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Figure 2. Kinetics of injected fluorescently labeled IgA in a fluorescence molecular tomography system. A fluorescence molecular
tomography system (FMT) is capable of resolving size and concentration of fluorochromes in deep tissue in vivo. Fluorescein-labeled IgA samples
from gddY and Balb/c mice were injected into nude mice and monitored from 10 min to 24 h postinjection by FMT. After 2 h, IgA signals in the liver
and bladder were found in a similar manner in both the groups of nude mice. However, IgA signals in the kidneys clearly differed between them.
Mice injected with gddY IgA showed strong signals in the kidneys, with a peak at 4 h.

doi:10.1371/journal.pone.0113005.g002

components, losing nephritogenicity. However, because these
deposits were present in old ddY recipients after BMT, such
organized IgA may still have epitopes that the fluorescence-labeled
anti-IgA antibody recognizes. Therefore, present BMT models
indicate that glomerular IgA in IgAN patients may be mixed with
freshly-delivered nephritogenic IgA and non-inflammatory orga-
nized IgA, particularly in those with a longer disease history. This
finding may also partly explain the discrepancy between the
amount of IgA deposition and severity of glomerular lesions in
human IgAN.

Although most glomeruli in mice injected with gddY IgA
showed mesangial IgA deposition, deposits along capillaries were
detected in a focal and segmental manner. In vivo serial imaging
showed that such subendothelial/subepithelial IgA deposits
seemed to be formed as a result of an accumulation on the
focal/segmental initial aggregates of IgA, suggesting that the initial
aggregates (microdeposits) may change the local physiological
conditions, thereby leading to the increased glomerular affinity of
IgA. These physiological changes may include the local deceler-
ation of the glomerular capillary flow or increased permeability of
the glomerular basement membrane interposed between the
endothelial and epithelial layers [41-43]. These deposits along
glomerular capillaries were indeed found along with morpholog-
ical changes in glomerular endothelial cells and podocytes, even
after 2 h. This phenomenon is suggestive of a rapid activation of
glomerular resident cells by IgA deposition. We can speculate that
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such rapid activation (particularly in the endothelial cells,
presumably in combination with slow blood flow) may facilitate
leukocyte adhesion to the deposits and their subsequent clearance
and/or inflammatory responses [44], [45], leading to hematuria in
IgAN. This real-time imaging showed increased passage of IgA
into glomerular mesangial lesions and the relevant glomerular pole
after 2h (data not shown), suggesting that subendothelial/
subepithelial deposits may induce permeability factors, such as
vascular endothelial growth factor (VEGT), and increase the flow
of plasma into the mesangium and subsequent interstitium/lymph
via the glomerular pole. Thus, nephritogenic IgA deposition may
induce dynamic alterations in the glomerulus and subsequent
glomerular and interstitial injury.

This study revealed the kinetics of glomerular deposition over
the course of IgA-induced IgAN. These IgA molecules have a
strong affinity for focal and segmental subendothelial, subepithe-
lial, and glomerular mesangial lesions. Rapid cellular activation of
endothelial cells and podocytes by IgA deposition may precede the
events of hematuria in IgAN. The significant differences between
human and murine IgAN limit the translation of these data to the
human disease. Further, similar study using human GdIgAl is
needed. However, the present findings regarding the kinetics of
IgA deposition may indicate that not only glomerular mesangial
cells but also endothelial cells and podocytes are plausible targets
of glomerular injury in IgAN.
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Figure 3. IgA from gddY mice is deposited along the glomerular capillary wall in a focal and segmental manner. Detailed kinetics of
IgA deposition analyzed from 1 min to 2 h postinjection using confocal laser microscopy. Alexa Fluor 633-labeled IgA from gddY and Balb/c mice
(red) and 500-kDa fluorescein-labeled dextran (green) were injected for analyzing kinetics of IgA deposition and visualizing blood vessel wall integrity,
respectively. (a) IgA signals were detectable even after 1 min and accumulated up to 2 h in a focal and segmental manner in mice with IgA from
gddY mice. In contrast, mice who received Balb/c IgA did not show a signal even after 2 h. (b)(c) Serial images of a glomerulus in mice with IgA from
gddY mice showed that these IgA molecules accumulated on top of the initial aggregates along the glomerular capillaries. These aggregates were

found in a focal and segmental manner but not in a diffuse and global manner.

doi:10.1371/journal.pone.0113005.g003

Supporting Information

Video S1 In vivo 3D imaging of glomerulus after
injection of nephritogenic IgA. 3D images of glomeruli at
2 hours after single injection of purified IgA from gddY mice were
evaluated by a confocal laser microscopy. Alexa Fluor 633-labeled
IgA from gddY (red) and 500-kDa fluorescein-labeled dextran
(green) were injected for analyzing kinetics of IgA deposition and
visualizing blood vessel wall integrity, respectively. IgA signals
were detectable after 2 h in a focal and segmental manner in mice
with IgA from gddY mice.

(MOV)

Video 82 In wvive 3D imaging of glomerulus after
injection of IgA from Balb/c mice. 3D images of glomeruli
at 2 hours after single injection of purified IgA from Balb/c mice
were evaluated by a confocal laser microscopy. Alexa Fluor 633-
labeled IgA from and Balb/c mice (red) and 500-kDa fluorescein-
labeled dextran (green) were injected for analyzing kinetics of IgA
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deposition and visualizing blood vessel wall integrity, respectively.
IgA signals were detectable after 2 h in a focal and segmental
manner in mice with IgA from gddY mice (Video images S1 and
S3). In contrast, mice who received Balb/c IgA did not show clear
signals after 2 h.

MOV)

Video 83 In vivo real-time imaging of glomerulus after
injection of nephritogenic IgA. Real-time images of glomeruli
at 2 hours after single injection of purified IgA from gddY mice
were evaluated by a confocal laser microscopy. Alexa Fluor 633-
labeled TgA from gddY mice (red) and 500-kDa fluorescein-labeled
dextran (green) were injected for analyzing kinetics of IgA
deposition and visualizing blood vessel wall integrity, respectively.
IgA signals were detectable after 2 h in a focal and segmental
manner in mice with IgA from gddY mice.

MOV)
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Figure 4. Glomerular IgA deposits in old gddY mice did not disappear after bone marrow transplantation (BMT) despite
improvement in proteinuria. BM cells from healthy Balb/c mice were transplanted into young (8 weeks) and old (20 weeks) gddY mice at an early
stage of disease, Although proteinuria was present in the young and old recipients 12 weeks after BMT, fluorescence analysis still detected glomerular
lgA deposition in.old gddY recipients but not in young gddY recipients (left panels). Electron microscopy still detected paramesangial dense deposits

showing fibrous and lattice structures in the old recipients (right panel).

doi:10.1371/journal.pone.0113005.g004

Video $4 In vivo real-time imaging of glomerulus after
injection of IgA from Balb/c mice. Real-time images of
glomeruli at 2 hours after single injection of purified IgA from
Balb/c¢ mice were evaluated by a confocal laser microscopy. Alexa
Fluor 633-labeled IgA from Balb/c mice (red) and 500-kDa
fluorescein-labeled dextran (green) were injected for analyzing
kinetics of IgA deposition and visualizing blood vessel wall
integrity, respectively. IgA signals were detectable after 2 h in a
focal and segmental manner in mice with IgA from gddY mice
(Video images S1 and S3). In contrast, mice who received Balb/c
IgA did not show clear signals after 2 h.

MOV)

References

1. Suzuki H, Moldoveanu Z, Hall S, Brown R, Vu HL, et al. (2008) IgAl-secreting
cell lines from patients with IgA nephropathy produce aberrantly glycosylated
IgAl. J Clin Invest. 118: 629-639.

2. Suzuki H, Kiryluk K, Novak J, Moldoveanu Z, Herr AB, et al. (2011) The
pathophysiology of IgA nephropathy. J Am Soc Nephrol. 22: 1795-1803.

3. Whyatt R, Julian BA (2013) IgA nephropathy. N Engl J Med. 368: 2402-2414.

4. D’Amico G (1987) The commonest glomerulonephritis in the world: IgA
nephropathy. Q J Med. 64: 709-727.

5. Donadio JV Jr, Grande JP (1997) Immunoglobulin A nephropathy: a clinical
perspective. J Am Soc Nephrol. 8: 1324-1332.

6. Moreno JA, Martin-Cleary C, Gutiérrez E, Rubio-Navarro A, Ortiz A, et al.
(2012) Haematuria: the forgotten CKD factor? Nephrol Dial Transplant. 27:
28-34.

7. Julian BA, Cannon VR, Waldo FB, Egido J (1991) Macroscopic hematuria and
proteinuria preceding renal IgA deposition in patients with IgA nephropathy.
Am J Kidney Dis. 17: 472-479.

8. Galla JH (1995) IgA nephropathy. Kidney Int. 47: 377-387.

9. Suzuki H, Fan R, Zhang Z, Brown R, Hall S, et al. (2009) Aberrantly
glycosylated IgAl in IgA nephropathy patients is recognized by IgG antibodies
with restricted heterogeneity. J Clin Invest. 119: 1668-1677.

10. Hebert LA (1988) Disposition of IgA-containing circulating immune complexes.
Am J Kidney Dis. 12: 388-392.

11. Suzuki H, Suzuki Y, Yamanaka T, Hirose S, Nishimura H, et al. (2005)
Genome-wide scan in a novel IgA nephropathy model identifies a susceptibility

PLOS ONE | www.plosone.org

Acknowledgments

The authors thank T. Shibata, M. Yamada, and all members of the
laboratory for technical support and helpful discussions.

Author Contributions

Conceived and designed the experiments: YT YS KY HS SH JN.
Performed the experiments: KY YS HS KS. Analyzed the data: KY YS.
Contributed reagents/materials/analysis tools: KY YS HS KS. Wrote the
paper: KY YS.

locus on murine chromosome 10, in a region syntenic to human IgANI on
chromosome 6¢22-23. J Am Soc Nephrol. 16: 1289-1299.

12. Okazaki K, Suzuki Y, Otsuji M, Suzuki H, Kihara M, et al. (2012) Development
of a model of carly-onset IgA nephropathy. J] Am Soc Nephrol. 23: 1364-1374.

13. Suzuki Y, Tomino Y (2008) Potential immunopathogenic role of the mucosa-
bone marrow axis in IgA nephropathy: Insights from animal model. Semin
Nephrol. 28: 66-77.

14. Hashimoto A, Suzuki Y, Suzuki H, Ohsawa I, Brown R, et al. (2012)
Determination of severity of murine IgA nephropathy by glomerular
complement activation by aberrantly glycosylated IgA and immune complexes.
Am J Pathol. 181: 1338-1347.

15, Suzuki H, Suzuki Y, Aizawa M, Yamanaka T, Kihara M, et al. (2007) Thl
polarization in murine IgA nephropathy directed by bone marrow-derived cells.
Kidney Int. 72: 319-327.

16. Nakata J, Suzuki Y, Suzuki H, Sato D, Kano T, et al. (2013) Experimental
evidence of cell dissemination playing a role in pathogenesis of IgA nephropathy
in multiple lymphoid organs. Nephrol Dial Transplant. 28: 320-326.

17. Aizawa M, Suzuki Y, Suzuki H, Pang H, Kihara M, et al. (2007) Roles of bone
marrow, mucosa and lymphoid tissues in pathogenesis of murine IgA
nephropathy. Contrib Nephrol. 157: 164-168.

18. Aizawa M, Suzuki Y, Suzuki H, Pang H, Kihara M, et al. (2014) Uncoupling of
glomerular IgA deposition and discase progression in alymphoplasia mice with
IgA nephropathy. PLoS One. 9: €95365.

November 2014 | Volume 9 | Issue 11 | 113005

158"



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

. Suzuki H, Suzuki Y, Narita I, Aizawa M, Kihara M, et al. (2008) Toll-like

receptor 9 aflects severity of IgA nephropathy. J Am Soc Nephrol. 19: 2384
2395.

Kajiyama T, Suzuki Y, Kihara M, Suzuki H, Horikoshi S, Tomino Y. (2011)
Different pathological roles of toll-like receptor 9 on mucosal B cells and
dendritic cells in murine IgA nephropathy. Clin Dev Immunol. 2011: 819646.
Maiguma M, Suzuki Y, Suzuki H, Okazaki K, Aizawa M, et al. (2014) Dietary
zinc is a key environmental modifier in the progression of IgA nephropathy.
PLoS One. 9: €90558.

Sato D, Suzuki Y, Kano T, Suzuki H, Matsuoka J, et al. (2012) Tonsillar TLR9
expression and efficacy of tonsillectomy with steroid pulse therapy in IgA
nephropathy patients. Nephrol Dial Transplant. 27: 1090-1097.

Nakata J, Suzuki Y, Suzuki H, Sato D, Kano T, Yanagawa H, et al. (2014)
Changes in nephritogenic serum galactose-deficient IgA1 in IgA nephropathy
following tonsillectomy and steroid therapy. PLoS One 9: €89707.

Cameron JS, Clark WF (1982) A role for insoluble antibody-antigen complexes
in glomerulonephritis? Clin Nephrol. 18: 55-61.

Rifai A, Mannik M (1983) Clearance kinetics and fate of mouse IgA immune
complexes prepared with monomeric or dimeric IgA. J Immunol. 130: 1826-32.
Rifai A, Mannik M (1984) Clearance of circulating IgA immune complexes is
mediated by a specific receptor on Kupffer cells in mice. ] Exp Med. 160: 125—
137.

Rifai A (1987) Experimental models for IgA-associated nephritis.. Kidney Int 31:
1-7.

Ward DM, Lee S, Wilson CB (1986) Direct antigen binding to glomerular
immune complex deposits. Kidney Int. 30: 706-711.

Roccatello D, Picciotto G, Ropolo R, Coppo R, Quattrocchio G, et al. (1992)
Kinetics and fate of IgA-IgG aggregates as a model of naturally occurring
immune complexes in IgA nephropathy. Lab Invest. 66: 86-95.

Monteiro RC, Halbwachs-Mecarelli L, Roque-Barreira MC, Noel LH, Berger J,
et al. (1985) Charge and size of mesangial IgA in IgA nephropathy. Kidney Int.
28: 666-671.

Hiki Y, Kokubo T, Iwase H, Masaki Y, Sano T, et al. (1999) Underglycosylation
of IgAl hinge plays a certain role for its glomerular deposition in IgA
nephropathy. J Am Soc Nephrol. 10: 760-769.

Nishie T, Miyaishi O, Azuma H, Kameyama A, Naruse C, et al. (2007)
Development of immunoglobulin A nephropathy-like disease in B-1,4-galacto-
syltransferase-I-deficient mice. Am J Pathol. 170: 447-456.

Kobayashi I, Nogaki F, Kusano H, Ono T, Miyawaki S, et al. (2002)
Interleukin-12 alters the physicochemical characteristics of serum and

PLOS ONE | www.plosone.org

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

159

The Kinetics of Glomerular IgA Deposition

glomerular IgA and modifies glycosylation in a ddY mouse strain having high
IgA levels. Nephrol Dial Transplant. 17: 2108-2116.

Berthoux F, Suzuki H, Thibaudin L, Yanagawa H, Maillard N, et al. (2012)
Autoantibodies targeting galactose-deficient IgAl associate with progression of
IgA nephropathy. J] Am Soc Nephrol. 23: 1579-1587.

Suzuki Y, Matsuzaki K, Suzuki H, Okazaki K, Yanagawa H, et al. (2014) Serum
levels of galactose deficient IgAl and related immune complex are associated
with disease activity of IgA nephropathy. Clin Exp Nephrol. Available: http://
link.springer.com/content/pdf/ 10.1007%2Fs10157-013-0921-6.pdf Accessed
2014 July 13.

Barratt J, Smith AC, Molyneux K, Fechally J (2007) Immunopathogenesis of
IgAN. Semin Immunopathol. 29: 427443,

Iwata Y, Wada T, Uchiyama A, Miwa A, Nakaya I, et al. (2006) Remission of
IgA nephropathy after allogeneic peripheral blood stem cell transplantation
followed by immunosuppression for acute lymphocytic leukemia. Intern Med.
45: 1291-1295.

van den Wall Bake AW, Daha MR, van Es LA (1989) Immunopathogenetic
aspects of IgA nephropathy. Nephrologie. 10: 141-145.

Suzuki Y, Tomino Y (2007) The mucosa-bone-marrow axis in IgA nephropathy.
Contrib Nephrol. 2007; 157: 70-79.

Zuo N, Suzuki Y, Sugaya T, Osaki K, Kanaguchi Y, et al. (2011) Protective
effects of tubular liver-type fatty acid-binding protein against glomerular damage
in murine IgA nephropathy. Nephrol Dial Transplant. 26: 2127-2137.

Suzuki Y, Shirato I, Okumura K, Ravetch JV, Takai T, et al. (1998) Distinct
contribution of Fc receptors and angiotensin II-dependent pathways in anti-
GBM glomerulonephritis. Kidney Int. 54: 1166-1174.

Boyce NW, Holdsworth SR (1987) Intrarenal hemodynamic alterations induced
by anti-GBM antibody. Kidney Int. 31: 8-14.

Suzuki Y, Gémez-Guerrero C, Shirato I, Lépez-Franco O, Hernandez-Vargas
P, et al. (2002) Susceptibility to T cell-mediated injury in immune complex
disease s linked to local activation of renin-angiotensin system: the role of NF-
AT pathway. ] Immunol. 169: 4136-4146.

Auffray C, Fogg D, Garfa M, Elain G, Join-Lambert O, et al. (2007) Monitoring
of blood vessels and tissues by a population of monocytes with patrolling
behavior. Science. 317: 666-670.

Devi S, Li A, Westhorpe CL, Lo CY, Abeynaike LD, et al. (2013) Multiphoton
imaging reveals a new leukocyte recruitment paradigm in the glomerulus. Nat
Med. 19: 107-112.

November 2014 | Volume 9 | Issue 11 | 113005



Journal of Clinical Laboratory Analysis 27: 333-338 (2013)

Usefulness of HPLC Assay for Early Detection of
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Background: Since the degree and increase
of albuminuria predict cardiovascular and
renal diseases even within the range of
normoalbuminuria. The high-performance
liquid chromatography (HPLC) assay has
been reported as a useful tool for earlier
detection of microalbuminuria than turbidi-
metric immunoassay (TIA) in diabetes but
has not been evaluated for other common
diseases that caused chronic kidney dis-
ease (CKD). Methods: We measured al-
bumin in spot urine by TIA and HPLC
assay in 119 patients with diabetes, hy-
pertension, IgA nephropathy in complete
remission, or autosomal-dominant polycys-
tic kidney disease whose dipstick screen-
ing tests were negative. Resulfs: There
were significant correlations (r = 0.946) be-
tween TIA and HPLC assay, and the ra-
tios of urine albumin/creatinine (ACR) mea-

sured by HPLC assay were always higher
than those measured by TIA. The value
of microalbuminuria was highest in IgA
nephropathy patients, and higher in dia-
betic patients with hypertension than in
those without hypertension. Fifty-one pa-
tients were classified as having normoal-
buminuria and 42 as having microalbumin-
uria by both TIA and HPLC assay. However,
26 patients (21.8%) were classified having
as normoalbuminuria by TIA but microal-
bumnuria by HPLC assay. Three of these
patients were reclassified as microalbumin-
uria by both assays within 1 year. Conclu-
sion: These results suggest that ACR mea-
surements by HPLC assay are better than
TIA for early detection and monitoring of mi-
croalbuminuria in patients with diabetes and
hypertension. J. Clin. Lab. Anal. 27:333—
338, 2013. © 2013 Wiley Periodicals, Inc.

Key words: immuno-unreactive albumin; intact albumin; turbidimetric immunoassay; ratios
of urine albumin/creatinine; normoalbuminuria

INTRODUCTION

Microalbuminuria has been identified as an indepen-
dent risk factor for chronic kidney disease (CKD), car-
diovascular disease, and cerebrovascular disease in the
general population (1-4). Screening for microalbuminuria
is recommended in patients with diabetes or hypertension
to aid in risk stratification and target treatment. Several
reports have indicated that higher concentration of uri-
nary albumin, even less than the microalbuminuria cut-
off value, are a risk factor for future events, suggesting the
importance of precise measurement and early recognition
of microalbuminuria (5-7).

Comper et al. reported that immuno-unreactive with an
intact molecular weight albumin was identified in urine of
patients with diabetes (8). High-performance liquid chro-
matography (HPLC) assay is capable of measuring both

© 2013 Wiley Periodicals, Inc.

immunoreactive intact albumin and immuno-unreactive
intact albumin (9, 10). They demonstrated that HPLC as-
say is able to detect microalbuminuria far earlier than
radioimmunoassay for both type 1 and type 2 diabetic
patients (11). Recently, Toth et al. found that the albumin-
to-creatinine ratio (ACR) measured by HPLC assay was
correlated with urinary ortho-tyrosine, which is an indica-
tor of oxidative stress but ACR measured by turbidimetric
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immunoassay (TTA) was not correlated in patients with
acute ischemic stroke. They concluded that HPLC assay
is more sensitive than TTIA for measurement of ACR in
these patients (12).

The precise mechanism of the presence of immuno-
unreactive intact albumin in urine has not been clarified.
Russo et al. reported that albumin undergoes denat-
uration and fragmentation during renal passage and
assumed that albumin filtered from the glomeruli is
biochemically modified by lisosomal proteinase before
excretion from proximal tubules (13,14). This process may
induce immunoreactive albumin, immuno-unreactive
albumin and fragment albumin in urine. This degenerated
albumin was not reactive to anti-albumin antibody and
not measured by conventional immunochemical assays
such as radioimmunoassay, immunoturbidimetry, and
immunonephelemetry because they can detect only im-
munoreactive albumin. Therefore, immunoassays might
underestimate and underdiagnose microalbuminuria.
Furthermore, it is not clear whether there is a difference
in the relative amount of urinary immunoreactive and
immuno-unreactive albumin among primary diseases
since most reports concern albuminuria measured in
diabetes (8, 11,15).

The present study was performed to examine if there are
proportional differences in urinary immunoreactive and
immuno-unreactive albumin among normal subjects, and
patients with type 2 diabetes, essential hypertension, IgA
nephropathy in complete remission or ADPKD whose
dipstick screening tests for proteinuria were all negative.
We also followed-up urinary albumin in several patients
who presented normoalbuminuria (ACR of less than
30 mg/g) measured by TIA but microalbuminuria (ACR
of more than 30 mg/g) measured by HPLC assay.

MATERIAL AND METHODS
Subjects

One hundred nineteen outpatients of the Division of
Nephrology and Hypertension in Juntendo University
Hospital who were negative in the dipstick screening tests
for proteinuria (less than 20 mg/dl) were enrolled in this
study. Spot urine samples from the patients and 39 healthy
volunteers were also examined. The study protocol was
approved by the institutional review board of Juntendo
University Hospital and all patients gave written informed
consent. Since one patient withdrew consent, we discarded
the urine sample and excluded the patient’s information
from our study. All urine samples were stored at —80°C
before the analyses.

Primary diseases in this study were type 2 diabetes in 49
patients (41.2%), 32 of whom (65.3%) had hypertension,
essential hypertension (42.9%) in 51, IgA nephropathy in

J. Clin. Lab. Anal.

complete remission (10.1%) in 12, and ADPKD (5.9%)
in seven patients. These diagnoses were based on clinical
data, imaging, and renal biopsy. The following informa-
tion was obtained from medical records in our hospital:
body mass index (BMI), systolic and diastolic blood pres-
sure (sBP and dBP) at the time of visiting doctor in the
sitting position, hemoglobin (Hb), HbAlc, serum crea-
tinine, uric acid, LDL cholesterol and estimated GFR
(eGFR). eGFR was calculated by a modified three vari-
able equation for eGFR in Japanese patients (16).

METHODS

Before the assay, urine samples were thawed under
running water, mixed by Vortex for 10 s, and let stand
for 1 min. Total albumin consisting of immunoreac-
tive and immuno-unreactive albumin was determined in
urine aliquots by HPLC assay using AccumineTI-MAB
{Reagent for Total Intact Albumin Assay, Nipro Co., Os-
aka, Japan). Immunoreactive albumin was measured by
TIA, which is the standard method in Japan. Urine crea-
tinine was measured in the same urine aliquots by the en-
zyme assay using a HITACHI 7170 auto-analyzer. ACR
was calculated and compared in the study subjects.

STATISTICS

Statistical analyses were performed using JMP software
(SAS Institute Inc., Cary, NC). Comparisons of the clini-
cal characteristics between the disease subjects were made
by Students’ t-test. P values of less than 0.05 were con-
sidered statistically significant. Data were expressed as
mean =+ standard error and » represented the number of
determinations.

RESULTS
Clinical Characteristics and Laboratory Findings

Demographic and clinical characteristics, and labora-
tory findings of all subjects at the time of urine sampling
from 119 patients and 39 normal controls are summarized
in Table 1. Age of patients ranged from 19 to 83 (63.4 &+
13.4) years and 77 patients were male (64.7%). The mean
age for IgA nephropathy was significantly lower than that
for the other diseases (P < 0.001). No sex differences
were revealed. BMI in diabetes was significantly higher
than that for IgA nephropathy and ADPKD (P < 0.005)
but not that for essential hypertension. Twenty seven pa-
tients with diabetes (55.1%), 36 patients with essential
hypertension (70.6%), five patients with IgA nephropathy
(41.7%), and five patients with ADPKD (71.4%) were un-
der treatment with an angiotensin-converting enzyme in-
hibitor (ACEI) or angiotensin II receptor blocker (ARB).
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treatment (%)

ACEl or ARB

HbAlc (%)

UA (mg/dL) LDL-C (mg/dL)

s Cr{mg/dL) eGFR {ml/min)

s BP (mmHg) d BP {(mmHg) BMI Hb (g/dL)

Age (y.0)

26/13  37.56 4 10.57

M/F

HPLC
11.86 £ 8.37

u-Alb (mg/gCre)

TIA
8.02 £ 5.72

39

Total n == 119

n

TABLE 1. Clinical Characteristics and Laboratory Findings at the Time of Urine Sampling in 119 Patients and 39 Normal Subjects

Healthy subjects

62.2
55.1
75
176
70.6
4535
714
627

6.78 & 1.16
6.58 & 1.06
7.29 & 1.20

109.27 £ 26.19
109.37 + 21.14
11048 £ 23.82
07.21 £ 1525
07.02 £ 28.31
10.29 + 30.53
29.25 & 4592
+

17
07
28
0.88
98
07

5.85 + 1.29
6.10 = 115
6.27 =
579 +
578 &

5.81 % 0.
457 %

6.07 =

74.34 £+ 21.39
76.67 £ 21.41
75.00 + 23.09
79.82 + 18.05
7137 = 21.87
76.73 = 18.26
80.07 & 17.83
76.46 £ 19.50

0.29

82 &
0.84 & 0.34

0.78 £ 0.18
0.85 £ 0.32
0.80 £ 0.10
0.64 £ 0.19
0.80 & 0.19

14.00 £ 1.54 0.82 £ 0.29
0.

1425 + 1.71
14.22 + 1.80
1433 &+ 1.57
13.86 + 1.30
14.24 = 1.71
13.56 & 1.20
14.26 & 1.45

24.63 + 3.16
2271 £ 2.57
24.19 + 3.17

28.38 £ 1639 75.32 £ 11.65 23.62 & 3.22
72.63 + 7.65

26.81 £ 1347 7447 £ 9.38
3097 + 14.35 7242 3 10.15  25.52 + 3.05

18.75 £ 6.28
29.86 & 18.28 76.29 x 12.74 23.50 + 3.27
19.58 + 14.56  71.33 + 10.28 21.52 £ 2.31

37.29 £ 12.84 81.57 + 17.36 21.98 £ 2.51

27.12 £ 17.32 7594 + 10.19

66.65 + 7.78
65.41 & 7.26
63.82 & 14.95
44.67 + 11.54
61.14 & 14.05

39712 64.57 + 13.36

52.03 + 45.77 77/42 6341 % 13.35
41/8
16/1
6/6
1/6

32.04 + 35.05 50.66 £ 4592 30/21
17.04 % 6.67

70.25 £ 61.83  92.15 &+ 72.40
40.17 £ 4520 63.03 + 57.77

8.99 + 4.66

33.26 & 36.61

2432 + 21.38 41.97 £ 28.59
25.68 £ 21.39 4576 & 2592 25/7 67.31 + 8.08

2176 £ 21.77 34.85 & 25.21

DMw/oHTn=17
=7
TIA <30 HPLC < 30

DMw/HT n=32
HT n=>51

DMn=49
IgANn=12
ADPKD n

118.79 + 25.18
112,14 + 2879

5.36 + 1.37
591 £ 1.43

76.26 + 21.70
70.34 + 23.24

0.78 £ 0.30
0.88 £ 0.37

14.29 £+ 1.56
13.52 + 1.53

130.76 & 14.96 74.96 + 13.19 23.70 & 3.76
128.51 & 1625 7476 + 12,58 22.89 & 2.86

16/10  65.58 = 10.02

47.55 + 12.85

19.42 + 7.43
71.34 + 33.16 97.30 + 47.29 22/20 60.67 + 14.88

26
TIA > 30 HPLC > 30
42

51

TIA < 30 HPLC > 30

n
n
n

Abbreviations: DM, diabetes; HT, hypertension; IgAN, IgA nephropathy; sBP, systolic blood pressure; dBP, diastolic blood pressure; UA, uric acid.
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Fig. 1. Scatter plots of ACRs from all subjects including normal healthy
volunteers (n = 158) and regression line to determine the relationship
between TIA and HPLC assay. Correlation coefficient of r = 0.947.

BP in patients with essential hypertension and diabetes
with hypertension were both well controlled but sBP and
dBP in essential hypertension patients were still signifi-
cantly higher than those in diabetes and IgA nephropathy
patients (P < 0.05).

Urinary Albumin Excretion

All of the ACRs derived from urine samples measured
by HPLC assay (52.0 = 45.8 mg/g) were higher than those
measured by TIA (33.3 £ 36.6 mg/g), (P < 0.005). The
correlation between TIA and HPLC assay was excellent
with a correlation coefficient of r = 0.947 although the
regression equation (y = 1.22x + 9.29) had a slope and
intercept (Fig. 1). There were no significant differences
in the scattered patterns and regressions among primary
diseases (Fig. 2). Among 119 patients, 51 patients (42.9%)
were classified as having normoalbuminuria (ACR of less
than 30 mg/g) and 42 patients (35.3%) as having mi-
croalbuminuria (ACR of 30-300 mg/g) determined by
both TIA and HPLC assay. However, 26 patients (21.8%)
showed normoalbuminuria with TIA but microalbumin-
uria in the HPLC assay (Fig. 3). This discrepancy between
TIA and HPLC assay was observed in 12 patients with di-
abetes (24.5%), eight patients with hypertension (16.0%),
two patients with IgA nephropathy (16.7%), and four
patients with ADPKD (57.1%). Three 12 patients with
diabetes represented microalbuminuria by both methods
within 1 year.

eGFR of 45 to 59 ml/min was observed in 31 119
patients (26.1%). Among them, ten patients had diabetes
(20.4%), 19 patients had essential hypertension (37.3%),
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162



336 Horikoshiet al.

A
250
0o
%
£ ,
g oo P <l FETER Y
By o “
@ - REOSI
e
23 >
2 5 ©0 150
Tt
(8)
250 '
200
g a
..ét * : ¢
g 100 5 ‘,:' FETHETI
P R REQH....
27T e=hy
s .
& e W %

©)
250 ®
ezt /
5 *
g “ / ¥l 1ss
P i RE 0955
‘("/ =12
a —
o 50 98 150
Vit
D)
256
wnh p
o P
% %6
g st . VEIBR TS
x 5 099......
%’f =7
8
2 ] %0 150
TiAgG

Fig. 2. Scatter plots of ACRs from diabetes (A), essential hypertension (B), IgA nephropathy, (C) and ADPKD (D) and regression line to determine

the relation between TIA and HPLC assay.

TIA
Total n=119 <30mg/g | =30mg/g
n=51 n=0
SOMGi9 | 429% | 0%
HPLC > 30 n=26 n=42
=30malg |51 80 | 353%

Fig. 3. Number and percentage of normoalbuminuria (<30mg/g) and
microalbuminuria (30-300 mg/g) measured by TIA and HPLC assay.
(A), diabetes; (B), essential hypertension; (C) IgA nephropathy; (D),
ADPKD.

and two patients had IgA nephropathy (16.7%). Of these
31 patients, 14 patients showed microalbuminuria by
both TIA and HPLC assay and seven patients showed
normoalbuminuria by TIA but microalbuminuria by
HPLC assay.

DISCUSSION

Microalbuminuria significantly increases the risk of
overt nephropathy as well as those of cardiovascular and
cerebrovascular complications (17). These risks increase
proportionally with the amount of urinary albumin even
within the normal range. Therefore, primary prevention
or delaying the onset of microalbuminuria seems to be
very important.

J. Clin. Lab. Anal.

For an effective screening strategy to reduce end-stage
kidney disease (ESKD) in Japan, screening with the urine
dipstick test for proteinuria has been used for every resi-
dent over 40 years old and has resulted in major achieve-
ments (18). Konta et al. examined 2,136 subjects who
were negative in the urine dipstick test for proteinuria in
a community-based health check-up in Takahata, Japan.
Among them, 317 subjects (10.1%) showed microalbu-
minuria measured by TIA (19). These results suggest that
more accurate screening for microalbuminuria is needed
for patients who have CVD risk factors.

It has been reported that there are two types of albu-
min in appreciable amounts in human urine: immunore-
active intact albumin and immuno-unreactive intact al-
bumin (8). The latter can not be detected by TIA us-
ing anti-albumin antibody. Since HPLC assay is capable
of measuring immunoactive and immuno-unreactive in-
tact albumin, the quantitative value of ACR measured
by HPLC assays is always higher (18.8 £ 16.2%) than
that measured by TIA (20,21). The result indicated that
approximately 20% of immuno-unreactive albumin may
include in total urinary albumin.

Before starting the study, to avoid contaminations in
albumin peak, we confirmed urinary proteins that have
similar molecular weight peaks to albumin such as trans-
ferrin, al-antitrypsin, haptoglobin, prealbumin, «2-HS-
glycoprotein, and IgG; the amounts of these proteins were
very few (9).
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In this study, we measured ACR by TIA and HPLC
assay in 119 patients with diabetes, essential hyperten-
sion, IgA nephropathy in complete remission, or ADPKD
whose dipstick screening test for proteinuria was negative.
In the ACRs of all patients, 42.9% were classified as having
normoalbuminuria and 35.3% as having microalbumin-
uria by both TTIA and HPLC assay. However, 21.8% of
them showed microalbuminuria in HPLC assay but nor-
moalbuminuria in TIA. The relationship between TIA
and HPLC assay was highly significant, suggesting that
HPLC assay might be a more sensitive method for diag-
nosis of microalbuminuria than TIA. Interestingly, these
differences became negligible in the range of macroalbu-
minuria (Fig. 1). These results also suggest that increased
urinary immuno-unreactive albumin indicates early kid-
ney injury and measurement of urinary albumin by HPLC
assay maybe used as a biomarker for detecting the early
stage of CKD.

Comper et al. reported that measurement of urinary
albumin by HPLC permitted earlier detection of microal-
buminuria associated with diabetic nephropathy (11). In
this study, we measured ACR not only in diabetics but also
in patients with essential hypertension, IgA nephropathy
in complete remission, and ADPKD. Since there were
no specific differences between the rate of urinary im-
munoreactive and immuno-unreactive albumin among
these diseases, the presence of immuno-unreactive albu-
min did not seem to be specific for diabetic nephropa-
thy. During our study, we measured ACR several times
in 14 patients who showed microalbuminuria by HPLC
assay but normoalbuminuria by TIA in the first examina-
tion and three patients with diabetes who showed mi-
croalbuminuria by both TIA and HPLC assay within
1 year. During follow-up periods, these patients returned
to the normoalbuminuria measured by both assays with
reducing HbAlc after treatments with enhanced diet and
exercise therapies or administration of DPP-4 inhibitor.
This earlier recognition of microalbuminuria may con-
tribute to prevent future vascular diseases although large
studies are needed. Recently, Schmieder et al. analyzed
two large prospective trials; ONgoingTelmisartan Alone
and in combination with ramipril Global Endpoint Trial
(ONTARGET) and The Telmisartan Randomized As-
sessmeNt Study in ACE iNtoleranT subjects with cardio-
vascular Disease (TRANCENT) and reported changes
in the degree of albuminuria, even in the ranges of mi-
croalbuminuria associated with cardiovascular, stroke,
and renal outcomes (22). Thereafter, screening and mon-
itoring extending beyond patients with known hyperten-
sion and/or diabetes was proposed. For this purpose,
HPLC assay seems to be more useful than TIA for
measuring urinary albumin since the cost for HPLC as-
say is almost the same as TIA by health insurance in
Japan.

Hypertension is causally related to kidney outcomes
and the prevalence of hypertension increases as kidney
disease progresses. We observed that the value of ACR
in HPLC assay in diabetics with hypertension, even well
controlled by RAS inhibitors in the normal range, was
higher than that in those without hypertension. This re-
sult suggests that rising blood pressure even within the
normotensive range may affect microvascular complica-
tions in the future.

The causes of immuno-unreactive albumin in urine are
not known. Comper et al. published a new concept of
the mechanism of albumin excretion in urine (23). In
their concept, relatively higher amounts of filtered albu-
min are retrieved by the proximal tubular cells and the
small quantities of filtered albumin that are not retrieved
undergo lysosomal degradation before urinary excretion.
Russo et al. also observed that there were no significant
changes in glomerular filtration of albumin between dia-
betic and normal control rats but albumin-derived urinary
peptide excretion was increased in rats with early diabetic
nephropathy. Filtered albumin from glomeruli may lose
immune reactivity to anti-albumin antibody using TIA
during the process occurring in tubules (24).

The majority of patients with CKD defined as eGFR of
less than 60 ml/min are at particularly high risk for both
CVD and ESKD, especially in the presence of albumin-
uria. Based on the results of a population-based study,
Hallan et al. reported that urinary albumin and eGFR
were independently associated with progression to ESKD
and measuring both risk factors markedly improved di-
agnostic accuracy (25). They concluded that ACR and
e¢GFR should always be complemented by more informa-
tion to achieve an optimal prediction of the risk of pro-
gression to ESKD. In our study, eGFR of 31 (26.0%) pa-
tients was less than 60 ml/min and seven patients showed
microalbuminuria in HPLC assay and normoalbuminuria
in TIA. We may be able to have any therapeutic interven-
tion for the high-risk patients for vascular diseases earlier
using HPLC assay.

CONCLUSIONS

It appears that the use of HPLC assay for determi-
nation of urinary albumin concentration permits earlier
diagnosis of microalbuminuria than TIA and could lead
to a better outcome in patients with CKD. ACR measure-
ments should be reserved for detecting microalbuminuria
and monitoring patients with or without diabetes.
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MeGFRIETHEE L HE T2 2 2 L,
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= At LTOERAEZHREL Tw3® —
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T\»7z, Kaplan-Meier £FHRTH1gGy A 7
DHEBETEIZCEETIE, FBTE X NEBHRBT
DBENCT EDPHSPICEI N, F72, EHUEMmE
T3, 54, 104E dsurvival rateds 2 11 7 L
76%, 56% &, {RPLAEMMHRED 94%, 80% 1T i~
THL»IEWI EBRINE, DFD,
GdIgAl Lt HREIgGH 5 W IikIgAHCHIF L O
ICIUE I, FHREMEETE I EBRINAE, Z
N, BRERE I N RRERCUEERE 23,
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GdIgAl B B f1gG & & 1N GdIgAl ¥ B IgA %«
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HIR TOREIIREL 2D, ZORBBEEINS
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MRS HEE O 2 I FET BHEESHHI DV T
VI WIBTERY 72 [gA BHE S OB 2 B T 5 1
RHERIIE, HE2BEEL TCLIEE»SZ
ZHEAIARE A EETH 5. BEE, BESERIE
KEBEEBNE FREE TIgABTEHR AL A4
2 —H—RAVEIRD2RA T Y —= v 7 DR
& (FEHFFRE: 85RHM) ) & LT, #A, B,
AR, IR OEZHRL &L ofFEFRETIX
AoV —=vr (#2) DR CRGIRGHEYE
R UABREICHLT, EERGAgAl B kUK
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