Relationship of Intrarenal Gene Expression and the
Histological Class of Lupus Nephritis — A Study on

Repeat Renal Biopsy
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ABSTRACT. Objective. To study the role of tumor necrosis factor (TNF)-like weak inducer of apoptosis

(TWEAK)/Fn14 and the interferon-inducible protein (IP-10)/CXCR3 axis in lupus nephritis (LN).
Methods. We studied 113 patients with LN who had had repeat renal biopsies. Glomerular and tubu-
lointerstitial messenger RNA expression of TWEAK, Fn14, IP-10, and CXCR3 were quantified.
Results. Glomerular Fnl14 expression decreased when changed from proliferative or mixed nephri-
tis to membranous nephropathy (p = 0.016), and increased when changed from membranous to pro-
liferative or mixed nephritis (p = 0.0006). On the other hand, tubulointerstitial TWEAK expression
decreased when changed from proliferative or mixed nephritis to membranous nephropathy
(p = 0.004), and increased when changed from membranous nephropathy to proliferative nephritis
(p = 0.010). Tubulointerstitial IP-10 expression decreased when changed from proliferative or
mixed nephritis to membranous nephropathy (p < 0.0001). Histological activity index correlated
significantly with the glomerular expression of Fnl4 (r = 0.421, p < 0.0001) and tubulointerstitial
expression of TWEAK (r = 0.413, p < 0.0001) and IP-10 (r = 0.472, p < 0.0001).

Conclusion. Glomerular Fnl4 and tubulointerstitial TWEAK and IP-10 expression appeared to
have consistent changes in relation to the histological class of LN and correlated with the histologi-
cal activity index. Our findings suggest a specific role of these genes in the pathogenesis of LN.

(J Rheumatol First Release August 15 2012; doi:10.3899/jrheum.120177)

Key Indexing Terms:
SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is a multisystem
autoimmune disease characterized by aberrant cytokine
milieu. Although almost all organs in the body can be
involved, lupus nephritis (LN) remains the leading cause of
morbidity and mortality in SLE. The precise pathogenic
mechanisms of SLE and LN, however, are not completely
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understood. Cytokine aberration is a cardinal phenomenon
of LN. Cytokines may be involved not only in the genera-
tion of aberrant immune regulation!, but also participate in
the local inflammatory processes that ultimately lead to tis-
sue destruction. Unfortunately, most studies have focused
on the cytokine profile of peripheral blood in patients with
SLE, and the results are often inconsistent?>. Since specific
organ or tissue involvement in SLE probably involves local
cytokine aberrations that do not appear in the systemic cir-
culation, a study of the immunopathogenesis should focus
on the specific sites of disease involvement.

Tumor necrosis factor (TNF)-like weak inducer of apop-
tosis (TWEAK) is one of the TNF ligand superfamily mem-
bers. It mediates important biological effects, including
upregulation of multiple chemokines, cytokines and adhe-
sion molecules?, induction of apoptosis5 , and enhancement
of cell survival® through its sole receptor, Fn14”. Interferon-
inducible protein (IP-10; CXCL10) belongs to the CXC
family of chemokines. IP-10, together with Mig and their
receptor, CXCR3, promotes mesangial cell expansion in
proliferative glomerulonephritis®. It has been reported that
TWEAK/Fn14 can induce human kidney cells to express IP-
10 and promote kidney cell proliferation’. Zhao, et al'®
found that kidney disease was significantly less severe in
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Fn14 knockout mice; kidney immunoglobulin G deposition
and cytokine levels, as well as macrophage infiltration, were
significantly decreased in Fnl4-deficient mice with induced
lupus; mice with induced lupus treated with an anti-
TWEAK neutralizing antibody had significantly diminished
kidney expression of inflammatory cytokines as well as pro-
teinuria. In human SLE, Schwartz, ef al!! found that urina-
ry TWEAK levels may be useful as a novel biomarker in
LN. In another study, the same group found that high urina-
ry TWEAK levels are indicative of LN, in contrast to SLE
patients without nephritis or other healthy and disease con-
trol populations, and urinary TWEAK levels reflect renal
disease activity in longitudinal followup!?. Our previous
study showed that there is an increase in intrarenal expres-
sion of TWEAK and Fnl4, and a decrease in CXCR3
expression'3. However, the precise role of TWEAK, Fn14,
IP-10, and CXCR3 in the pathogenesis of the individual his-
tological type of LN remains unclear.

In our hospital, it has been the policy for over 20 years to
perform renal biopsy before treating renal flares. Although
this practice may not be considered necessary by all autho-
rities'*13, it provides an opportunity to examine the intra-
renal gene expression in relation to specific histological
types of LN.

MATERIALS AND METHODS

Patient selection. We reviewed 118 patients with SLE, each with 2 kidney
biopsies, for independent disease flare. For each patient, the 2 biopsies
were at least 6 months apart; patients with the second biopsy for routine fol-
lowup monitoring or resistant disease were excluded. All patients fulfilled
the American College of Rheumatology diagnostic criteria for SLE'®. We
performed chart review to collect clinical data, which included baseline
serum creatinine, albumin, urea, proteinuria, complement levels (C3 and
C4), anti-dsDNA antibody titer, and the disease activity of SLE as repre-
sented by the Systemic Lupus Erythematosus Disease Activity Index (SLE-
DAI)!%17, Glomerular filtration rate (GFR) was estimated from a standard
prediction equation'$. The study was approved by the Clinical Research
Ethical Committee of the Chinese University of Hong Kong.

Assessment of renal pathology. Kidney biopsy was evaluated according to
the International Society of Nephrology/Renal Pathology Society
(ISN/RPS) classification of LN'?. The Activity Index and Chronicity Index
of each biopsy were scored by standard methods?*2!. All biopsies were
assessed by 2 renal pathologists by light microscopy, each blinded from
each other’s conclusions. ISN/RPS classifications between first and second
biopsy were compared. In our experience, assessments of the 2 pathologists
had excellent agreement.

Laser microdissection. The method of laser microdissection has been des-
cribed in our previous studies?223, Briefly, cryosections of 10 y#m thickness
were prepared on a cryostat (Leica Microsystems, Wetzlar, Germany) using
disposable microtome blades (Leica) in RNase-free conditions, and were
mounted on MembraneSlide 0.17 PEN slides (Carl Zeiss PALM Microlaser
Technologies, Bernried, Germany). Immediately after taking the slides out
of the cryostat, the sections were fixed in 70% ethanol and dehydrated in
100% ethanol. Sections were air-dried at room temperature. Laser micro-
dissection of the snap-frozen kidney biopsy specimens was then performed
using the PALM Microlaser System, which is equipped with a pulsed high-
quality laser beam, computer-controlled microscope stage, and micromani-
pulator. Under direct visual control, areas of interest in the histological spe-
cimens were selected through the PALM RoboSoftware by moving the

computer mouse, and microdissected by cutting the contour of the selected
areas with the adjusted laser beam. The isolated tissue was then laser-cata-
pulted into a microcentrifuge cap filled with guanidine thiocyanate contain-
ing lysis buffer for the subsequent RNA isolation. About 20 to 30 glomeru-
lus and 20 randomly selected tubulointerstitial areas were isolated from
each specimen. The tissue lysate of glomerulus and tubulointerstitium
were kept at —80°C until RNA extraction was performed with the
RNAqueous-Micro Kit (Applied Biosystems, Foster City, CA, USA), fol-
lowing manufacturer’s instruction.

Quantification of intrarenal gene expression. The method of total RNA
extraction, reverse transcription, and real-time quantitative polymerase
chain reaction (RT-QPCR) was as described?224, In the present work, we
quantified the messenger RNA expression of TWEAK, Fnl4, IP-10,
CXCR3, TLRY, and NGAL in glomerulus and tubulointerstitium by
RT-QPCR. Tagman primers and probes of each target were purchased from
Applied Biosystems. RT-QPCR was performed with the ABI Prism
7900HT Sequence Detector System (Applied Biosystems) following the
manufacturer’s instruction. The messenger RNA (mRNA) expression for
each signal was calculated using the ACt procedure according to manufac-
turer’s instructions, with GAPDH used as the housekeeping gene for nor-
malization among samples. For GAPDH and each target, the relative effi-
ciency of amplification over various starting template concentrations was
determined. Nearly equal efficiencies for other targets with GAPDH ampli-
fications were verified by an absolute value of < 0.1 for the slope of log
input complementary DNA amount versus ACt, which was obtained by
subtracting the threshold cycle (Ct) value of GAPDH from that of the tar-
get. Therefore, it was possible to detect GAPDH in the same tube with
other targets. The relative quantification of multiplex reaction with a com-
parative method was determined by the formula 2 — (AACt), where AACt
was calculated by subtraction of ACt of the calibrator from ACt of the sam-
ple. All primers and probes were tested with purified DNA as the template
in RT-QPCR to ensure that they did not amplify genomic DNA. All results
were analyzed by Sequence Detection Software version 1.7 (Applied
Biosystems).

Statistical analysis. Data were analyzed using SPSS for Windows version
15.0 (SPSS Inc., Chicago, IL, USA). Results were presented as mean = SD
unless otherwise specified. Data were compared by paired or unpaired
Student’s t test, 1-way ANOVA, Kruskal-Wallis test, Mann-Whitney U test,
or Wilcoxon signed-rank test as appropriate. P values < 0.05 were con-
sidered statistically significant. All probabilities were 2-tailed.

RESULTS

We studied 118 patients with SLE who had had repeat renal
biopsies. They were divided into 4 groups according to the
patterns of histology in the first and second renal biopsy
specimens. Their baseline demographic and clinical data are
summarized and compared in Table 1.

Change in clinical and histological measures. The degree of
histological chronicity index, activity index, estimated GFR,
and proteinuria at the time of the 2 biopsies were compared
and are summarized in Figure 1. Activity index decreased
when changed from proliferative or mixed nephritis to
membranous nephritis (Group 2; p < 0.0001), and increased
when changed from membranous to proliferative or mixed
nephritis (Group 3; p = 0.0008; Figure 1A). In contrast, his-
tological chronicity index increased from the first to the
second biopsy when the initial one showed proliferative or
mixed nephritis (Group 1 and 2: p = 0.0005 and p = 0.001,
respectively; Figure 1B).

Comparison of gene expression levels. The glomerular
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Table 1. Comparison of baseline clinical and histological characteristics. Data are mean + SD, except where otherwise indicated.

Group
1 2 3 4 p
First biopsy Proliferative or mixed Proliferative or mixed Membranous Membranous
Repeat biopsy Proliferative or mixed Membranous Proliferative or mixed Membranous
Number of cases 45 38 18 17
Age, yrs 292+114 292+90 329+105 319+09.1 05
Sex (M:F) 3:42 5:33 1:17 2:15 0.7
Duration of SLE, mo 26.5+34.6 27.6+429 550552 36.0+419 0.09
Time between biopsies, mo 309+198 532 +447 60.7 +389 510447 0.007
At time of first biopsy
Creatinine, ymol/l 1295+ 73.0 110.1 £419 1112 +56.3 1349 +103.7 04
Proteinuria, g/day 38+£22 44+3.1 26+13 39+13 0.09
GFR, ml/min/1.73m? 639 +375 682 +31.8 65.7+26.3 65.0 +30.7 09
SLEDAI 104 £4.6 105+34 10.1 £37 11.0+44 09
Therapy response (CR:PR:NR) 18:26:1 24:13:1 9:7:2 6:8:3 0.06
At time of second biopsy
Creatinine, ymol/l 164.6 + 127.5 1532+ 128.6 170.2 + 105.6 188.0 £271.8 09
Proteinuria, g/day 39+£29 29+18 40+25 43+24 0.15
GFR, ml/min/1.73m? 519+283 60.0 +30.8 48.1 £31.5 68.3 +44.9 02
SLEDAI 92+49 90+43 11.1+£57 12726 0.02
Therapy response (CR:PR:NR) 17:21:7 21:11:6 3:13:2 4:6:7 0.008

SLE: systemic lupus erythematosus; GFR: glomerular filtration rate; SLEDAI: SLE Disease Activity Index; CR: complete response; PR: partial response;
NR: no response.
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Figure 1. Comparison between the first and second renal biopsies in the different groups: (A) histological acti-
vity index; (B) chronicity index; (C) estimated glomerular filtration rate (GFR); and (D) proteinuria. Group 1,
proliferative or mixed nephritis in both biopsies; Group 2, from proliferative or mixed nephritis to membranous
nephropathy; Group 3, from membranous nephropathy to proliferative or mixed nephritis; Group 4, membra-
nous nephropathy in both biopsies. Data are compared by paired Student’s t-test.
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mRNA expression levels of TWEAK, Fnl4, IP-10, and
CXCR3 are summarized in Figure 2. In short, glomerular
Fn14 expression decreased when changed from proliferative
or mixed nephritis to membranous nephropathy (Group 2;
p =0.016), and increased when changed from membranous
to proliferative or mixed nephritis (Group 3; p = 0.0006). In
contrast, glomerular Fn14 expression remained static when
the first and second renal biopsy showed the sample histo-
logical pattern (Groups 1 and 4). There was no consistent
pattern of change in the glomerular expression of TWEAK,
IP-10, or CXCR3 (Figure 2).

The tubulointerstitial mRNA expression levels of
TWEAK, Fnl4, IP-10, and CXCR3 are summarized in
Figure 3. In short, tubulointerstitial TWEAK expression
decreased when changed from proliferative or mixed neph-
ritis to membranous nephropathy (Group 2; p = 0.004),
increased when changed from membranous nephropathy to
proliferative nephritis (Group 3; p = 0.010), but remained
static when the first and second renal biopsy showed the
sample histological pattern (Groups 1 and 4). Similarly,
tubulointerstitial IP-10 expression decreased when changed
from proliferative or mixed nephritis to membranous neph-
ropathy (Group 2; p < 0.0001). There was no consistent pat-
tern of change in the tubulointerstitial expression of Fn14 or
CXCR3 (Figure 3).
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Relationship between gene expression and disease activity.
Because some of the intrarenal gene expressions were rela-
ted to histological class of LN, we further investigated intra-
renal gene expression and disease activity. When all samples
were pooled for analysis, we found that the histological acti-
vity index correlated significantly with the glomerular
expression of Fnl4 (r = 0421, p < 0.0001) and tubuloin-
terstitial expression of TWEAK (r = 0.413, p <0.0001) and
IP-10 (r = 0.472, p < 0.0001). In contrast, systemic disease
activity, as represented by the SLEDAI score, did not corre-
late with any of the intrarenal expressions (data not shown).

DISCUSSION
We identified some target genes that appeared to have a con-
sistent change in expression in parallel with the alteration in
histological pattern of LN. Specifically, glomerular Fn14
and tubulointerstitial TWEAK expression tend to decrease
when changed from proliferative or mixed nephritis to
membranous nephropathy, while an opposite pattern of
change was observed in tubulointerstitial TWEAK expres-
sion when changed from membranous nephropathy to proli-
ferative nephritis.

The result of our study is consistent with our previous
work!3, which showed that there is an increase in intrarenal
expression of TWEAK and Fnl4 in LN. Thus, the
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Figure 2. Comparison of glomerular messenger RNA expression levels of (A) tumor necrosis factor-like weak
inducer of apoptosis (TWEAK); (B) Fn14; (C) interferon-inducible protein (IP-10); and (D) CXCR3 between the
first and second biopsy in different groups. Group 1, proliferative or mixed nephritis in both biopsies; Group 2,
from proliferative or mixed nephritis to membranous nephropathy; Group 3, from membranous nephropathy to
proliferative or mixed nephritis; Group 4, membranous nephropathy in both biopsies. Boxes indicate median, 25th
and 75th percentile, with 5th and 95th percentiles; circles indicate outliers. Data are compared by Mann-Whitney

U test.
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Figure 3. Comparison of tubulointerstitial messenger RNA expression levels of (A) tumor necrosis factor-like weak
inducer of apoptosis (TWEAK); (B) Fnl4; (C) interferon-inducible protein (IP-10); and (D) CXCR3 between the
reference and repeat biopsy among different groups. Group 1, proliferative or mixed nephritis in both biopsies;
Group 2, from proliferative or mixed nephritis to membranous nephropathy; Group 3, from membranous nephro-
pathy to proliferative or mixed nephritis; Group 4, membranous nephropathy in both biopsies. Boxes indicate
median, 25th and 75th percentiles, with 5th and 95th percentiles; circles indicate outliers. Data are compared by

Mann-Whitney U test.

TWEAK/Fn14 pathway may play an important role in the
determination of the specific histological pattern of LN,
with high TWEAK/Fn14 expression necessary for prolifera-
tive nephritis. Our result is also consistent with previous ani-
mal experiments, which showed that lupus mice treated with
anti-TWEAK neutralizing antibody had reduced proliferati-
ve glomerular lesions!?. Alternatively, because the glomeru-
lar expression of Fnl4 and tubulointerstitial expression of
TWEAK and IP-10 also correlated significantly with the
histological activity index, it is also possible that these genes
may be related to intrarenal disease activity rather than a
specific histological pattern. However, there is a close asso-
ciation between histological class and activity index (i.e.,
proliferative nephritis almost always has a high activity
index), so it is difficult to separate the effects of the two.

We found no consistent pattern of change in glomerular
or tubulointerstitial CXCR3 expression in relation to the his-
tological pattern of LN. The result may seem contradictory
to our previous report!3, which showed a reduced glomeru-
lar or tubulointerstitial CXCR3 expression in LN. A more
careful examination of our previous data showed that intra-
renal expression of CXCR3 correlates with proteinuria and
renal function'3 rather than the histological pattern of neph-
ritis. Our findings seem to suggest that the CXCR3 pathway
is important in the determination of clinical severity, rather
than the histological pattern of LN.

The histological class switch is thought to be a charact-
eristic feature of LN'. There is a high frequency of trans-
formation of histological pattern upon repeat biopsy2>-26-27,
However, the pathogenesis of the transformation remains
elusive. It is important to note that our present study takes
advantage only of investigating SLE patients with repeated
renal biopsies, so that gene expression profiles between dif-
ferent histological types of LN could be compared by an
“internal control.” Other studies are needed to determine the
factors that govern the longitudinal change of histological
pattern, as well as the effect of time per se (i.e., the effect of
the duration of disease) on LN.

Several limitations of our study need to be addressed.
First, the sample size of many groups was small, so that
there is not sufficient statistical power to compare all histo-
logical classes of LN. A much larger sample size would be
necessary to allow sophisticated statistical analysis separa-
ting the effects of histological pattern and the effect of time
(i.e., duration of disease) on the gene expression profile.
Second, the cytokines we selected are largely based on our
previous studies and are limited; many other possibly
involved pathways were not examined. Because the amount
of RNA available from tissue microdissection is limited, it is
difficult to use microarray or other hypothesis-free techno-
logy to explore the gene expression profile of the specimen.
In theory, our result could be strengthened by concomitant
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prOtem. eYe X . pp o .P 12. Schwartz N, Rubinstein T, Burkly LC, Collins CE, Blanco I, Su L,
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. . . upus 114:49-52.
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membranous nephrltls in the second blOpSY' In contrast, revised criteria for the classification of systemic lupus
tubulointerstitial TWEAK expression tends to decrease erythematosus. Arthritis Rheum 1997;40:1725.
when changed to membranous and increase when changed 17. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH.
from membranous. Our findings suggest that IP-10 and Derivation of the SLEDALI. A disease activity index for lupus
TWEAK appeare d to have a consistent change in expression patients. The Committee on Prognosis Studies in SLE. Arthritis
; X . . X . Rheum 1992;35:630-40.
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