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Summary

Tubuloreticular inclusions (TRI) are distinctive cytoplasmic
structures of unknown origin that typically associate with
autoimmune and viral diseases. We investigated the clin-
ical and prognostic relevance of TRI detection in patients
with lupus nephritis (LN).

We conducted a single centre study of patients (n=84) with
biopsy evidence of LN. Clinical variables included de-
mographics, SLEDAI score, and autoantibody profiling;
while histological evaluation included TRI presence, In-
ternational Society of Nephrology/Renal Pathology Society
(ISN/RPS) classification with NIH activity and chronicity
indices, immunofluorescence, and other EM findings. Pa-
tients with and without TRI were compared by non-
parametric statistical methods and survival analysis for
the endpoints of death and renal failure.

TRI were detected in 37 patients (44%) that were younger
(28.4 vs 34.3 years, p=0.02) and more often from Asian
background (37.8% vs 19.1%, p=0.04) compared to pa-
tients without TRI. SLEDAI score (11 vs 12 units, p=0.36)
and amount of proteinuria (370 vs 340 mg/mmol, p=0.71)
were similar in both groups; however, TRI positive patients
had increased frequency of anti-SSB antibodies (16% vs
2%, p=0.02), ‘full house’ immune complex deposition (85%
vs 58%, p=0.04) and subendothelial electron dense de-
posits (83% vs 65%, p=0.07), but were less often anti-
dsDNA Ab positive (62% vs 85%, p=0.02). Patient and
renal survival were not influenced by TRI status.

TRI were observed in nearly half of all LN patients and TRl
positive patients more often carried anti-SSB antibodies.
However, TRI had little bearing on disease presentation or
outcome in LN.
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INTRODUCTION

Lupus nephritis (LN) is one of the most serious complications
in patients with systemic lupus erythematosus (SLE). It in-
creases the risk of both renal failure and premature mortality,

due to the associated comorbidities and therapeutic efforts. 1.2
The renal prognosis is largely dependent on the severity of LN
as currently determined by International Society of
Nephrology/Renal Pathology Society (ISN/RPS) classifica-
tion class and the degree of chromc irreversible glomerular as
well as tubulointerstitial changes Tubuloreticular inclusions
(TRI) are distinctive structures found by electron microscopy
(EM) that consist of reticular aggregates of branching mem-
branous tubules within the cisternae of endoplasmic reticulum
(ER), usually found within endothelial cells.* TRI were first
observed 50 years ago in the glomerular endothelium of SLE
patients and were originally termed lupus inclusions,” but
have since been demonstrated in other cell types, such as,
lymphocytes, monocytes, Schwann cells, fibroblasts, and
epithelial cells.*® TRI were originally suspected to be of viral
aetiology as they mimic the nucleocapsids of para-
myxoviruses, but subsequent investigations could not confirm
a viral origin.” " While the precise nature of TRI remains
elusive, overproduction of alpha-interferon and interferon
1nduced proteins have been linked to the appearance of
TRL*% Although TRI can been seen in a range of other
conditions, such as, lymphoma and viral infections, 1011 TR]
are useful in establishing a diagnosis of SLE, 12 with a few
studies showing an association between the number of cells
with TRI and clinical and renal disease activity in SLE. 13,14

Given the limited information on the clinical correlates and
prognostic value of TRI in SLE, we investigated the pres-
ence, serological associations and prognostic value of TRI in
a group of SLE patients with biopsy proven LN.

METHODS

Participants were patients attending Sir Charles Gairdner Hospital since 1995,
who fulfilled classification criteria for SLE and had renal biopsy findings
compatible with LN. 15 Patient data at time of biopsy and at last follow-up visit
were recorded retrospectively using a predefined form that included details on
gender, date of birth, ethnicity, date of SLE diagnosis, i.e., date of cumula-
tively fulfilling American College of Rheumatology (ACR) up to 2010 or
Systemic Lupus International Collaborating Clinics (SLICC) Classification
Criteria for Systemic Lupus Erythematosus after 2010,'®!'7 number and type
of SLE criteria, SLEDAI-2K score,lx renal function and other routine labo-
ratory data, autoantibody profiles, status at last follow-up including start of
chronic (>3 months) dialysis or renal transplantation, and date of death.
The main indication for biopsy was evaluation of new or increasing pro-
teinuria >0.5 g/24 h (n=77) and/or haematuria (n=56). Renal specimens were
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processed and assessed in an accredited renal histopathology laboratory in
accordance with guidelines (see Supplementary Methods, Appendix A).1920
Findings by light microscopy (LM) were classified according to the 2003
Society of Nephrology/Renal Pathology Society classification (ISN/RPS)
pathological classification®’ with semiquantitative National Institutes of
Health (NIH) scores for active and chronic lesions.””> TRI presence was
defined as the renal pathologist recording the presence of cytoplasmatic
tubular structures on electron microscopy (EM) without further requirement
for quantification of TRI (Supplementary Fig. 1, Appendix A). For the pur-
pose of this analysis, mixed ISN/RPS Class III+V and Class IV+V lesions
were classified as Class IIT and Class IV. We used Standard Australian
Classification of Countries to classify patients as ‘Indigenous’, ‘Caucasian’ or
‘Asian’ with ‘Indigenous’ referring to persons identifying as Aboriginal,
Torres Strait Islander or both. The remaining patients, one of Maori descent
and six from Sub-Saharan African background, were grouped as the ‘other’
cohort. The Human Research Ethics Committee (HREC) of our institution
approved this study (SCGOPHCG — HREC # 8841).

Statistical analysis

Continuous data are given as mean values and were analysed by
Kruskal-Wallis test and categorical data with Fisher’s exact and Chi-square
for proportions and rates. For this analysis we combined classes I and II, and
IIT and IV based on the current prevailing opinion that prognostic differences
between mesangial, proliferative, and membranous forms of LN guide
treatment.”® Survival curves used the date of the renal biopsy as a time zero
(baseline) with date of death and start of chronic renal replacement therapy
(RRT) as endpoints. Kaplan—Meier life-table estimates for subgroups were
compared by log-rank test with non-survivors censored from the renal sur-
vival curves from the date of death. IBM SPSS v.24 software was used for
data analysis with resulting two-sided p values <0.05 as the definition of
statistical significance.

RESULTS

EM data were unavailable for 11 patients leaving a study
sample of 84 patients. TRI positive patients (n=37, 44%)
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were younger at diagnosis, more frequently of Asian descent
and had lower serum albumin levels compared to patients
without TRI (Table 1). Both groups had similar measures of
renal function, the amount of proteinuria, accrued number of
ACR/SLICC classification criteria (Table 1), overall SLE
disease activity (SLEDAI-2K), and proportion with extra
renal disease features, including arthritis, malar rash, and
serositis [all p>0.10 (data not shown)]. TRI positive patients
were less frequently anti-dsDNA Ab seropositive, but had
significantly more anti-SSB Ab seropositivity compared to
TRI negative patients, while the groups were similar for
levels of C3 and C4, and the presence of other antibodies
against extractable nuclear antigens.

Renal biopsy findings showed slightly more class II and
less class V lesions in TRI positive patients (p=0.08) with a
lower NIH Chronicity Index (CI) (p=0.05) but no difference
in NIH Activity Index (AI) scores (Table 2). TRI positive
patients had proportionally more ‘full house’ renal immune
complex deposition (86% vs 52%, p=0.06) and subendothe-
lial electron dense deposits (EDD) (81% vs 66 %, p=0.08).

Longitudinal findings

During a mean follow-up time of 10.2 (+7.2) years, nine
patients (10.7%) developed end stage renal failure with no
difference in the frequency (13.5% vs 8.5%, p=0.47) or time
to start of chronic dialysis between TRI positive and negative
patients (p=0.88) (Fig. 1A). Another four patients developed
doubling of their baseline serum creatinine levels, with equal
distribution between TRI positive and negative patients
(p=0.7). Six patients (7.1%) died with no difference in the
frequency (13.5% vs 8.5%, p=0.49) or time to death between
TRI positive and negative patients (p=0.21) (Fig. 1B).

Table 1 Baseline clinical and serological characteristics of patients with biopsy proven lupus nephritis (n=84) according to presence of TRI

All (n=84) TRI+ (n=37) TRI- (n=47) p value

Age onset of SLE, years 30.4 26.9 33.1 0.03
Onset LN after SLE, months 13.5 15.1 12.3 0.82
Female gender 75 (89.2%) 35 (4.6%) 40 (85.1%) 0.28
Ethnic background 0.06

Caucasian 36 (42.9%) 12 (32.4%) 24 (51.1%)

Asian 23 (27.4%) 14 (37.8%) 9 (19.1%)

Indigenous 11 (13.1%) 6 (16.2%) 5 (10.6%)

Other (Pacific, African) 14 (13.1%) 5 (13.5%) 9 (18.9)
Weight, kg 69.1 68.6 69.1 0.82
SLEDAI-2K score 11.2 12.1 10.9 0.36
Accrued ACR/SLICC criteria 5.4 5.2 5.5 0.19
Haemoglobin, g/L 115.2 119.5 111.8 0.25
Lymphocytes, x10°/L 1.65 1.39 1.84 0.68
Erythrocyte sedimentation rate, mm/H 46.3 349 533 0.11
C-reactive protein, mg/L 35.1 33.2 65.7 0.07
Creatinine, mmol/L 95.1 108.3 78.9 0.62
Proteinuria, mg/mmol 381 397 361 0.71
Albumin, g/L 29.6 26.4 31.2 0.02
Anti-dsDNA Ab + 63 (75%) 23 (62.2%) 40 (85.1%) 0.02
Anti-Sm Ab + 13 (15.5%) 5 (13.5%) 8 (17%) 0.76
Antiphospholipid Ab + 28 (33%) 9 (24.3%) 19 (40.4%) 0.16
Anti-SSA Ab + 32 (38.1%) 14 (37.8%) 18 (38.3%) 0.93
Anti-SSB Ab + 7 (8.3%) 6 (16.2%) 1 (2.1%) 0.04
C3, g/L 0.78 0.81 0.75 0.49
C4, g/L 0.18 0.17 0.20 0.61

Figures are mean values or numbers.

ACR/SLICC, American College of Rheumatology/Systemic Lupus International Collaborating Clinics; Anti-dsDNA Ab, antibodies against double stranded DNA;
Anti-Sm, antibodies to Smith antigen; LN, lupus nephritis; SLE, systemic lupus erythematosus; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity

Index-2000; TRI, tubuloreticular inclusions.
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Table 2 Renal biopsy findings in patients with lupus nephritis (n=84) according to the presence of TRI

All (n=84) TRI+ (n=37) TRI- (n=47) p value
No. glomeruli assessed 21 (11.1) 20.5 (10.5) 21.5 (11.8) 0.89
Mesangial LN (Class 1+2) 17 (20%) 11 (29.7%) 6 (12.7%) 0.08
Proliferative LN (Class 3+4) 52 (62%) 22 (59.5%) 30 (63.8%)
Membranous LN (Class 5) 15 (18%) 4 (10.8%) 11 (23.4%)
NIH Activity Index (0-24) 4.7 (3.6) 4.5 (3.66) 4.9 (3.56) 0.61
NIH Chronicity Index (0—12) 1.2 (1.5) 0.86 (1.3) 1.38 (1.7) 0.05
Full house IF (n=49) 17 (85.6%) 17 (58.2 %) 0.06
EDD present 79 (95.2%) 36 (97%) 43 (91.4%) 0.13
Subepithelial EDD 62 (73.8%) 29 (78.1%) 33 (70.2%) 0.31
Membranous EDD 54 (64.2%) 25 (77.7%) 29 (61.7%) 0.49
Subendothelial EDD 61 (72.6%) 30 (81.1%) 31 (65.9%) 0.08
Vasculitis 1(1.2%) - 12.1%) 0.95
Thrombosis 2 (2.4%) - 2 (4.2%) 0.3

Figures are mean (SD) or numbers (%).

EDD, electron dense deposits; IF, immunofluorescence; LN, lupus nephritis; NIH, National Institutes of Health; TRI, tubuloreticular inclusions.

A total of 22 patients (23%) underwent a second biopsy
after a median disease course of 40.5 months, mainly due to
concerns about disease persistence or flare. Class switching
occurred in six patients (27%) (Table 3). There was no sig-
nificant change in Al and a borderline significant (p=0.08)
increase in CI on repeat biopsies with TRI detected in 10/22
patients (45.5%). TRI was seen on the second biopsy of 7/13
(54%) patients with TRI on first biopsy, but also in 3/9 (33%)
of patients with no TRI on initial biopsy.

DISCUSSION

In this comprehensive study, TRI were present in the renal
biopsies of nearly half of the LN patients, but did not clearly
associate with clinical or histological disease activity.
Furthermore, we show for the first time that TRI have no
obvious prognostic impact in SLE, while our findings also
indicate that TRI can resolve or occur over time. Finally, we
demonstrate a very tentative association between TRI and
antibodies against SS/B-La protein.

The utility of renal biopsies in the assessment of disease
severity and subsequent management of patients with LN is
well established.”* TRI have long been considered a helpful
diagnostic tool with reported TRI frequencies in LN ranging
from 40% to 88%.”” >’ The incidence in our cohort falls
within this range and we found TRI to be more frequent in
younger and Asian patients. The reasons for this are not
obvious as overall SLEDALI scores, renal function and urinary
and non-renal manifestations were similar to TRI ne%ative
patients. Thus, similar to the findings of Tisher et al., > we
could not confirm a connection between TRI and overall SLE
disease activity.13 We were also unable to detect an associ-
ation between TRI and renal or patient survival but being the
first study to investigate the long-term prognostic value of
TRI, so far there are no comparative data available.

In terms of renal pathology, we found a borderline sig-
nificant trend of skewing of ISN/RPS classification towards
non-proliferative LN in TRI positive patients, despite an
increased prevalence of ‘full House’ immune deposits and
subendothelial EDD. Although based on low numbers, this
may suggest that the underlying immune process in TRI
positive patients is less likely to induce endothelial prolifer-
ation. However, this would be in contrast with findings by
Venkataseshan et al., who found cylindric confronting

cisternae as a subtype of inclusion more prominent in patients
with active glomerular and tubulointerstitial disease
compared to patients with inactive disease.'* Renal inflam-
mation in LN is thought to be mediated by immune com-
plexes, especially those that contain subsets of nephritogenic
anti-dsDNA antibodies.”®*’ We observed a moderate but
interesting discrepancy in serological markers for TRI posi-
tive patients, who had lower CRP levels, were less likely to
be anti-dsDNA Ab positive and more often carried anti-SSB
antibodies. This serological profile would not only fit with the
lower inflammatory burden in TRI positive patients with
proliferative LN (Table 2), but could also point towards a role
for anti-SSB antibodies in the development of TRI. Since a
viral origin for TRI has become less ]ikely,7’3 O TRI is
considered to represent an ultrastructural modification within
the endoplasmic reticulum resulting from cellular injury or
the expression of a neoantigen. Ultra-cytochemical studies by
Rich et al. provided evidence that TRI are composed of
protein and lipids and do not contain DNA but closely
associate with the presence of RNAs.*® Protein La, also
known as autoantigen La or Sjogren’s syndrome antigen B
(SSB) is evolutionarily conserved and abundantly present in
both the nucleus and cytoplasm, where it plays fundamental
roles in RNA metabolism by associating with RNA poly-
merase III transcripts and binding to pre-tRNAs to prevent
exonuclease digestion.3 132 La/SSB protein is a common
target for autoantibodies in patients with Sjogren’s syndrome
and SLE and inactivation of La/SSB by autoantibodies has
been suggested to interfere with normal’’ and viral RNA
metabolism. > Although the presented data cannot not be
considered concrete evidence, our observations of an
increased although moderate prevalence of anti-SSB anti-
bodies in patients with TRI could support the idea that RNA
accumulation contributes to the formation of TRI.

The results of this study need to be considered in light of its
limitations. This includes the usual restraints of retrospective
data collection as well as the possibility that glomeruli with
TRI may have been missed on EM due to sampling as TRI
induction by SLE sera occurs in 25—-30% of cells only. B we
applied 2003 ISN/RPS classification criteria which have
recently been updated during a consensus meeting and now
include activity and chronicity indices.”® Also, subgroup
analyses had limited statistical power given the relatively
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Fig.1 (A) Renal survival (endpoint chronic renal replacement therapy) and (B) patient survival by the presence of tubuloreticular inclusions (TRI) in patients with lupus
nephritis (n=84).



Table 3 Changes in histological findings over time (n=22)
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Initial biopsy n Second biopsy p value
TRI+ TRI-
TRI+ 13 7 6 0.58
TRI- 9 3 6
ISN/RPS class 2 ISN/RPS class 3+4 ISN/RPS class 5
ISN/RPS class 2 6 3 2 1 0.52
ISN/RPS class 3+4 15 2 13 -
ISN/RPS class 5 1 - 1 -
Median Al CI
AI (IQR) 4 (2-11) 4 (1-17) - 0.15
CI (IQR) 1 (0-6) - 2 (0-5) 0.08

Al National Institutes of Health Activity Index score; CI, National Institutes of Health Chronicity Index score; IQR, interquartile range; ISN/RPS, International
Society of Nephrology/Renal Pathology Society classification; TRI, tubuloreticular inclusions.

small numbers and may have missed relevant associations. In
spite of the limitations, this represents currently the largest
and most comprehensive study on TRI in LN combining
clinical, serological and histological characteristics and lon-
gitudinal data.

In conclusion, TRI was detected in nearly half of renal
biopsies in LN patients. TRI presence was not static over time
and there was a trend towards increased frequency of
mesangial lesions and anti-SSB antibodies in TRI positive
patients. Most importantly, TRI did not impact on renal or
patient survival.
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