomics study. Next, we examined adequate
amounts of the samples required for LC-MS/MS. In previous
reports, 2’ a minimum of 4 to 100 glomeruli had to be dissected from
10-pm-thick sections. We think that this number depends on the pur-
pose of the study, the amount of the targeted protein, and the sensi-
tivity of mass spectrometer used. Aoki et al** used a 6 x 10° pm3
glomerular volume for LC-MS/MS, we used three sizes of glomerular
volume: 3 x 10° um® (which vyielded ~12 glomeruli), 6 x 10° and
9 x 10° um?®, dissected from 10-pm-thick sections. There were no sig-
nificant differences in the number of proteins detected by LC-MS/MS
from the three dissected volumes. The reason why the detected num-

ber did not increase as the applied sample volume increased may have

been related to a limitation of dissolved peptide numbers in 40 pL of
buffer used in this study, or it may have been related to a limitation in
the sensitivity of our mass spectrometer. According to the result of
this preliminary examination, we decided that the dissected glomeru-
lar volume should be 3 x 10° um® because the minimal numbers of

glomeruli were obtained from each specimen.

4.2 | Detection and quantification of glomerular
deposits in IgAN and MN by LMD and LC-MS/MS

Our results confirmed that all proteins detected by IF can be identified
by LMD and LC-MS/MS, with regard to the molecules pathognomonic
for certain diseases, such as IgA1 and C3 in IgAN and IgG4, C3, C4A
and PLA2R in MN. These results indicated that LMD and LC-MS/MS
can be used for the diagnosis of glomerular disease.

Next, we examined whether LMD and LC-MS/MS can be utilised
for quantitative evaluation. Before we conducted the LC-MS/MS, we
measured the amount of peptides in the sample by the fluorometric
peptide assay method, corrected the sample volumes to the standard
amount of peptide (300 ng) and then applied them to LC-MS/MS. Sig-
nificant positive correlations were observed between SV and semi
quantitative grades of IF intensity of IgA and C3 in IgAN and of 1gG4
and C3 in MN. Although there are some methodological problems for
using LC-MS/MS in the quantitative analysis, SV obtained by LC-MS/
MS might be helpful as indicators of diagnostic confidence for the
diagnosis of renal disease.

An interesting result of this study suggested a possible contribution
of the lectin pathway in the pathogenesis of MN, demonstrated by

detection of greater amounts of C4A in MN samples than in control
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TABLE 4 Major proteins that were elevated in IgAN
Spectra value (average + SD)
ISAN 1 hour-RBx P score
Immunoglobulin
Ig alpha-1 chain C IGHA1 140+20 3.0+10 .003
Ig gamma-1 chain C region IGHG1 200+ 20 6.0+20 .003
lg gamma-2 chain C region IGHG2 13.0+1.0 0 .001
Ig mu chain C region IGHM 50+10 0 .001
Complement
Complement C3 C3 64.0+25.0 1.6 +1.0 .037
Complement C4-A C4A 80+20 1.0+0 .013
Complement component C9 c9 120+ 4.0 1.8+1.0 .046
Complement receptor type 1 CR1 22+0 02+0 .003
Peroixiredoxin
Peroxiredoxin-1 PRDX1 100+1.0 3.0+10 .001
Peroxiredoxin-2 PRDX2 8010 24+10 .006
Thioredoxin-dependent peroxide reductase, PRDX3 20+0 0 .001
mitochondrial
Peroxiredoxin-5, mitochondrial PRDX5 300 040 .001
Heat shock protein
Heat shock 60 kDa protein HSPD1 3.0+1.0 02+0 .001
Heat shock 70 kDa protein 1A 30.0+3.0 10.6 £ 3.0 .001
Heat shock 70 kDa protein 12A HSPA12A 3.0+10 02+0 .006
Stress-70 protein, mitochondrial HSPA9 1.0+0 0 .020
Heat shock cognate 71 kDa protein HSPAS8 28.0 + 3.0 64 +30 .001
78 kDa glucose-regulated protein HSPA5 9.0+1.0 20+1.0 .001
Heat shock protein HSP 90-alpha HSP90AA1 19.0+ 2.0 54+20 .001
Endoplasmin HSP90B1 9.0+1.0 20+1.0 .001
Elongation factor
Elongation factor 1-alpha 1 EEF1A1 20.0+20 6.0+3.0 .003
Elongation factor 1-delta EEF1D 1.0+0 02+0 .032
Elongation factor 1-gamma EEF1G 1.0+0 0 .002
Elongation factor 2 EEF2 40+10 08+0 .007

and IgAN samples, whereas greater amounts of C1 was not detected.
These results are consistent with those of previous reports demonstrat-

ing increased activation of lectin pathway in idiopathic MN.1>16

4.3 | Bioactive molecules associated with the
pathogenesis of human glomerulonephritis

Because LC-MS/MS is a method for all-inclusive proteomics analysis,
its results revealed unexpected molecular candidates associated with
the pathogenesis of certain diseases. In this study, the levels of sev-
eral bioactive proteins including peroxiredoxin, elongation factor and
HSP were higher in the glomeruli of IgAN and MN samples than in
those of the control samples.

Peroxiredoxin is an oxidoreductase present in cytoplasm of vari-

ous cells, and its function is to protect cells from oxidative stress.t’18

In an experimental mouse model of renal fibrosis, oxidative stress
induced tubular atrophy and interstitial fibrosis were suppressed in
the mice that overexpressed peroxiredoxin-1.1° In humans, expression
of peroxiredoxin-1 and peroxiredoxin-2 were increased in the
podocytes of patients with advanced cases of diabetic nephropathy.?°
In various forms of glomerulonephritis, oxidative stress can be
enhanced in glomerular cells, and this may induce the expression of
peroxiredoxin to protect the cells against oxidative stress.

Our results also revealed a significant elevation in HSP70, 71 and
90 in IgAN and MN samples in comparison with the control samples.
HSP is a molecular chaperones that are upregulated when cells are
exposed to various stresses such as hyperthermia, cold and anoxia.?*
Molecular chaperones function to repair proteins denatured by vari-
ous stressors, to prevent further denaturation, and to maintain the

cellular structure.?? In the patients with chronic glomerulonepbhritis,
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Spectra value (average + SD)

MN 1 hour-RBx P score
Immunoglobulin
Cluster of Ilg gamma-1 chain C region IGHG1 252+70 6.0+20 .030
Ig gamma-4 chain C region IGHG4 9.6 +3.0 1.6+1.0 .030
Secretory phospholipase A2 receptor PLA2R1 53+20 0 .040
Complement
Complement factor H CFH 8.0+20 0 .001
Complement factor H-related protein 2 CFHR2 20+10 0 .041
Complement factor H-related protein 3 CFHR3 1.0+0 0 .013
Complement factor H-related protein 5 CFHR5 50+20 0 .035
Complement C3 C3 102.0 £ 15.0 1.6+1.0 .001
Cluster of complement C4-A C4A 63.0+23.0 1.0+0 .028
Complement C5 C5 13.0+4.0 0 .015
Complement component Cé Cé 3.0+10 0 .013
Complement component C7 c7 20+1.0 0 .038
Complement component C8 beta chain C8B 20+1.0 0 .027
Complement component C8 gamma chain C8G 20+10 0 .005
Complement component C9 c9 16.0 £ 3.0 1.8+1.0 .002
Peroixiredoxin
Peroxiredoxin-1 PRDX1 70+10 30+10 .008
Peroxiredoxin-2 PRDX2 70£10 24+£10 .006
Thioredoxin-dependent peroxide reductase, PRDX3 20+0 0 .007
mitochondrial
Heat shock protein
Stress-70 protein, mitochondrial HSPA9 1.0+0 0 .002
Heat shock cognate 71 kDa protein HSPA8 19.0+ 2.0 64 +30 .011
78 kDa glucose-regulated protein HSPA5 70+10 20+1.0 .006
Endoplasmin HSP90B1 500 20+10 .005
Elongation factor
Elongation factor 1-alpha EEF1A 13.0+0 60+30 .068
Elongation factor 1-delta EEF1D 1.0+0 020 .012
Elongation factor 1-gamma EEF1G 1.0+0 0 .019

increased expression of HSP70 in renal tissue was correlated with an
increased degree of proteinuria.?® Therefore, HSP can be expressed in
glomeruli of various glomerulonephritis as a protective response to
various factors related to glomerular injury.

Elongation factor plays an important role to elongate the peptide
during protein synthesis. It is also up-regulated when cells are damaged
by oxidative stress, and it can be used as a marker of oxidative stress.2*
In a mouse diabetic model, expression of elongating factor la was ele-
vated and induced renal enlargement as a result of increased protein
synthesis.?> These results suggested that elongation factor can be associ-
ated with mesangial proliferation and increased production of mesangial
matrix proteins, such as collagen and fibronectin, in human IgAN.

LC-MS/MS can detect several unknown proteins associated with

cellular function, which can elucidate the cellular responses in human

glomerulonephritis. Further investigations are required to elucidate
whether peroxiredoxin, HSP, and elongation factor are useful as bio-
markers of disease activity and specificity for the diagnosis of IgAN
and MN.

Our study has several limitations. First, this is an exploratory study
to seek the usefulness of LC-MS/MS for diagnosis and pathophysiolog-
ical understanding of glomerular diseases. No novel methodology or
new protein which is confirmed by other methods such as immunohis-
tochemistry was reported. Our manuscript demonstrates the practical
methods of LC-MS/MS applying renal biopsy samples to the diagnosis
and the detection of some regulatory proteins of glomerular diseases.
We also demonstrates the glomerular protein profiles of normal and
diseased kidneys detected by LC-MS/MS, which will be helpful for

future studies as a reference. Second, because of the exploratory
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observed

nature of this study, the numbers of the patients was small to evalu-
ate the significances of the detected proteins or their quantitative
correlations to clinical and histological findings; such as Oxford
criteria for IgA nephropathy and Ehrenreich-Churg staging for
MN. Third, we have not performed the immunohistochemical study
to conform the presence of the candidate proteins which were
detected relatively higher in the IgAN and MN than the controls.
This should be done in the further studies with increased numbers
of the patients and confirmative information as the candidate pro-

teins for the pathogenesis of glomerular diseases. Fourth, the limited

protein detection sensitivity of our mass spectrometry apparatus.
The improvement of the sensitivity of mass spectrometry will make
it possible to perform more precise comprehensive evaluation of

proteomics using limited biopsied specimens.

5 | CONCLUSION

In this study, we performed proteomics analysis of IgAN and MN by
LMD and LC-MS/MS. Immunoglobulins and complements, which are
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essential for the diagnosis of both diseases, can be detected by LC-
MS/MS, and certain positive correlations were observed between
their immunofluorescence intensities and the SV obtained by LC-MS/
MS. In addition, increases in the levels of several proteins, such as per-
oxiredoxin, HSP and elongation factor, were detected, which suggest
that these molecules might be associated with cellular functions in
human glomerulonephritis. Although further study is necessary to elu-
cidate the relevance of LMD and LC-MS/MS, they can be useful for
the diagnosis, pathophysiological understanding and exploration of

novel biological markers of human glomerular diseases.
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