Nephrol Dial Transplant (2021) 36: 295-305
doi: 10.1093/ndt/gfz168
Advance Access publication 10 October 2019

Urinary chemokine C-X-C motif ligand 16 and endostatin as
predictors of tubulointerstitial fibrosis in patients with
advanced diabetic kidney disease

Yu Ho Lee"?, Ki Pyo Kim"~, Sun-Hwa Park’, Dong-Jin Kim', Yang-Gyun Kim', Ju-Young Moon',
Su-Woong Jung', Jin Sug Kim', Kyung-Hwan Jeong', So-Young Lee?, Dong-Ho Yang?, Sung-Jig Lim*,
Jeong-Taek Woo’, Sang Youl Rhee’, Suk Chon’, Hoon-Young Choi®, Hyeong-Cheon Park®, Young-11 Jo,
Joo-Hark Yi ® ®, Sang-Woong Han ® ® and Sang-Ho Lee"’

'Division of Nephrology, Department of Internal Medicine, Kyung Hee University School of Medicine, Seoul, Korea, *Division of Nephrology,
Department of Internal Medicine, CHA Bundang Medical Center, CHA University, Seongnam, Korea, >Department of Internal Medicine, Seoul
National University Bundang Hospital, Seongnam, Republic of Korea, “Department of Pathology, Department of Internal Medicine, Kyung Hee
University School of Medicine, Seoul, Korea, >Department of Endocrinology and Metabolism, Kyung Hee University School of Medicine, Seoul,
Korea, ®Division of Nephrology, Department of Internal Medicine, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul,
Korea, Division of Nephrology, Department of Internal Medicine, Konkuk University Medical Center, Seoul, Korea, *Division of Nephrology,
Department of Internal Medicine, Hanyang University Guri Hospital, Guri, Korea and *Kyung Hee Medical Science Research Institute, Kyung

Hee University, Seoul, Korea

Correspondence and offprint requests to: Sang-Ho Lee; E-mail: Ishkidney@khu.ac.kr

ABSTRACT

Background. Interstitial fibrosis and tubular atrophy (IFTA) is
a well-recognized risk factor for poor renal outcome in patients
with diabetic kidney disease (DKD). However, a noninvasive
biomarker for IFTA is currently lacking. The purpose of this
study was to identify urinary markers of IFT'A and to determine
their clinical relevance as predictors of renal prognosis.
Methods. Seventy patients with biopsy-proven isolated DKD
were enrolled in this study. We measured multiple urinary in-
flammatory cytokines and chemokines by multiplex enzyme-
linked immunosorbent assay in these patients and evaluated
their association with various pathologic features and renal
outcomes.

Results. Patients enrolled in this study exhibited advanced
DKD at the time of renal biopsy, characterized by moderate to
severe renal dysfunction [mean estimated glomerular filtration
rate (eGFR) 36.1 mL/min/1.73 m?] and heavy proteinuria
(mean urinary protein:creatinine ratio 7.8g/g creatinine).
Clinicopathologic analysis revealed that higher IFTA scores
were associated with worse baseline eGFR (P < 0.001) and poor
renal outcome (P =0.002), whereas glomerular injury scores
were not. Among measured urinary inflammatory markers, C-
X-C motif ligand 16 (CXCL16) and endostatin showed strong
correlations with IFTA scores (P = 0.001 and P < 0.001, respec-
tively), and patients with higher levels of urinary CXCL16 and/
or endostatin experienced significantly rapid renal progression

compared with other patients (P < 0.001). Finally, increased
urinary CXCL16 and endostatin were independent risk factors
for poor renal outcome after multivariate adjustments (95%
confidence interval 1.070-3.455, P = 0.029).

Conclusions. Urinary CXCL16 and endostatin could reflect the
degree of IFTA and serve as biomarkers of renal outcome in
patients with advanced DKD.

Keywords: CXCL16, diabetic kidney disease, endostatin, inter-
stitial fibrosis and tubular atrophy, pathologic classification

INTRODUCTION

Diabetic kidney disease (DKD) is a leading cause of end-stage
renal disease (ESRD) in South Korea [1]. In the past, the natural
course of DKD was described as predictable and the level of
proteinuria was considered one of the most important prognos-
tic indicators for the decline in renal function, especially in
patients with early stages of diabetes mellitus (DM) [2-4].
Recently, however, a large epidemiological study demonstrated
that among diabetic patients, the prevalence of albuminuria has
been decreasing while the prevalence of estimated glomerular
filtration rate (eGFR) has been increasing steadily over the last
three decades [5]. Moreover, studies suggest that proteinuria
alone could not accurately predict the clinical course and renal
prognosis of diabetic patients [6]. Changing paradigms of DKD
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necessitate redefining the natural history of DKD as well as dis-
covering novel biomarkers for the accurate prediction of renal
progression.

The Renal Pathology Society proposed new pathologic
classifications of DKD in 2010, consisting of glomerular, tubu-
lointerstitial and vascular components [7]. Although several
studies have validated the clinical use of this system for predict-
ing renal outcomes [8-11], a major limitation is that diabetic
patients exhibiting no clinical evidence of nondiabetic renal dis-
ease still do not undergo routine renal biopsy in most hospitals.
Therefore biomarkers that can accurately reflect the pathologic
status of the kidney would have the potential to substitute for
invasive renal biopsy.

To date, there has been considerable research on developing
biomarkers that help predict the renal prognosis of diabetic
patients [12]. Proinflammatory cytokines and chemokines are
of particular interest among them since sustained low-grade in-
flammation is a major contributing factor to the development
and progression of DKD [13]. Indeed, evidence has demon-
strated that several urinary inflammatory markers are associ-
ated with a rapid decline in renal function [14-18]. However,
the diagnosis of DKD was made based on clinical evidence in
these studies. Therefore the presence of unexpected nondiabetic
renal diseases could not be excluded and, more importantly, the
relationship between various urinary markers and the patho-
logic features of DKD has not been provided. The aim of this
study was to identify potential urinary inflammatory markers
that can reflect intrarenal pathologic status in patients with
biopsy-proven DKD. We also evaluated the association among
various urinary biomarkers, the rate of decline in renal function
and the progression to ESRD to determine the clinical relevance
of these inflammatory markers as predictors of renal prognosis.

MATERIALS AND METHODS
Patient selection and study design

An overview of the study design and patient recruitment
strategy is provided in Figure 1. First, we screened 220 type 2 di-
abetic patients who underwent renal biopsy at six different hos-
pitals from January 2012 to December 2016 to determine
eligibility for this study. Upon pathologic review, 114 patients
were diagnosed with isolated DKD with no evidence of other
nondiabetic renal disease. Of these, 70 patients were ultimately
included in this study after excluding 44 patients (see Figure 1
for detailed reasons). Indications for renal biopsy were de-
scribed previously [19]. We also recruited three independent
control groups for the comparison of urinary inflammatory
markers; 6 age- and sex-matched individuals at high risk of
DM, defined as having impaired fasting glucose and/or im-
paired glucose tolerance, 10 type 2 diabetic patients maintaining
normal renal function and normoalbuminuria and 15 age-, sex-
and eGFR-matched nondiabetic patients with biopsy-proven
hypertensive nephrosclerosis.

Clinical and laboratory data were collected at the time of re-
nal biopsy. Renal function was assessed by eGFR, calculated by
the Chronic Kidney Disease Epidemiology Collaboration for-
mula [20]. The level of proteinuria was measured by 24-h urine
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collection, if possible, or calculated as spot urinary
protein:creatinine ratio [PCR, g/g creatinine (Cr)]. Renal out-
comes were defined as progression to ESRD requiring either di-
alysis or kidney transplantation. The institutional review board
from each hospital approved this study (IRB no. KHNMC
2008-030) and informed consent was obtained from all
patients.

Pathologic diagnoses and classifications of patients

All biopsy specimens were processed by standard methods
and examined by pathologists at each hospital. Pathologic diag-
nosis of DKD was made and categorized by pathologic classifi-
cation of the Renal Pathology Society (Supplementary data,
Table S1) [7]. In brief, five different pathologic parameters were
used: glomerular classification, interstitial fibrosis and tubular
atrophy (IFTA), interstitial inflammation, arteriolar hyalinosis
and arteriosclerosis. Hypertensive nephrosclerosis was diag-
nosed based on their typical pathologic findings [21] and the
exclusion of other primary glomerular or tubulointerstitial ne-
phropathy. All pathologic data were reviewed and confirmed by
another pathologist at Kyung Hee University (LSJ) for the reli-
ability and reproducibility of the diagnoses and classification.

Urine sample collection and measurements of urinary
inflammatory markers by multiplex enzyme-linked
immunosorbent assay (ELISA)

Urine samples were collected and processed as previously
described [22]. Multiple urinary inflammatory markers were si-
multaneously measured by multiplex ELISA using a customized
Magnetic Luminex Screening Assay according to the manufac-
turer’s instructions (R&D Systems, Minneapolis, MN, USA).
We reviewed the previous literature and selected 10 candidate
urinary inflammatory markers: monocyte chemoattractant
protein-1 (MCP-1), regulated on activation, normal T cell
expressed and secreted (RANTES), interferon y-induced pro-
tein-10 (IP-10), C-X-C motif ligand 16 (CXCL16), endostatin,
interleukin-6 (IL-6), tumor necrosis factor-ot (TNF-at), vascular
endothelial growth factor (VEGF), CXCL9 and growth/differ-
entiation factor-15 (GDF-15) [18, 23-27]. Each target cytokine
or chemokine was detected by Luminex 200 (Luminex, Austin,
TX, USA), and its concentration was calculated based on the
standard curves generated from the reference sample. The levels
of these markers were expressed relative to the urine creatinine
concentration (ng/g Cr).

Immunohistochemical staining of CD68, CXCL16 and
endostatin

Detailed immunohistochemistry procedures have been pro-
vided previously [28]. The following primary antibodies were
used for immunohistochemistry experiments: CD68 (catalog
no. MS-397; Thermo Fisher Scientific, Waltham, MA, USA),
CXCL16 (catalog no. ab101404; Abcam, Cambridge, MA, USA)
and endostatin (catalog no. ab3453; Abcam). The number of
macrophages infiltrating the tubulointerstitium was counted in
whole biopsy tissue and expressed as the number of CD68-
positive cells per square millimeter. To quantify CXCL16 and
endostatin expression, the average percentage of positively
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FIGURE 1: An overview of the study design and patient selection. NDRD, nondiabetic renal disease; KNDP, Korea National Diabetes
Program. *Defined as having impaired fasting glucose and/or impaired glucose tolerance.

Table 1. Clinical characteristics and laboratory parameters of 70 patients
with biopsy-proven DKD

Characteristics Values

Age (years) 573+ 114
Sex (male), n (%) 45 (64.3)
BMI (kg/m?) 252+34
Duration of diabetes (years) 114 *+83
Hypertension, n (%) 62 (88.6)
Hemoglobin Alc (%) 7.8+2.0
Hemoglobin (g/dL) 104 *£2.0
eGFR (mL/min/1.73 m?) 36.1 +23.7
Albumin (g/dL) 33+0.7
Total cholesterol (mg/dL) 195.8 = 64.7
Urine PCR (g/g Cr) 7.77 = 6.80
Duration of follow-up (months) 202+ 14.7
Progression to ESRD, # (%) 36 (51.4)

Values are presented as mean * SD unless stated otherwise.
BMI, body mass index.

stained renal tubular cells in five randomly selected corticome-
dullary areas from each section at 400 magnification was cal-
culated in each sample.

Statistical analyses

All statistical analyses were performed with SPSS for
Windows, version 20.0 (IBM, Armonk, NY, USA). Baseline
characteristics and clinical parameters were expressed as the
mean * SD or as the number of patients and percentage.
Analysis of variance and chi-square tests were used to compare
these variables. Urinary inflammatory markers were described
as medians [first and third interquartile ranges (IQRs)] and
compared among the subgroups by the Kruskal-Wallis test for
overall comparisons and the Mann-Whitney test for compari-
sons of each group since these data were nonnormally distrib-
uted. We used Pearson’s correlation analyses to compare

CXCL16 and endostatin in diabetic kidney disease

urinary inflammatory markers, urinary PCR and the rate of de-
cline in eGFR. Kaplan-Meier curves were generated to assess
the probabilities of the renal outcomes according to the various
indicators and the Cox proportional hazards model was used
for further multivariate analysis. The combined scores of
CXCL16 and endostatin were determined by calculating the
predicted probabilities of ESRD progression for each patient us-
ing logistic regression analysis. Patients were then divided into
tertiles according to their values of calculated probability.
Finally, the percentage of positively stained cells was expressed
as the mean =* standard error and compared by the Kruskal-
Wallis and the Mann-Whitney tests. P-values <0.05 were con-
sidered statistically significant.

RESULTS

Baseline clinical characteristics of patients with biopsy-
proven DKD

The baseline demographics of the enrolled patients are
shown in Table 1. The mean age was 57.3 years, 64.3% (45/70)
of the patients were male and the mean duration of diabetes
was 11.4 years. Most patients showed moderate to severe renal
dysfunction, with a mean eGFR of 36.1 mL/min/1.73 m” and a
mean urinary PCR of 7.77 g/g Cr. The mean duration of follow-
up was 20.2months and 36 patients (51.4%) progressed to
ESRD during the follow-up period.

Clinical characteristics of patients with DKD according
to pathologic classification

Next we categorized patients according to the pathologic
classification of DKD. The results of the comparisons of the
clinical demographics across groups are shown in Table 2.
We found that the degree of glomerular injury was not associ-
ated with eGFR (38.5%* 21.7 versus 39.0f24.6 versus
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FIGURE 2: The levels of urinary inflammatory markers in individuals at high risk for diabetes, diabetic patients without albuminuria, those
with biopsy-proven hypertensive nephrosclerosis and those with biopsy-proven DKD. *P < 0.05, **P < 0.01, **P < 0.001. Data are presented
as box-and-whisker plots and the ends of the whiskers represent the 1.5 IQRs of the value. Dots indicate outliers. NS, nephrosclerosis.

30.8 = 23.5 mL/min/1.73 m* for Class II versus Class III versus
Class IV, respectively; P=0.408). In contrast, patients who
exhibited severe IFTA showed significantly lower levels of
eGFR (44.5 + 22.6 versus 30.1 = 22.8 versus 14.3 = 8.1 mL/
min/1.73 m” for an IFTA score of 1 versus 2 versus 3, respec-
tively; P < 0.001). Those with higher interstitial inflammation
scores showed a tendency to have lower eGFR, although the dif-
ference did not reach statistical significance (42.2 * 29.4 versus
38.8 = 23.4 versus 23.4 = 14.7 mL/min/1.73 m* for an intersti-
tial inflammation score of 0 versus 1 versus 2, respectively;
P =0.057). Neither score was correlated with baseline eGFR in
our study.

Intriguingly, urinary PCR was not associated with the degree
of glomerular injury (5.46 =5.12 versus 9.55* 7.98 versus
6.77 = 5.42 for Class II versus Class III versus Class IV, respec-
tively; P=0.114), interstitial inflammation or arteriosclerosis
scores. Patients with a higher degree of IFTA (scores of 2 and 3)
showed more proteinuria than those with a lower grade of
IFTA (scores of 1), but patients with IFT'A scores of 3 showed
lower levels of proteinuria than those with IFTA scores of 2.
Finally, the level of proteinuria was higher in patients with ad-
vanced arterjolar hyalinosis (3.95 * 1.37 versus 8.28 = 5.00 ver-
sus 10.18 * 8.27 for an arteriolar hyalinosis score of 0 versus 1
versus 2, respectively; P = 0.020).

CXCL16 and endostatin in diabetic kidney disease

The levels of urinary inflammatory markers in patients
with DKD according to pathologic classification

The levels of urinary inflammatory markers were compared
across patients with DKD and three independent control
groups (Figure 2). The baseline characteristics of the control
groups are provided in Supplementary data, Table S2. We ob-
served that the levels of eight urinary inflammatory markers,
except CXCL9 and GDF-15, were significantly higher in
patients with DKD than in the individuals at high risk for DM
and diabetic patients without albuminuria. Moreover, these
patients also exhibited elevated levels of most urinary inflam-
matory markers, as compared with nondiabetic patients with
biopsy-proven hypertensive nephrosclerosis, even though the
renal function was similar between the two groups (eGFR
36.1 = 23.7 versus 34.3 = 29.6 mL/min/1.73 m* for DKD versus
hypertensive nephrosclerosis; P = 0.801 by independent t-test).
These results indicate that intrarenal inflammation is a predom-
inant feature of DKD and induced by the combined effects of
the diabetic milieu and decreased renal function. GDF-15 was
excluded from the analysis since its levels were outside the mea-
surable range in >50% of samples (data not shown).

Subsequently we examined the association between the
pathologic classification of DKD and urinary inflammatory
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markers (Table 3). Glomerular classification, arteriolar hyalino-
sis or arteriosclerosis scores were not associated with the level of
any urinary inflammatory marker. In contrast, three urinary in-
flammatory markers—MCP-1, CXCL16 and endostatin—
showed significant correlation with the severity of IFTA
(P=0.003, P=0.001 and P <0.001, respectively). Urinary
endostatin was also elevated in patients exhibiting severe inter-
stitial inflammation (P = 0.034).

Collectively these data suggest that the degree of IFTA
showed a strong correlation with residual renal function in
patients with biopsy-proven advanced DKD, while the glomer-
ular injury scores were not. In addition, the levels of urinary
MCP-1, CXCL16 and endostatin may reflect the severity of
IFTA better than that of interstitial inflammation.

Association between urinary inflammatory markers and
the annual decline in renal function

Next we investigated the association between urinary in-
flammatory markers and the annual decline in renal function,
calculated as the percentage decrease in eGFR from baseline per
year. Correlation analyses revealed that five urinary inflamma-
tory markers, including MCP-1, CXCL16, endostatin, IL-6 and
CXCL9, showed a negative correlation with the rate of decline
in renal function (Table 4). Among these, urinary endostatin
and CXCL16 were the two most strongly correlated inflamma-
tory markers (R=-0.602, P<0.001 and R=-0.520,
P < 0.001, respectively). Urinary PCR was associated with a de-
cline in eGFR, but the correlation coefficient was lower than
those of the abovementioned urinary markers (R= —0.315 and
P =0.045).

Renal survival in patients with advanced DKD
according to the pathologic classification and the levels
of urinary inflammatory markers

Figure 3 shows unadjusted Kaplan-Meier survival curves of
patients according to the pathologic classification and the levels
of urinary inflammatory markers. Renal survival was signifi-
cantly worse in patients with severe IFTA (P =0.002;
Figure 3B) and/or interstitial inflammation (P =0.008;
Figure 3C), presumably as a result of poor residual renal func-
tion. Notably, neither pathologic feature was associated with re-
nal outcome after adjusting for multivariate variables, including
eGFR (Table 5). Other pathologic parameters, including glo-
merular lesions, arteriolar hyalinosis and arteriosclerosis, were
not related to renal survival (Figure 3A, 3D and 3E). We also
found that urinary PCR was not associated with renal outcome
(P=0.515; Figure 3F). Patients with higher levels of urinary
MCP-1 had marginally worse renal outcomes (P =0.064;
Figure 3G). Importantly, higher levels of urinary CXCLI6, uri-
nary endostatin and the combination of urinary CXCL16 and
endostatin were all associated with a higher rate of reaching
ESRD (P<0.001 for all comparisons; Figure 3H-J).
Furthermore, Cox regression analysis revealed that the combi-
nation of urinary CXCL16 and endostatin was an independent
risk factor for ESRD after multivariate adjustment, including
baseline renal function [hazard ratio 1.923 (95% confidence in-
terval 1.070-3.455), P = 0.029; Table 5].

300

Taken together, these results show that the levels of urinary
CXCL16 and endostatin could serve as a predictor of rapid pro-
gression to ESRD in patients with advanced DKD due to their
relevant correlations with the severity of IFTA and the rate of
decline in renal function. On the other hand, glomerular injury
scores and urinary PCR, a traditional indicator of rapid renal
progression, were not associated with the rate of progression to
ESRD in those patients.

Association between macrophage infiltration,
interstitial inflammation and renal survival

Previous studies documented the relationship between tubu-
lointerstitial macrophage infiltration and worse renal outcomes
[29-32]. Therefore we additionally performed immunohisto-
chemical staining of CD68, a marker for macrophages, and the
representative findings are shown in Supplementary data,
Figure S1. In contrast to the normal tissues of patients with re-
nal cell carcinoma, where macrophages were rarely found
(Supplementary data, Figure S1A), tissues obtained from those
with DKD revealed prominent macrophage infiltration in the
tubulointerstitium (Supplementary data, Figure S1B and S1C).
Renal outcomes were inversely correlated with the degree of
macrophage infiltration, although the statistical significance
was not found after multivariate adjustments (Table 5).

Immunohistochemical staining of CXCL16 and
endostatin in renal biopsy tissue

Finally, we performed immunohistochemical staining to
evaluate the expression of CXCL16 and endostatin in renal bi-
opsy tissue. CXCL16 was rarely detected in normal tissues of
patients obtained from renal cell carcinoma (Figure 4A). In
contrast, we observed CXCL16 expression exclusively in nona-
trophic proximal tubular cells in tissues from patients with
DKD (Figure 4B). Endostatin was normally detected in peritub-
ular capillaries but rarely in renal tubular cells (Figure 4C). The
immunoreactivity of endostatin was significantly increased in
tissues from patients with DKD; most atrophic and some nona-
trophic renal tubular cells were positive for endostatin staining
(Figure 4D). Furthermore, the percentage of renal tubular cells
staining for CXCL16 and endostatin was correlated with the de-
gree of the severity of IFTA (P=0.01 and P =0.003, respec-
tively; Figure 4E and F).

DISCUSSION

In this study we extensively analyzed clinicopathologic data and
various urinary inflammatory markers to discover novel bio-
markers that could predict IFTA in patients with advanced
DKD. By recruiting patients whose diagnosis of DKD was con-
firmed by biopsy, we could eliminate the possibility of unre-
vealed nondiabetic renal disease, which is frequently difficult to
exclude based on clinical information [19, 33], and examine the
relationship between various markers and pathological features.
Furthermore, patients enrolled in this study had a unique fea-
ture, in that most showed moderate to severe renal dysfunction
(mean eGER of 36.1 mL/min/1.73 m? Table 1). A considerable
concern is that most predictors of renal progression in DKD
were assessed in patients with early stages of DKD, raising a
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question of whether these markers could still be useful among
those with advanced DKD [12]. By focusing on patients with
only moderate to severe renal dysfunction, we could minimize
unwanted selection bias resulting from variable baseline renal
function.

Our data show that neither the pathologic severity of glo-
merular injury nor the level of proteinuria was correlated with
residual kidney function and renal outcomes, which was an un-
expected finding. Indeed, studies that assessed the clinical rele-
vance of the new pathologic classification of DKD also revealed
conflicting results [8-11, 34-36]. Notably, in a large retrospec-
tive study, patients exhibiting severe diabetic glomerulopathy
were found to have significantly worse renal outcomes [8].
However, the severity of glomerular injury was no longer re-
lated to poor renal outcomes when patients exhibiting glomeru-
lar classification Class I and Ila were excluded from the
outcome analyses [8]. This result is consistent with our findings
in that most patients enrolled in our study also showed glomer-
ular classification Class IIb or higher [68/70 (97.1%)]. In con-
trast to glomerular classification, a relevant correlation between
IFTA scores and residual renal function was found in this study.
Moreover, renal outcome was worse in patients with higher

Table 4. Correlation between urinary inflaimmatory markers and the
annual decline in renal function

Urinary levels

Decline in eGFR (% per year)

R P-value
MCP-1 (logyo, ng/g Cr) —0.496 0.001
RANTES (log;o, ng/g Cr) —0.255 0.108
IP-10 (logyo, ng/g Cr) —0.207 0.194
CXCLI6 (logyo, ng/g Cr) —0.520 <0.001
Endostatin (log;,, ng/g Cr) —0.602 <0.001
IL-6 (log, o, ng/g Cr) —0.476 0.002
TNF-a (logyo, ng/g Cr) —0.281 0.075
VEGEF (logy, ng/g Cr) —0.299 0.057
CXCL9 (log,, ng/g Cr) ~0.351 0.024
Urinary PCR (log;, ng/g Cr) —0.315 0.045

IFTA scores. These findings are in line with previous studies
that showed severe tubulointerstitial fibrosis in patients with
DKD was associated with both low eGFR and a rapid decline in
renal function [8, 11, 35, 37]. Given these results, we concluded
that tubulointerstitial fibrosis, but not glomerular injury, was
the major determinant of renal outcomes in patients with ad-
vanced DKD.

Further urinary multiplex ELISA demonstrated that the lev-
els of urinary MCP-1, CXCL16 and endostatin were correlated
with IFTA scores but not with other pathologic variables, in-
cluding glomerular and vascular injury scores, suggesting the
potential as surrogate markers of chronic renal tubulointersti-
tial fibrosis. Moreover, these urinary inflammatory markers
were also significantly associated with the rate of annual
decline in eGFR, and the combination of urinary CXCL16 and
endostatin remained a predictor of worse renal outcome after
multivariate adjustments, suggesting the independent roles of
these molecules in renal progression. Confirming whether renal
tubular expression of CXCL16 and endostatin demonstrated
by immunohistochemistry implies tubular secretion into
urine or reabsorption from urine was difficult in this study.
Based on previous experimental studies [38-40], we speculate
that urinary CXCL16 and endostatin might be secreted from re-
nal tubular cells and actively participate in tubulointerstitial
injuries.

A number of studies have documented the role of CXCL16
and endostatin in kidney diseases. CXCL16 is a chemokine that
interacts with CXCR6 in immune cells to promote chemotaxis
or cell adhesion [41]. In the kidney, CXCL16 is known to be se-
creted from renal tubular cells [39, 42], and studies suggest that
renal CXCL16 plays an important role in the development of
renal tubulointerstitial inflammation and fibrosis [39, 43, 44].
Elewa et al. [27] also reported that plasma CXCL16 levels were
higher in patients with advanced stages of DKD and/or overt al-
buminuria, suggesting a possible link between the progression
of DKD and CXCL16.

Endostatin is a C-terminal proteolytic fragment of collagen
XVIII that functions as a specific endogenous angiogenesis
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FIGURE 3: Renal survival of patients with biopsy-proven DKD based on different pathologic classifications (A-E) and urinary inflammatory
markers (F-J). Renal survival according to the scores of (A) glomerular lesions, (B) IFTA, (C) interstitial inflammation, (D) arteriolar hyalino-
sis, (E) arteriosclerosis, (F) urine PCR, (G) MCP-1, (H) CXCL16, (I) endostatin and (J) the combination of CXLC16 and endostatin.
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Table 5. Multivariate Cox regression analysis for renal outcome

Categories Univariate Multivariate®
HR (95% CI) P-value HR (95% CI) P-value
Glomerular classification 1.135 (0.736-1.752) 0.566
IFTA 1.734 (1.151-2.612) 0.008 1.403 (0.902-2.182) 0.133
Interstitial inflammation 2.052 (1.168-3.605) 0.012 1.457 (0.824-2.576) 0.195
Arteriolar hyalinosis 1.076 (0.511-2.267) 0.847
Arteriosclerosis 1.282 (0.805-2.044) 0.296
Macrophage infiltration® 2.430 (1.115-5.295) 0.025 2.503 (0.809-7.750) 0.111
Urinary PCR* 1.059 (0.700-1.602) 0.786
MCP-1°¢ 1.462 (0.990-1.599) 0.056
CXCL16° 2.123 (1.369-3.291) 0.001 1.010 (0.542-1.885) 0.974
Endostatin® 2.581 (1.633-4.079) <0.001 1.377 (0.657-2.886) 0.396
CXCL16 + endostatin® 3.058 (1.907-4.903) <0.001 1.923 (1.070-3.455) 0.029
?Adjusted by age, sex, eGFR, the amount of proteinuria and the presence of hypertension.
PHR for each increase in tertile of the density of tubulointerstitial macrophage infiltration.
“HR for each increase in tertile.
HR, hazard ratio; CI, confidence interval.
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FIGURE 4: Representative immunohistochemical staining of CXCL16 and endostatin. Normal tissues obtained from patients with clear cell re-
nal cell carcinoma were selected as controls. (A and B) CXCL16 expression in controls and DKD. (C and D) Endostatin expression in controls
and DKD. (E and F) The percentage of CXCL16 and endostatin-positive renal tubular cells in controls and patients with different IFTA scores.
*P<0.05, **P<0.01, ***P<0.001. Scale bars: (A-D) 50 um, (E and F) data are expressed mean * standard error.

inhibitor, as its name implies [45]. Renal tubular cells are
known to secrete endostatin in response to both proinflamma-
tory and profibrotic stimuli [38, 46] and the overexpression of
endostatin induces tubulointerstitial fibrosis [46]. Several clini-
cal studies have also shown that the levels of circulating endo-
statin were higher [47, 48] and were associated with rapid renal
progression [26, 49] in various CKD populations. Interestingly,
a very recent study revealed that higher levels of plasma endo-
statin were strong predictors of nonrecovery after acute kidney
injury, showing its negative impact on the regenerative capacity
of the kidney [50].

The limitations of this study should be mentioned. The
number of enrolled patients was relatively small, and most

CXCL16 and endostatin in diabetic kidney disease

patients enrolled in our study had advanced kidney disease.
Therefore our results could not be generalized to entire DKD
populations. Whether urinary CXCL16 and endostatin can be
useful markers in early diabetic patients should be elucidated in
further studies. Additionally, we could not obtain data regard-
ing changes in the levels of urinary inflammatory markers over
the clinical course of the patients.

In conclusion, our study demonstrated that urinary CXCL16
and endostatin could reflect the degree of IFTA and serve as
biomarkers of renal outcome in patients with advanced DKD.
We expect that further prospective trials will confirm whether
these urinary markers could guide renal prognosis in clinical
practice.

303

€202 Iudy | uo sesn Bueluey Ateiql Aq 09/1855/562/2/9€/2101e/ApU/WOD dNO"olWepeoE//:Sdiy WOl papeojumoq



SUPPLEMENTARY DATA

Supplementary data are available at ndt online.

FUNDING

This research was supported by a grant from the National
Research Foundation of Korea in 2017 (NRF-2017R1A2B3
007581).

AUTHORS’ CONTRIBUTIONS

Y.H.L. drafted the article and performed the analysis and inter-
pretation of the data. Y.G.K,, J.Y.M.,SWJ,, ].S.K,KH].,, S.Y.L,
DHY., ] TW, SYL, S.C, HY.C, HCP, Y.ILJ, JHP. and
S.W.H. were responsible for analysis and interpretation of the
work. KP.K,, SH.P., D.JK. and S.J.L. performed the pathologic
data analysis and interpretation. S.H.L. was responsible for the
study concept and design and analysis and interpretation of the
data.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Jin DC, Yun SR, Lee SW et al. Current characteristics of dialysis therapy in
Korea: 2016 registry data focusing on diabetic patients. Kidney Res Clin
Pract 2018; 37: 20-29

2. Jiang G, Luk AOY, Tam CHT et al. Progression of diabetic kidney disease
and trajectory of kidney function decline in Chinese patients with type 2 di-
abetes. Kidney Int 2019; 95: 178-187

3. Pavkov ME, Knowler WC, Lemley KV et al. Early renal function decline in
type 2 diabetes. Clin ] Am Soc Nephrol 2012; 7: 78-84

4. Perkins BA, Ficociello LH, Ostrander BE et al. Microalbuminuria and the
risk for early progressive renal function decline in type 1 diabetes. ] Am Soc
Nephrol 2007; 18: 13531361

5. Afkarian M, Zelnick LR, Hall YN et al. Clinical manifestations of kidney dis-
ease among US adults with diabetes, 1988-2014. JAMA 2016; 316: 602-610

6. Roshan B, Stanton RC. A story of microalbuminuria and diabetic nephropa-
thy. ] Nephropathol 2013; 2: 234-240

7. Tervaert TW, Mooyaart AL, Amann K et al. Pathologic classification of dia-
betic nephropathy. ] Am Soc Nephrol 2010; 21: 556-563

8. An Y, Xu F, Le W et al. Renal histologic changes and the outcome in
patients with diabetic nephropathy. Nephrol Dial Transplant 2015; 30:
257-266

9. Hoshino J, Mise K, Ueno T et al. A pathological scoring system to predict re-
nal outcome in diabetic nephropathy. Am J Nephrol 2015; 41: 337-344

10. Oh SW, Kim S, Na KY et al. Clinical implications of pathologic diagnosis
and classification for diabetic nephropathy. Diabetes Res Clin Pract 2012;
97:418-424

11. Okada T, Nagao T, Matsumoto H et al. Histological predictors for renal
prognosis in diabetic nephropathy in diabetes mellitus type 2 patients with
overt proteinuria. Nephrology (Carlton) 2012; 17: 68-75

12. Macisaac RJ, Ekinci EI, Jerums G. Markers of and risk factors for the devel-
opment and progression of diabetic kidney disease. Am J Kidney Dis 2014;
63(Suppl 2): $39-S62

13. Donath MY, Shoelson SE. Type 2 diabetes as an inflammatory disease. Nat
Rev Immunol 2011; 11: 98-107

14. Morcos M, Sayed AA, Bierhaus A et al. Activation of tubular epithelial cells
in diabetic nephropathy. Diabetes 2002; 51: 3532-3544

15. Navarro JF, Mora-Fernandez C. The role of TNF-a in diabetic nephropathy:
pathogenic and therapeutic implications. Cytokine Growth Factor Rev 2006;
17: 441-450

304

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Schmid H, Boucherot A, Yasuda Y et al. Modular activation of nuclear
factor-kB transcriptional programs in human diabetic nephropathy.
Diabetes 2006; 55: 2993-3003

Wada T, Furuichi K, Sakai N et al. Up-regulation of monocyte chemoattrac-
tant protein-1 in tubulointerstitial lesions of human diabetic nephropathy.
Kidney Int 2000; 58: 1492-1499

Wolkow PP, Niewczas MA, Perkins B et al. Association of urinary inflam-
matory markers and renal decline in microalbuminuric type 1 diabetics.
J Am Soc Nephrol 2008; 19: 789-797

Lee YH, Kim KP, Kim YG et al. Clinicopathological features of diabetic and
nondiabetic renal diseases in type 2 diabetic patients with nephrotic-range
proteinuria. Medicine (Baltimore) 2017; 96: e8047

Levey AS, Stevens LA, Schmid CH et al. A new equation to estimate glomer-
ular filtration rate. Ann Intern Med 2009; 150: 604-612

Hill GS. Hypertensive nephrosclerosis. Curr Opin Nephrol Hypertens 2008;
17:266-270

Lee YH, Kim JS, Kim SY et al. Plasma endocan level and prognosis of im-
munoglobulin A nephropathy. Kidney Res Clin Pract 2016; 35: 152-159
Higurashi M, Ohya Y, Joh K ef al. Increased urinary levels of CXCLS5,
CXCL8 and CXCL?9 in patients with type 2 diabetic nephropathy. ] Diabetes
Complications 2009; 23: 178-184

Liu ], Zhao Z, Willcox MD et al. Multiplex bead analysis of urinary cyto-
kines of type 2 diabetic patients with normo- and microalbuminuria.
J Immunoassay Immunochem 2010; 31: 279-289

Adela R, Banerjee SK. GDF-15 as a target and biomarker for diabetes and
cardiovascular diseases: a translational prospective. ] Diabetes Res 2015;
2015: 490842

Carlsson AC, Ostgren CJ, Lanne T et al. The association between endostatin
and kidney disease and mortality in patients with type 2 diabetes. Diabetes
Metab 2016; 42: 351-357

Elewa U, Sanchez-Nino MD, Mahillo-Fernandez I et al. Circulating
CXCL16 in diabetic kidney disease. Kidney Blood Press Res 2016; 41:
663-671

Lee YH, Kim SY, Moon H et al. Endocan as a marker of microvascular in-
flammation in kidney transplant recipients. Sci Rep 2019; 9: 1854

Bergler T, Jung B, Bourier F et al. Infiltration of macrophages correlates
with severity of allograft rejection and outcome in human kidney transplan-
tation. PLoS One 2016; 11: 0156900

Brasen JH, Khalifa A, Schmitz J et al. Macrophage density in early surveil-
lance biopsies predicts future renal transplant function. Kidney Int 2017; 92:
479-489

Dias CB, Malafronte P, Lee J et al. Role of renal expression of CD68 in the
long-term prognosis of proliferative lupus nephritis. J Nephrol 2017; 30:
87-94

Nguyen D, Ping F, Mu W et al. Macrophage accumulation in human pro-
gressive diabetic nephropathy. Nephrology (Carlton) 2006; 11: 226-231
Anders HJ, Huber TB, Isermann B et al. CKD in diabetes: diabetic kidney dis-
ease versus nondiabetic kidney disease. Nat Rev Nephrol 2018; 14: 361-377
Shoji T, Kanda T, Nakamura H et al. Are glomerular lesions alternatives to
microalbuminuria in predicting later progression of diabetic nephropathy?
Clin Nephrol 1996; 45: 367-371

Nosadini R, Velussi M, Brocco E et al. Course of renal function in type 2 di-
abetic patients with abnormalities of albumin excretion rate. Diabetes 2000;
49: 476-484

Christensen PK, Larsen S, Horn T et al. Renal function and structure in al-
buminuric type 2 diabetic patients without retinopathy. Nephrol Dial
Transplant 2001; 16: 2337-2347

Ruggenenti P, Gambara V, Perna A et al. The nephropathy of non-insulin-
dependent diabetes: predictors of outcome relative to diverse patterns of re-
nal injury. ] Am Soc Nephrol 1998; 9: 2336-2343

Maciel TT, Coutinho EL, Soares D et al. Endostatin, an antiangiogenic pro-
tein, is expressed in the unilateral ureteral obstruction mice model.
J Nephrol 2008; 21: 753-760

Izquierdo MC, Sanz AB, Mezzano S et al. TWEAK (tumor necrosis factor-
like weak inducer of apoptosis) activates CXCL16 expression during renal
tubulointerstitial inflammation. Kidney Int 2012; 81: 1098-1107

Hu ZB, Ma KL, Zhang Y et al. Inflammation-activated CXCL16 pathway
contributes to tubulointerstitial injury in mouse diabetic nephropathy. Acta
Pharmacol Sin 2018; 39: 1022-1033

Y.H. Lee et al.

€202 Iudy | uo sesn Bueluey Ateiql Aq 09/1855/562/2/9€/2101e/ApU/WOD dNO"olWepeoE//:Sdiy WOl papeojumoq


https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfz168#supplementary-data

41. Izquierdo MC, Martin-Cleary C, Fernandez-Fernandez B et al. CXCL16 in
kidney and cardiovascular injury. Cytokine Growth Factor Rev 2014; 25:
317-325

42. Schramme A, Abdel-Bakky MS, Gutwein P et al. Characterization of
CXCL16 and ADAMI10 in the normal and transplanted kidney. Kidney Int
2008; 74: 328-338

43. Xia Y, Entman ML, Wang Y. Critical role of CXCLI16 in hypertensive kid-
ney injury and fibrosis. Hypertension 2013; 62: 1129-1137

44. Liang H, Ma Z, Peng H et al. CXCL16 deficiency attenuates renal injury and
fibrosis in salt-sensitive hypertension. Sci Rep 2016; 6: 28715

45. Fu Y, Tang H, Huang Y et al. Unraveling the mysteries of endostatin.
IUBMB Life 2009; 61: 613-626

46. Lin CH, Chen J, Zhang Z et al. Endostatin and transglutaminase 2 are in-
volved in fibrosis of the aging kidney. Kidney Int 2016; 89: 1281-1292

47. Chen J, Hamm LL, Kleinpeter MA et al. Elevated plasma levels of
endostatin are associated with chronic kidney disease. Am J Nephrol 2012;
35:335-340

48. Kato Y, Furusyo N, Tanaka Y et al. Association of the serum endostatin
level, renal function, and carotid atherosclerosis of healthy residents of
Japan: results from the Kyushu and Okinawa Population Study (KOPS).
J Atheroscler Thromb 2018; 25: 829-835

49. Gurlek Demirci B, Sezer S, Uyanik Yildirim S et al. FGF23, NGAL, and
endostatin: the predictors of allograft function in renal transplant recipients.
Exp Clin Transplant 2018; 16(Suppl 1): 136-139

50. Jia HM, Zheng Y, Huang LF et al. Derivation and validation of plasma
endostatin for predicting renal recovery from acute kidney injury: a pro-
spective validation study. Crit Care 2018; 22: 305

Received: 21.2.2019; Editorial decision: 19.7.2019

Nephrol Dial Transplant (2021) 36: 305-329
doi: 10.1093/ndt/gfz173
Advance Access publication 18 November 2019

Targeted broad-based genetic testing by next-generation
sequencing informs diagnosis and facilitates management

in patients with kidney diseases

M. Adela Mansilla', Ramakrishna R. Sompallae’, Carla J. Nishimura', Anne E. Kwitek?, Mycah J. Kimble',
Margaret E. Freese’, Colleen A. Campbell', Richard J. Smith"** and Christie P. Thomas™**

"Towa Institute of Human Genetics, University of lowa, Iowa City, IA, USA, *Physiology, Medical College of Wisconsin, lowa City, IA, USA,
*Internal Medicine, University of lowa, lowa City, IA, USA, *Pediatrics, University of lowa, Iowa City, IA, USA and *Veterans Affairs Medical

Center, Iowa City, IA, USA

Correspondence and offprint requests to: Richard J. Smith; E-mail: Richard-smith@uiowa.edu, Christie P. Thomas;

E-mail: Christie-thomas@uiowa.edu

ABSTRACT

Background. The clinical diagnosis of genetic renal diseases
may be limited by the overlapping spectrum of manifestations
between diseases or by the advancement of disease where clues
to the original process are absent. The objective of this study
was to determine whether genetic testing informs diagnosis and
facilitates management of kidney disease patients.

Methods. We developed a comprehensive genetic testing panel
(KidneySeq) to evaluate patients with various phenotypes in-
cluding cystic diseases, congenital anomalies of the kidney and
urinary tract (CAKUT), tubulointerstitial diseases, transport
disorders and glomerular diseases. We evaluated this panel in
127 consecutive patients ranging in age from newborns to
81 years who had samples sent in for genetic testing.

Results. The performance of the sequencing pipeline for
single-nucleotide variants was validated using CEPH (Centre

© The Author(s) 2019. Published by Oxford University Press on behalf of ERA-EDTA.

de’Etude du Polymorphism) controls and for indels using
Genome-in-a-Bottle. To test the reliability of the copy num-
ber variant (CNV) analysis, positive samples were re-
sequenced and analyzed. For patient samples, a multidiscipli-
nary review board interpreted genetic results in the context
of clinical data. A genetic diagnosis was made in 54 (43%)
patients and ranged from 54% for CAKUT, 53% for ciliopa-
thies/tubulointerstitial diseases, 45% for transport disorders
to 33% for glomerulopathies. Pathogenic and likely patho-
genic variants included 46% missense, 11% nonsense, 6%
splice site variants, 23% insertion-deletions and 14% CNVs.
In 13 cases, the genetic result changed the clinical diagnosis.
Conclusion. Broad genetic testing should be considered in the
evaluation of renal patients as it complements other tests and
provides insight into the underlying disease and its management.
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