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Abstract

Objective To investigate the incidence of tubulointerstitial injury in lupus nephritis (LN) and to examine clinicopathological
factors that could indicate the presence of tubulointerstitial injury.

Methods This study included 98 patients with LN. Clinical data and the pathological results of the initial renal biopsy were
collected.

Results The frequency of each tubulointerstitial injury parameter was over 50%, except for the interstitial edema, in the
98 patients investigated in this study. The most frequently detected tubulointerstitial injury parameter was tubular
atrophy in this study. Neutrophil infiltration/karyorrhexis, wire loop lesion, and arteriosclerosis were observed fre-
quently in patients with tubulointerstitial injuries. High serum creatinine and blood urea nitrogen (BUN) were observed
more frequently in patients with tubulointerstitial injuries except tubular degeneration. The multivariable regression
analysis showed a relationship between neutrophil infiltration/karyorrhexis and interstitial fibrosis/tubular degeneration,
a relationship between wire loop lesion and tubulointerstitial inflammation/edema, and a relationship between arterio-
sclerosis and tubulointerstitial injuries (except interstitial edema). Patients with tubular degeneration had lower D-
Dimer levels compared with those without. Patients with interstitial fibrosis had higher blood leukocyte counts than
those without. The rate of low response to therapy was 13% among those without tubulointerstitial inflammation, but
35% in those with interstitial inflammation (P =0.03).

Conclusion Acute and chronic renal tubulointerstitial lesions are often found along with glomerular and vascular lesions. Immune
and vascular factors are probably involved in tubulointerstitial injuries. Tubulointerstitial inflammation may be the initiator of
chronic renal injury and may predict response to therapy.

Key Points

7o provide a theoretical basis for tubulointerstitial injury in LN.

Keywords Clinicopathological factors - Lupus nephritis - Tubulointerstitial injury

Background

Systemic lupus erythematosus (SLE) is a multisystem, auto-
immune disorder of the connective tissues. It is characterized
by autoantibodies that target nuclear antigens, remissions, and
flare-ups, and highly variable clinical presentation, disease
course, and prognosis [1]. Lupus nephritis (LN) is the most
common complication of SLE, affecting about 50% of the
patients with SLE [1]. It is characterized by auto-antibodies
forming immune complexes that deposit into the glomeruli;
those complexes promote an inflammatory response by acti-
vating the complement system and attracting inflammatory
cells [2]. It is classified as class I (minimal mesangial
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glomerulonephritis) to VI (advanced sclerosing LN) accord-
ing to the extent of damage [2]. The remission rate of LN is
only 50-70%, and 10-20% of patients with LN will progress
to end-stage renal disease within 5 years [3]. The management
of Chinese patients with LN improved from 1994 to 2010, but
the clinical outcomes are still suboptimal [4].

Renal pathological examination is the gold standard for the
diagnosis of LN. The guidelines suggest evaluating the severity
of renal damage, developing treatment plans, and determining
the prognosis according to the pathological classification of LN
[2]. The 2003 International Society of Nephrology and Renal
Pathology (ISN/RPS) classification is widely recognized as the
gold standard for the classification of LN and to guide manage-
ment [5], but the published studies report conflicting data regard-
ing the response to therapy and progression to ESRD [6]. Those
conflicting data may be due to the fact that the ISN/RPS patho-
logical classification of LN is based on glomerular injury exclu-
sively [5]. A growing number of experts call for an improvement
in the classification criteria of LN [6].

Renal tubulointerstitial injury in LN is considered to be of
great value for the evaluation of the degree of renal damage
and to guide management, and to determine prognosis [6—10].
Renal tubulointerstitial lesion is a candidate for inclusion in
the pathological classification [11], but data regarding the clin-
ical and pathological factors correlated with the different types
of tubulointerstitial injury in LN are lacking. Glomerular in-
jury is considered the first event leading to proteinuria and
hypoxia, but proteinuria and hypoxia, in turn, lead to
tubulointerstitial inflammation and fibrosis [12—14]. In addi-
tion, it is unknown whether tubulointerstitial injury is a con-
sequence of LN or it occurs simultaneously [9, 14, 15]. It has
been suggested that glomerular and tubulointerstitial injuries
occur together, but that they result from different mechanisms
[12, 13].

Therefore, the present study aimed to investigate the fre-
quency of tubulointerstitial injury parameters in LN and the
differences in clinicopathological factors among patients with
different types of tubulointerstitial injury. The results could
provide a theoretical basis for the eventual use of
tubulointerstitial injury in the classification of LN.

Materials and methods
Patient inclusion

Clinicopathological data of patients with LN diagnosed through
renal biopsy from January 2014 to December 2017 at the Fujian
Provincial Hospital were retrospectively reviewed. The study
was approved by the ethics committee of Fujian Provincial
Hospital, Fuzhou. The pathological diagnostic criteria and clas-
sification criteria of LN were performed with reference to the
ISN/RPS 2013 criteria [5]. The inclusion criteria were first
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confirmed LN by initial renal biopsy, the period from onset to
renal biopsy was less than 1 month, without immunosuppressive
treatment before renal biopsy, and complete clinical data. The
exclusion criteria were no renal biopsy or clinical indicators did
not support the diagnosis of LN.

Routine management

The patients with class III, IV, ITII+V, or [IV+V received induc-
tion immunosuppressive treatment (corticosteroids and
cyclophosphamide/mycophenolate mofetil) for 6 months.
The patients with class V and proteinuria above 2 g/d were
given the above induction immunosuppression for 6 months,
but the patients with class V but lower proteinuria were treated
with an angiotensin-converting enzyme inhibitor and/or an
angiotensin receptor blocker. Class II LN was treated with
prednisolone at 30 mg/day.

Data collection

All pathological examinations were originally carried out by
renal pathologists. The pathological results of the renal biopsy
were collected. Tubulointerstitial inflammation was defined as
the presence of inflammatory cell infiltration in the intersti-
tium [12]. Arteriosclerosis was defined as fibrous thickening
and vitreous degeneration of arterioles. Karyorrhexis was de-
fined as the presence of apoptotic, pyknotic, and fragmented
nuclei. The clinical indexes reflecting liver injury, blood bio-
chemistry, renal function, and LN activity were collected
within 3 days before renal biopsy. Response after 6 months
of treatment was determined. Patients with complete response
and partial remission according to the American College of
Rheumatology/ European League Against Rheumatism
(ACR/EULAR) criteria [16] were classified as the response
group, while the patients without remission were classified as
the low-response group.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 (IBM,
Armonk, NY, USA). The continuous data with normal distri-
bution are expressed as means + standard deviation (SD) and
were analyzed using Student’s ¢ test. Continuous data with
skewed distribution are expressed as quartiles (P25, P75),
and were analyzed using Mann-Whitney U test. Categorical
data are expressed as frequencies and percentages and were
analyzed using the chi square test. The clinicopathological
features with significant (P < 0.05) differences between pa-
tients with and without tubulointerstitial injury in the
univariable analyses were entered in the multivariable binary
logistic regression model (forward method). The results are
expressed as hazard ratio (HR) with 95% confidence intervals
(CIs). Statistical significance was considered as P < 0.05.
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Results

Frequency of tubulointerstitial injury parameters
in patients with LN

The characteristics of the patients are shown in Table 1.
The study included 98 patients with LN (80 women and
18 men; 11-64 years of age). Among the 98 patients, 70
(71.4%) had tubular atrophy, 63 (64.3%) had tubular de-
generation, 68 (69.4%) had tubulointerstitial inflamma-
tion, 10 (10.2%) had interstitial edema, and 52 (53.1%)
had interstitial fibrosis. The frequencies of the renal
tubulointerstitial injuries (except interstitial edema) in
class II LN were all over 44%. The frequency of tubular
degeneration in class II LN was 88.9%. Tubulointerstitial
inflammation was observed in all patients with class [V+
V LN (n=21) (Table 2). Among the 98 patients, anti-
cardiolipin IgG and IgM data were available for 72 pa-
tients. For both markers, over 12 U was considered above
the normal range. Among the 72 patients, seven had high
IgM levels, 13 had high IgG levels, and three had high
IgM and IgG levels.

Pathological parameters according to the presence
of tubulointerstitial injury

The frequencies of some chronic lesions such as
glomerulosclerosis (P= 0.01) and arteriosclerosis (P <0.01)
were higher in patients with tubular atrophy compared with
those without tubular atrophy. Frequencies of acute lesions
such as wire loop lesion (P < 0.001), neutrophil infiltration/
karyorrhexis (P <0.001), and crescent sign (P =0.04) (espe-
cially cellular crescent) were high in patients with tubular
degeneration, but the frequency of arteriosclerosis was low
(P=0.034). Patients with tubulointerstitial inflammation
showed higher frequencies of acute lesions such as wire loop
lesion (P =0.003), neutrophil infiltration/karyorrhexis (P =
0.007), endocapillary proliferative (P=0.001), and chronic
lesion of arteriosclerosis (P < 0.001). Patients with interstitial
edema showed higher frequencies of acute lesions such as the
double track sign (P =0.033), wire loop lesion (P <0.001),
neutrophil infiltration/karyorrhexis (P =0.001), and cellular
fibrous crescent (P < 0.001). The frequency of arteriosclerosis
(P<0.001) was high in patients with interstitial fibrosis, but
frequencies of acute lesions such as the double track sign (P =
0.024), wire loop lesion (P<0.001), and neutrophil
infiltration/karyorrhexis (P <0.001) were low (Table 3). All
tubulointerstitial injuries were observed along with neutrophil
infiltration/ karyorrhexis. All tubulointerstitial injuries except
tubular atrophy were observed along with the wire loop lesion.
All tubulointerstitial injuries except interstitial edema were
observed along with arteriosclerosis.
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Table 1 Characteristics of the patients
(n=98)
Sex, female, n (%) 80 (82)
Age (years) 35+£13%
Pathological type (ISN/RPS), n (%)
Class T 1(1)
Class II 9(9)
Class 111 8 (8)
Class IV 31 (32)
Class V 18 (18)
Class VI 1(1)
Class I[lI +V 9(9)
Class IV +V 21 1)
Pathological types, n (%)
Tubular atrophy 70 (71)
Tubular degeneration 63 (64)
Tubulointerstitial inflammation 68 (69)
Interstitial edema 10 (10)
Interstitial fibrosis 52 (53)
Renal biopsy, n (%)
Glomerular number 14 +6%*
Glomerulosclerosis 47 (48)
Double track sign 8 (8)
Wire loop 26 (27)
Neutrophil infiltration/karyorrhexis 40 (41)
Crescent 30 (31)
Cellular crescent 16 (16)
Cellular fibrous crescent 2(2)
Fibrous crescent 21 (21)
Thrombotic microangiopathy 19 (19)
Arteriosclerosis 52 (53)
Endocapillary proliferative 64 (65)
Cast 15 (16)
Laboratory parameters
RBC (x 10°) 3.70+0.77*
Hemoglobin (g/1) 102.70 +£27.41*
Leukocyte count (x 10%) 6.12+3.34%
Lymphocyte counts (x 10%) 1.41+0.85*
Monocyte counts (x 10%) 0.40 +0.23%*
Platelets (x 10'%) 208.57 +93.06*
Cholesterol (mmol/l) 5.46+1.83%
Albumin (g/1) 27.59+£7.98%*
ALT (U/N) 14 (10.00, 21.25) #
BUN (mmol/l) 6.6 (4.10, 10.85) *
Creatinine (pmol/I) 74.5 (54.75, 111.00) *
C3 (g/) 0.56 (0.29, 0.74) *
C4 (g/) 0.09 (0.04, 0.18) *

Anti-dsDNA (titer)

Antinuclear antibody (ANA)(titer)

ESR (mm/h)

D-Dimer (mg/1)
Urinary protein (g/24 h)
Urine volume (L)

Path cast

10 (0.00, 100) *
1000 (1000, 3200) #
35 (21.00, 65.50) *
1.85 (0.59, 3.25)#
2.45(0.71,3.93) *
2.0 (1.68,2.50) *
0.2 (0.07,0.54) *

*Shown as means + standard deviation
# Shown as medians (interquartile range)

All categorical variables are shown as 1 (%)

Clinical parameters according to the presence
of tubulointerstitial injury

Patients with tubular atrophy had elevated leukocyte count
(P= 0.012), elevated serum creatinine (sCr) (P= 0.006),
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Table 2  Frequency of tubulointerstitial injury parameters in patients with LN [% (1/N)]

Pathology type Tubular atrophy Tubular degeneration Tubulointerstitial Interstitial edema Interstitial fibrosis
inflammation
Class I 0.0% 100% 0.0% 0.0% 0.0%
(N=1) (0/1) (/1) (0/1) 0/1) (0/1)
Class II (N=9) 55.6% (5/9) 88.9% 44.4% 0% 55.6%
(8/9) (4/9) (0/9) (5/9)
Class III (N=8) 75.0% (6/8) 62.5% 62.5% 0.0% (0/8) 75.0%
(5/8) (5/8) (6/8)
Class IV (N=31) 77.4% (24/31) 452% (14/31) 74.2% 12.9% (4/31) 71.0%
(23/31) (22/31)
Class V (N=18) 61.1% (11/18) 61.1% (11/18) 50.0% 5.6% (1/18) 333%
(9/18) (6/18)
Class VI(N=1) 100% (1/1) 100% 100% 0.0% (0/1) 100%
1/1) (1/1) 1/1)
Class III+V (N=9) 66.7% (6/9) 55.6% 55.9% 0.0% (0/9) 44.4%
(5/9) (5/9) (4/9)
Class IV+V (N=21) 81.0% (17/21) 85.7% (18/21) 100% 23.8% (5/21) 38.1%
(2121) 821
Total (N=98) 71.4% (70/98) 64.3% (63/98) 69.39% 10.2% (10/98) 53.1%
(68/98) (52/98)

and elevated BUN (P =0.006). Patients with tubular degener-
ation had lower sCr (P=0.011), lower BUN (P =0.019), low-
er D-Dimer (P =0.002), and higher ESR (P = 0.048). Patients
with tubulointerstitial inflammation had elevated sCr (P
< 0.001), elevated BUN (P =0.002), and elevated proteinuria
(P =0.044). Patients with interstitial edema had elevated ESR
(P =0.046). Patients with interstitial fibrosis had elevated leu-
kocyte count (P= 0.017), elevated sCr (P < 0.001), elevated
BUN (P < 0.001), and elevated D-Dimer (P=0.037). All
tubulointerstitial injuries except interstitial edema were found
along with sCr and BUN (Table 3).

Multivariable logistic regression
for clinicopathological features and tubulointerstitial

injury

The clinicopathological features with significant differences
(P <0.05) in the univariable analyses were entered in a mul-
tivariable binary logistic regression model (forward method).
Patients with glomerulosclerosis (HR =3.63, 95% CI 1.18—
11.16, P=0.02) and arteriosclerosis (HR =10.64, 95% CI
3.21-35.32, P<0.001) had a higher hazard of tubular atrophy.
Patients with neutrophil infiltration/karyorrhexis (HR = 84.03,
95% CI 8.46-834.71, P <0.001), arteriosclerosis (HR =0.30,
95% C10.10-0.89, P=0.03), and lower D-dimer (HR =0.75,
95% CI 0.58-0.98, P=0.04) had higher hazard of tubular
degeneration. Patients with endocapillary proliferation
(HR =3.02, 95% CI 1.02-8.95, P =0.046), arteriosclerosis
(HR=6.33, 95% CI 2.21-18.12, P=0.001), and wire loop
lesion (HR =6.02, 95% CI 1.11-32.56, P=0.04) had higher
hazard of tubulointerstitial inflammation. Patients with the
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wire loop lesion (HR=15.56, 95% CI 3.04-79.69, P=
0.001) had a higher hazard of interstitial edema. Patients with
neutrophil infiltration/karyorrhexis (HR =0.12, 95% CI1 0.04—
0.37, P<0.001), arteriosclerosis (HR =5.27, 95% CI 1.84—
15.10, P=0.002), and higher cast (HR =10.68, 95% CI
1.67-68.35, P=0.01) had higher hazard of interstitial fibrosis
(Table 4).

Rates of low response to therapy

Response after 6 months of treatment was determined and
analyzed according to the presence of different types of
tubulointerstitial injury. After 6 months of treatment, 28 pa-
tients had a low response to therapy. The rate of low response
was 29%. Patients with tubulointerstitial inflammation had a
higher rate of low response to therapy (P = 0.03), while there
were no differences in patients with the other tubulointerstitial
injury (tubular degeneration, P =0.216; tubular atrophy, P =
0.089; interstitial edema, P= 0.99; and interstitial fibrosis,
P=0.117) (Fig. 1).

Discussion

The results showed that the frequency of each
tubulointerstitial injury parameter (except for the interstitial
edema) was over 50% in the 98 patients investigated in this
study. The most frequently detected tubulointerstitial injury
parameter was tubular atrophy in this study. This is supported
by previous studies [7]. The present study also showed that
tubulointerstitial inflammation occurred in all 21 cases of class



1621

Clin Rheumatol (2020) 39:1617-1626

(8570 ‘00°0) L1°0 (€570 °L0°0) €T°0 €690 (08°0 °L0°0) T'0 (00 ‘LO0) T'1 1670 (€50 '80°0) 8T'0 (8570 ‘20°0) L1°0 Ased yred Areutin)
(STTES D61 (09°T0L'1) SO'C 865°0 (0S'T0L' D ¥0°T (oszoDtT 1L0°0 (TET 0D 06T (09°T°0L1) LO'T » (D wnjoA sutin
OLT IS0 ST (SEY ¥80) 6T 690°0 00 ‘0S°1) €€ (0S°€09°0) 9'1 LSY0 (S6'€ €5°0) §S°T (€6'€ ‘€6°0) SS°T 4+ (U $7/3) ermurojorg

(9€°€ °LS°0) 68°1 (81°€‘89°0) 8'1 2000 (68°€ ‘v¥'1) 6v'C 8F'T6v'0) 61°1 8550 (8T190) t¥'1 (LTE€85°0) S6'1 4 (I/8w) unq-q

(STT19°00'10) S'€€ (599 °ST'12) §'9¢ 8#0°0 (00'9S “00°02) ST (00°€L “00°€D) OF 9LT0 (SL'T01 “00°12) OF (00°€9 ‘00°'12) S€ o (q/u) YsH
(00Z€ “0£8) 0001 (00Z€ “0001) 0001 S61°0 (00Z€ “0T€) 0001 (00Z€ “0001) 0001 S740) (00Z€ 0001) 001¢ (00Z€ “0001) 0001 . (1) (VNV) Apoquue Jes[pnunuy

(007001 ‘00°0) 1T (007001 “00°0) 01 6680 (001 “00°0) T€ (007001 ‘00°0) 0T 7550 (007001 “00°0) 0T (001 “00°0) 1T 4 (191) YNAsp-nuy

(F1°0 $0°0) L0'0 (0T0 ¥0°0) 11°0 0560 (TT0 °€0°0) L0'0 (S1°0 °50°0) 1°0 €76°0 (91°0 70°0) 60°0 (81°0 ¥0°0) 600 & (1/8) ¥ yuowdrduwo)

(¥8°0 ‘0€°0) 290 (89°0 ‘62°0) 0S°0 SIT°0 (89°0 ‘TT'0) 6£°0 (LL'O €€°0) 8S°0 698°0 (9L°0 '8T°0) €570 (€L°0 ‘8T°0) 95°0 & (1/8) ¢ yowdrdwop

(STS8 “SL'Th) ¥9 (00°IST ‘ST°09) 18 6100 (00'T#1 ‘00'89) t6 (0076 “00°€S) 0099 9000 (00°6L “SL'TH) $'S9 (STLET ‘0S°LS) 9'18 4 (jowm) 18

(€59 '8L'D) SOt (0L°€T €5°S) S0'8 1100 (00TI 019 €8 (086 09°€) L'S 9000 (S9'L ‘€LD) 9SS (8L'1T ‘89t) 'L 4 (joww) NN g

(00TT 00T 91 (SL0T *00°01) €1 6180 (00'1Z 00'6) T1 (00TZ ‘001D ¥1 861°0 (SL€T*sTID 91 (001 ‘00°01) €1 » 0 1TV

YL'LF 0967 Y6'LFIL'9T 695°0 V'S FL69T LLLFY6'LT 970 69°LF19°9C 11’8 F66'LT «(1/3) urunqpy

ISTFEIS PSTF09°S YEE0 SLTFOLS 88 TFIES SET°0 LOTFITS 8L TFSSS «(]/j0w) [013)s3[0y)

60°€01 FLO'TET £8'98F 9861 LST°0 TUTILF99°061 Y01 FTS'8IT z81°0 EILITF9¥°8TT 8’18 F 197007 (2,01 x) JUNOO Jo[a1e[d

[T0F8E0 STOFI+0 €10 YTOFEY0 €TOF8E0 006°0 YTOFOr0 YTOFOr0 #(01 x) JuNnod 21Ko0U0N

S8OF Y1 98°0F 8¢l 0180 89°0F 1 P6'0FOF'1 $99°0 160FSET €80FEH 1 (01 x) yunod akooydudy

9S'TFIV'S [9°CF 149 69€°0 80°€ FTS9 8 EF06'S z10o Y6 TFLOS 69 EFHS9 (01 x) JuN0d ALo0NNT

CI6EFI1TE01 19°0TF L'T01 S08°0 0L'9TF LL'TOT 00'8TF1T€01 0LL0 9TIEF IF 101 9T ETFITE01 +(1/8) wqo[SowoH

T6'0FILE 0L0FLYE SL80 98'0F89°¢ TLOFILE 9%9°0 LLOFILE 8L°0F89°¢ (01 x) Junod dAqLoonpArg

s19jowered A1oye1oqe]

@ %L (€1) %61 €950 () w11 (1D %L1 S0 (©) %11 (T %L1 18D

@D %ov (TS) %9L I (€0) %99 (1) %S9 67€°0 91) %LS (8) %69 aanesdprjoxd Areqrdesopug

(8) %LT (S¥) %99 90°0 (Y0 %69 (80) %t ¥ 8L°0 () %Y1 (8%) %69 Aypedorueoroiu dnoquIory],

(€) %01 1) %t $£0°0 (©) %6 (91) %St 10070 > 9) %IT (€D %61 SISOIQ[ISOLIDUY

(h) %E1 (LD %St 80°0 ) %11 (LD %LT ¥65°0 (L) %ST F1) %0t JUG0S0I0 SNOIQL]

(0) %0 (0 %¢ 9€5°0 (0) %0 @) we [ (0) %0 Q) %e JU2ISAID SNOIQY Te[n[[o)

Q) %L D %1t SHO0 (2) %9 (¥ %ee I (r) %Y1 (TD %L1 JUSDSAID JB[N[[D)

(S) %L1 (SO %LE #0°0 (9) %L1 (YO %8¢ 7180 (6) %TE (1D %0¢ WIS

(9) %0T (¥€) %0S 10070 > (D %¢ (6€) %79 ##0°0 1) %LS (YO e sixoyLIoAIey /uonen[yul [rydonnaN

Q) %L (Y0 %S¢ 1000 > (1) %€ (ST %0Y €170 01 %9¢ 1) %t dooy amp

Q) %L (9) %6 €570 (D %€ (L) %11 100 (S) %81 (€) %t usis soen d[qno

0D %ee (LE) %S 8020 (00) %LS (LD %y 1000 9) %It (I%) %6S SISOI0[OSO[NLISWO[D)

LFET SFSI €rS0 PFSI 9F I 01t°0 9FCI SFSI Jaquunu Ie[niswojn

s1ojowered [eorSojoyreq

YIFTE TIF9E L0 Y1 F e €I FSE L90°0 11F0€ €1 F9¢ #(s189K) 98y

(€0 %LL (LS) %¥8 €Yo (LD %LL (€9) %¥8 8LS°0 (¥20) %98 (99) %08 (%) orewoy X
(0g=u) oN (89 =u) sox d (s¢=u) oN (€9 =u) sox d (8T=u) oON (0L =u) SOx
uonewIwRUI [ennsIuIoNgny, uoneIdua3ap Je[ngny, Aydome renqny,

SUOISO] N 0} SuIpI109oe s10)08] [eoISojoyped pue [edwu)) € d|qel

pringer

Qs



(%) u se umoys aIe so[qeLIeA [eoLI039)ed [y
(98urex dqurenbiojur) sueIpowr se UMOYS ,
UONRIAOD PIEPUR)S F SUBIW SB UMOUS

QeI UOTRJUAWIPAS AAD0IYPAID ‘YST VN POPUBNS-I[qNOP-IUL ‘VA/(7SP-IUY QUIUNBAID WNIOS /S {UdF0NIU BAIN POO[q ‘N/g ‘dseuresuer) SIAnIAd-orwen|s 77V

Clin Rheumatol (2020) 39:1617-1626

1622

€180 (0S°0 80°0) €20 (S9°0 °L0°0) T'0 £95°0 (€570 °L0°0) T'0 (€71 °11°0) 0T°0 8L9°0 Ased yed Areutin
¥TL0 (€5°7°89'1) 0T (87T €9'1) S6'1 v1S°0 (os'zoL'1D 0T (€98 D SL'I YEL0 » (D wnjoA sutin
$60°0 (€5°€°€9°0) 6¥'1 (ST'¥‘6v°1) 89°C ¥TT0 (08°€°L90) TT (88 °s€1) '€ #£0°0 4 (U $7/3) ermurojorg
L£0°0 FO'€ ‘€0 TI'T 0€€‘61'T) 60T 6180 81°€ ‘19°0) L8'T (66'€ TS0 TI'T €580 o (1/8uw) ung-q
YLT'O (0S'TL ‘SL'1D) €F (SL°6S ‘00°'10) 1€ 9#0°0 (00°59 ‘00°12) €€ (SL°68 “ST'LE) §°9¢ 8890 o (Q/u) sH
0LY'0 (00Z€ “0001) 0001 (00Z€ “0T€) 0001 0560 (00Z€ “0T€) 0001 (0SST “0001) 0001 L19°0 . (101m) (VNV) Apoquue 1es[pnunuy
0+9°0 (00°001 ‘00°0) 1T (00°001 00°0) 0T ¥0S°0 (00°00T “00°0) 0T (00°0T€ ‘05°L) 1T 988°0 , (1) VNQasp-nuy
6TL0 (#1°0 ¥0°0) 60°0 (1770 “€€°0) 60°0 65€°0 (81°0 ¥0°0) 60°0 (T1°0 °€0°0) 60°0 9970 & (1/8) ¥ yuowarduoy
885°0 (69°0 ‘62°0) 05°0 (8L°0 ‘¥T°0) 85°0 Lo (LL'0 8T°0) 65°0 (8%°0 '8T°0) 0 Y10 & (1/3) ¢ yuowdidwo)
1000 > (0008 *SL'LY) $+9 (00'TLT *SL'S9) 96 L96°0 (SLOTT ‘00°SS) S¥L (ST'S8T “00°€S) €L 2000 4 (y1owr) 1s
1000 > 0€'L01¢) S€°S (06°€1 “S0°S) ST'6 L06°0 (89°01 “0€'%) 99 (€1°81 “89°¢) $8'9 1000 > 4 ([/10ww) NNg
1€20 (00T 001D ¥1 (0012 °00'6) 1 9160 (SL 1T 0D 1 (00'1T 'S°01) ST L6T0 » /) 1TV
z81°0 T6'LFYL'ST L6'LF8S9T 7970 LELF6LT Y6'LF 64T 860°0 «(1/3) urunqry
¥EL0 6 TF6ES LL1FTS'S 9LE0 LSTFISS SFIFLOY T0 «(]/]0w) [o11sa[0y)
1650 8L 101 F86°€1T TES8F6LE0T 6070 €S6F0TIIT 08'69 F 0F'S81 Tio +(,01 ) 1UN00 1[I
¥89°0 9T0F6£0 ITOF 1¥°0 €r6°0 TTOFOL0 9¢'0F 0t'0 S0 #(01 x) JuN0d 2)Ko0U0N
0ZS°0 PSOFSET 98°0F 9t €79°0 SLOFSET ISTFEYT 6950 (401 x) 3unod ALooydwAy
L10°0 LSTF6TS LL'€F 989 8LE0 STEFT09 61V FI0L 6€1°0 (01 x) JNod 9Lo0xNT
7880 €S6TF I €01 LYSTFIET01 80L°0 I¥'8TF S0°€01 L8'9TF 0966 760 +(1/3) uIqojSowoy
996°0 LY0OFOLE 98'0F6L'E 6550 6L0FTLE SS0FISE 2090 (01 x) Junod dLoonpArg
s1jowered A1oye1oqe ]
§00°0 Q) %Y (€1) %St 8%9°0 (€1 %S1 (D) %0T 6€1°0 8D
I (09) %59 (¥©) %59 L0 (9%) %S (9) %09 1000 aanesdprjord Areqidesopug
43N0 (F1) %0¢ (8€) %EL 2010 (S$) %€9 (6) %06 L9T°0 Aypedorgueoromu dnoquIory],
1000 > (T %9t (L) »ET 8L0°0 91) %81 (©) %0¢ 1000 > SISOIQ[ISOLIDUY
TL9°0 (1D %¥T 1) %61 ! (61) %TT () %0T 9870 JUSISAID SNOIqL]
L6Y'0 (0) %0 Q) %Y 1000 > (D) %t (01) %001 I JUSISAID SNOIQY. Te[N[[o))
I (L) %S1 (6) %LT LOT0 (€1) %S1 (©) %0¢ LETO JUSDSAID IB[N[[D)
! (F1) %0¢ 9D %1€ ! (LD %1€ (©) %0¢ 850°0 JUDISAID)
1000 > (80) %19 (T %ET 1000 (1) %S¢ (6) %06 £00°0 SIXQULIOATRY /uonenyur [rydonnan
1000 > (00 %ey (9) %1 1000 > (81) %02 (8) %08 £00°0 dooy ampm
#20°0 (L) %S1 (D %t ££0°0 (S) %9 (€) %0¢ [ ugis yoen d[qno
110 (81) %6€ (60) %95 881°0 (0%) %Sy (L) %0L 6L0°0 SISOI0OSO[NLISWO[D)
985°0 LTI PFSI #20°0 9F ST PFII L¥YT0 Joquunu Ie[niswoln
s1jowered [eorSojoyred
120 TIFEE YIF9¢ 6€L°0 €I FSE TIFEE 6v1°0 #(s189K) 08y
SIT°0 (%) %68 (6€) %SL I (TL) %T8 (8) %08 8010 (9) orewdy xo8
d (9¢=u) ON (TS =u) sox d (88 =u) ON (01 =u) sox d

SISOIQIJ [ENNSIONU]

BUIOPA [ENTSIAN]

UONRWIIR[JUT [ENNSISUIONgN],

(ponumuoo) ¢ J[qe,

pringer

As



Clin Rheumatol (2020) 39:1617-1626

1623

Table 4 Multivariable logistic regression for clinicopathological
features and tubulointerstitial injury

HR 95% CI1 P value

Tubular atrophy
Glomerulosclerosis 3.634 1.183-11.161 0.024
Arteriosclerosis 10.639 3.205-35.318 <0.001

Tubular degeneration
Neutrophil infiltration/ karyorrhexis 84.030 8.459-834.712 <0.001

Arteriosclerosis 0.295 0.098-0.893 0.031

D-Dimer 0.754 0.579-0.983 0.037
Tubulointerstitial inflammation

Endocapillary proliferative 3.020 1.020-8.945 0.046

Arteriosclerosis 6331 2.212-18.121 0.001

Wire loop lesion 6.019 1.114-32.559 0.037
Interstitial edema

Wire loop lesion 15.556 3.036-79.693 0.001
Interstitial fibrosis

Neutrophil infiltration/ karyorrhexis  0.117 0.037-0.372  <0.001

Arteriosclerosis 5272 1.841-15.095 0.002

Cast 10.677 1.668-68.353 0.012

Leukocyte count 1.159 0.993-1.353 0.061

IV+V LN. Even in patients with class I LN, in which the
typical glomerular lesions are mild, the incidence of
tubulointerstitial injury was still high (up to 88.9%), and more
than 50% of the patients with class II LN had tubular atrophy
as chronic injury. Those results suggest that glomerular and
tubulointerstitial lesions coexist in many patients, but not in all
of them, as Yu et al. have shown [9]. Therefore, as suggested
by Yu et al. [9], the ISN/RPS classification could also reflect
tubulointerstitial lesions based on the glomerular lesions, but
the ISN/RPS classification focuses on the glomerular lesions
and the tubulointerstitial lesions could also be helpful for de-
termining the prognosis of those patients.

In LN, anti-dsDNA antibodies either bind to chromatin or
to cross-reactive antigens on the surface of renal cells or ex-
tracellular matrix [17]. Previous studies suggested links be-
tween anti-dsDNA antibody deposition and tubulointerstitial
fibrosis in LN through the accumulation of matrix proteins
[18-20]. The intraglomerular accumulation of fibronectin
can be the result of plasma fibronectin capture and local syn-
thesis [20-22]. Anti-dsDNA are able to induce the synthesis
of fibronectin through PKC-o, PKC-31, and PKC-{1I phos-
phorylation and TGF-31 secretion [19], while increased fibro-
nectin synthesis by proximal renal tubular epithelial cells in-
volves increased ERK, p38 MAPK, Jun N-terminal Kinase
(JNK), PKC-«, and PKC-BII activation, but not PKC-pI, all
of them inducing the secretion of TGF-f1, IL-6, IL-8,
monocyte chemoattractant protein 1 (MCP-1), and tumor
necrosis factor-alpha (THF-«) [23]. Therefore, it can be hy-
pothesized that tubulointerstitial damage may occur
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Fig. 1 Rate of low response to therapy by tubulointerstitial injury
(*P<0.05)

independently from glomerular damage and that the two cat-
egories of lesions involve different mechanisms [9, 14, 15].
This is supported by Yu et al. [9], who showed that not all
patients with glomerular lesions developed concomitant
tubulointerstitial lesions. Based on murine studies, Davidson
et al. [14] showed that numerous pathways participated in the
development of LN and suggested that those pathways should
be identified in each case of LN in order to individualize the
treatments. Indeed, those mechanisms include Th cell activa-
tion, B cell activation, anti-dsDNA secretion, and TLR ex-
pression and inflammation through IFN-«, IL-6, IL-17, and
IL-21 [24-28], among others, and not all mechanisms are
necessarily activated at the same time within a given individ-
ual. Therefore, drugs that modulate inflammation could play
roles in the management of tubulointerstitial lesions. For ex-
ample, mycophenolic acid (MPA) could be used as a treatment
against tubulointerstitial inflammation and fibrosis through its
direct action on tubular epithelial cells [29-31]. Nevertheless,
all those studies, including the present one, included patients
with glomerular lesions, and it should be interesting to observe
patients with tubulointerstitial lesions only.

Previous studies showed that tubulointerstitial inflammation
might indicate the progression of an ongoing injury [8, 32].
Recent basic studies showed that tubulointerstitial inflammation
drives the progression of chronic kidney disease (CKD) [33-37].
The reason why the frequencies of acute and chronic renal injury
parameters are higher in patients with tubulointerstitial inflam-
mation may be that tubulointerstitial inflammation is not only a
sign indicating acute renal injury but also a force driving acute
renal injury toward chronic injury.

Abnormality of some clinical indicators is often more seri-
ous in specific tubulointerstitial lesions. These clinical indica-
tors mainly reflect the renal injury (sCr, BUN, and urinary
protein) and inflammation (leukocyte count), while other
markers reflecting liver function (ALT, ALB, and cholesterol),
hematology (erythrocyte, hemoglobin, and platelet), and ac-
tivity of LN (complements, anti-dsDNA, and ESR) showed no
such relationship. This is supported by the literature [8, 38].
Nevertheless, there are exceptions. For example, the levels of
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Cr and BUN in the tubular degeneration group were lower
than in the patients without tubular degeneration. It is interest-
ing that LN patients without tubular degeneration seem to
have higher sCr and BUN levels. Maybe tubular degeneration
is not only a consequence of LN but also a sign of renal injury
repair.

After multivariable regression analysis based on clinico-
pathological factors, patients with high leukocyte count still
had a higher hazard of interstitial fibrosis. As for the patho-
logic indexes, patients displaying neutrophil infiltration/
karyorrhexis, wire loop lesion, and arteriosclerosis had a
higher hazard of at least two tubulointerstitial injuries. It
seems that patients with immune factors (elevated leukocyte
count, neutrophil infiltration/karyorrhexis, and wire loop le-
sion) and vascular factors (arteriosclerosis) had a higher haz-
ard of tubulointerstitial injuries. As for leukocyte count, Wu
etal. demonstrated a pathogenic role for leukocyte chemotaxis
involving collectin-11, a recently described soluble C-type
lectin, in the development of interstitial fibrosis in an animal
study [39]. Specifically, collectin-11 promotes leukocyte re-
cruitment and fibroblast proliferation in a carbohydrate-
dependent manner [39]. Collectin-11-deficient mice showed
markedly decreased tubulointerstitial fibrosis compared with
wild type ones [39]. It would be valuable to explore the po-
tential role of immune and vascular factors in the development
of tubulointerstitial injuries.

Previous studies have identified LN patients with
tubulointerstitial inflammation as being at the greatest risk
for progression to renal failure, while there was no relationship
between the probability of remission and tubulointerstitial in-
flammation [7, 8]. In the present study, to minimize the con-
founding factors, we included patients with LN confirmed
using renal biopsy, with renal biopsy within 1 month of symp-
tom onset, and without immunosuppressive treatment before
renal biopsy. After evaluating the response to therapy in the
first 6 months of treatment, we found that the rate of low
response to therapy was significantly higher in patients with
tubulointerstitial inflammation. It suggests that LN patients
with tubulointerstitial inflammation should receive more ag-
gressive treatment to achieve better renal outcomes. Of note,
tubulointerstitial inflammation is one of the most favorable
prognostic factors for kidney survival [40-42]. Additional
studies are needed to investigate how to improve
tubulointerstitial inflammation, as well as how to improve
the impact of tubulointerstitial inflammation on renal
prognosis.

This study has several limitations. First, it was a retrospec-
tive study, which is vulnerable to missing data. Second, the
study included a relatively small sample of LN biopsies, and
the degree of tubulointerstitial lesions could not be further
analyzed. Finally, the efficacy of the final treatment response
was judged according to the ACR/EULAR criteria, but when
the patients were grouped, those with a complete response and

@ Springer

partial remission according to the ACR/EULAR criteria were
classified as the response group, while the patients without
remission were classified as the low-response group. This
grouping had to be adopted because the number of patients
was relatively small, and to reduce the statistical error. Despite
these limitations, this study provides evidence for the clinico-
pathological factors found along with tubulointerstitial injury
and the potential predictive value of tubulointerstitial inflam-
mation, which is important for exploring how
tubulointerstitial injury affects the development of LN. It is
necessary to expand the sample size of each pathological type
further and obtain long-term follow-up to confirm these
results.

Conclusion

Tubulointerstitial injury is common in LN, and obvious
tubulointerstitial injury can be observed when the glomerular
lesion is not serious. Acute and chronic renal tubulointerstitial
lesions are found, along with glomerular and vascular lesions.
Abnormal immune and vascular indexes are found along with
tubulointerstitial injuries. Tubulointerstitial inflammation may
be the initiator of chronic renal injury and predicts the re-
sponse to therapy.
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