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Lupus nephritis (LN) is one of the most serious complications in patients with systemic lupus
erythematosus (SLE). At present, there is no specific biomarker with high sensitivity and renal
pathology involvement in use in clinical practice. Periostin is an extracellular matrix protein
involved in kidney development and kidney injury. We performed immunohistochemical ana-
lysis for periostin and routine staining of 42 kidney tissues from LN patients compared with
controlled kidney tissues. Activity index, chronicity index and periostin staining were evalu-
ated and scored by a renal pathologist. Periglomerular staining of periostin was the most
predominant finding. Positive periostin staining was also observed in areas with fibrosis
such as sclerosed glomeruli, interstitial fibrosis and fibrous vessels. Moreover, the tubules
seemed to be the main location for periostin staining. There was a statistically different
level of periostin staining score between patient and control tissues. Periostin staining score
also correlated with the chronicity index score of renal pathology (r¼ 0.594, p< 0.001).
Periostin was also correlated with worsening renal outcomes including serum creatinine,
blood urea nitrogen and estimated glomerular filtration rate (eGFR). Subgroup analysis
within patients with low activity index score or low chronicity index score found that there
was a statistical difference in serum creatinine and eGFR between groups with low and high
periostin staining scores. We concluded that periostin staining score correlated with chronicity
index score and renal function in patients with lupus nephritis. Lupus (2015) 0, 1–11.

Key words: Periostin; lupus nephritis; activity index; chronicity index; renal function

Introduction

Lupus nephritis (LN) is one of the most serious
complications in patients with systemic lupus ery-
thematosus (SLE). Immune complex deposition
was found to be the main cause of LN development
by activating the immune pathway and releasing
cytokines, chemokines and growth factors that are
involved in kidney inflammation.1 Renal fibrosis
was the final common pathway found to contribute
to chronic inflammation of injured kidneys, as
shown by the accumulation of extracellular matrix
components, leading to the destruction of normal

architecture, loss of kidney function and final pro-
gression to end-stage renal failure.2 In clinical prac-
tice, abnormalities of urinalysis and impairment of
renal function are the most common measurements
of LN patients prior to definite diagnosis with renal
biopsy.3 However, there are some limitations from
low sensitivity for the detection of early fibrotic
stages and the fact that it does not represent the
position and severity of abnormal renal pathology
and progression of renal fibrosis.4–6 This leads to a
delay of diagnosis and initiation of treatment,
which are important risk factors of end-stage
renal failure.7 Therefore, searching for novel bio-
markers which can indicate injured kidney tissue
should firstly be considered.

Periostin, osteoblast specific factor 2, is an extra-
cellular matrix protein that was first expressed in
bone and weakly expressed in the lung. It has not
been detected in any other main organs, including
the kidney.8 Periostin also plays a role in the fibro-
sis process and tissue remodeling, or co-expression
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with other extracellular matrix proteins.9–13 In the
kidney, periostin is induced during nephrogenesis
and plays a role in kidney development.14,15 In
studies of kidney injury, periostin expression
was found to be increased in animal models with
nephrectomy, ureteral obstruction, diabetic
nephropathy and hypertensive nephropathy
compared with the control groups.16,17 Periostin
staining was also detected in kidney tissues.
Interestingly, increased periostin expression and
urine periostin levels were reported over time
after kidney injury.16 Moreover, periostin expres-
sion seems to be related to treatment response.17

In human studies, the induction of periostin expres-
sion was seen in different proteinuric glomerulopa-
thies compared with living donors, and urine
periostin was also detected in chronic kidney dis-
ease patients and patients with chronic allograft
nephropathy.16,18,19 The results from these studies
show that periostin may be used as a biomarker for
kidney injury. However, the study of periostin in
the setting of LN with chronic progressive kidney
injury and fibrosis is scant. The objective of the
present study was to examine the correlation of
periostin and renal pathology in patients with
LN, which is the most prevalent cause of secondary
glomerulonephritis,20 and identify any correlations
with other clinical variables to identify those factors
that can be related to periostin.

Material and methods

Human kidney tissues

The study was approved by the institutional
review boards and ethics review committees of
the Royal Thai Army Medical Department,
Phramongkutklao Hospital and College of
Medicine, Bangkok, Thailand (no. 1168/2556).
This study was performed from April 2013 to
March 2014 at Phramongkutklao Hospital,
Bangkok, Thailand. The patients included in this
study had to have been diagnosed with LN, be
aged over 18 years, and at least three glomeruli
should have been obtained at biopsy. Patients
with urinary tract obstruction, urinary tract infec-
tion, kidney transplant, cancer diseases, asthma,
advanced heart disease, pregnancy and lactation
were excluded from this study. Informed consent
was obtained from all patients who participated
in this study. Kidney tissues were collected at the
time of biopsy. Normal kidney tissue sections from
renal cell carcinoma patients were used as control
tissues, which were confirmed by a renal

pathologist as containing no contamination of
tumor cells. Three-micrometer-thick series sections
of paraffin-embedded kidneys were stained with
hematoxylin and eosin (H&E), Masson’s trichrome
solution and immunohistochemistry of periostin,
which were thereafter scanned with a Pannoramic
MIDI Slide Scanner (3DHISTECH, Hungary) for
the further evaluation of histology.

Immunohistochemistry for periostin

Immunohistochemistry for periostin was per-
formed by using the Bench Mark XT automated
slide preparation system (Ventana, USA). Three-
micrometer-thick sections of paraffin-embedded
kidneys were de-paraffinized and rehydrated. The
antigens were retrieved by Protease 2 (Ventana,
USA). The primary rabbit polyclonal antibody to
periostin (Abcam, Cambridge, UK) was added at a
dilution of 1:1000 and incubated for 32 minutes.
Horseradish peroxidase was used as a secondary
antibody. Reactivity was detected using diamino-
benzidine (DAB) reagent. The tissues were then
counterstained with modified Mayer’s hematoxylin.
Positive staining was detected as a brown color-
ation area within the tissue. For internal controls,
the uterus and ovary were used as positive and
negative controls, respectively.

Renal histology evaluation

Activity index score
The histologic features in each specimen were eval-
uated by a renal pathologist. Activity index was
assessed from six histologic parameters including
glomerular cell proliferation, fibrinoid necrosis or
karyorrhexis, cellular crescents, hyaline thrombi or
wire loop, glomerular leukocyte infiltration and
interstitial inflammation. Scores were graded as a
percentage of affected area as follows: 0 (absent), 1
(less than 25% of glomeruli affected), 2 (25% to
50% of glomeruli affected), or 3 (more than 50%
glomeruli affected); except for hyaline thrombi or
wire loop, glomerular leukocyte infiltration and
interstitial inflammation were graded as 0
(absent), 1 (mild), 2 (moderate), or 3 (extensive).
Fibrinoid necrosis or karyorrhexis and cellular
crescents were given double weighting. Activity
index scores were calculated from the summation
of individual scores. The range of activity index
score was 0 to 24, with higher scores representing
higher activity.21

Chronicity index score
Chronicity index was assessed from four histologic
parameters. Glomerular sclerosis and fibrous

Periostin: a novel tissue biomarker correlates with chronicity index and renal function in LN patients
P Wantanasiri et al.

2

Lupus

 at Hoffmann-La Roche on February 3, 2015lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


XML Template (2015) [12.1.2015–6:03pm] [1–11]
//blrnas3.glyph.com/cenpro/ApplicationFiles/Journals/SAGE/3B2/LUPJ/Vol00000/140278/APPFile/SG-LUPJ140278.3d (LUP) [PREPRINTER stage]

crescents were graded as 0 (absent), 1 (less than 25%
of glomeruli affected), 2 (25% to 50% of glomeruli
affected), or 3 (more than 50% glomeruli affected).
Interstitial fibrosis and tubular atrophy were graded
as 0 (absent), 1 (mild), 2 (moderate), or 3 (extensive).
Chronicity index scores were calculated from the
summation of individual scores. The range of chron-
icity index score was 0 to 12, with higher scores rep-
resenting higher chronicity.21 A percentage of each
parameter of activity index and chronicity index was
calculated using standard methods.

Periostin staining score
The periostin staining was evaluated from a brown
area of coloration within the glomerular, intersti-
tial, tubular and vascular tissue. The following
histologic features were recorded: periglomerular
staining, mesangial staining, fibrocellular crescent,
fibrous crescent, segmental sclerosis, global scler-
osis, interstitial fibrosis, vascular fibrosis, tubular
epithelial cell staining, tubular atrophy and tubular
cell cast. Periostin-positive scores were graded from
0 to 5 as a percentage of positive area as 0 (absent),
1 (1% of positive area), 2 (2% to 10% of positive
area), 3 (11% to 33% of positive area), 4 (34% to
66% of positive area), or 5 (67% to 100% positive
area).22 For each feature, intensity was graded from
0 to 3þ and then multiplied by periostin-positive
scores as total score for each pathology type. Total
periostin staining scores were calculated from the
summation of all individual feature scores. The
range of periostin staining scores was 0 to 150,
with higher scores representing higher periostin
staining. A percentage and total score for each
histologic feature of periostin staining was calcu-
lated using equations (1) and (2) as follows:

Percentage of each pathology ¼
a

b
� 100 ð1Þ

a¼Number of affected glomeruli or areas
b¼Total number of obtained glomeruli or total
area

Total score of each pathology ¼ c� d ð2Þ

c¼ Score of each pathology type
d¼ Intensity

Statistical analysis

Statistical analysis was performed using SPSS,
version 18.0. Experimental data are given as
mean� SD or median with interquartile ranges
depending on normality test. The Mann-Whitney
rank-sum test was used for comparing two groups

of samples. Spearman correlation coefficients were
used as appropriate to test correlations between peri-
ostin staining score and other variables. P values
<0.05 were considered statistically significant.

Results

Clinical characteristics data

A total of 42 patients were included in this study.
Normal sections of kidney tissues were obtained
from five patients with renal cell carcinoma as con-
trolled tissues. Most of the patients were female with
a mean age of 33.76� 10.11 years. The mean body
mass index was within the normal range. About
81% of patients had systemic symptoms of SLE.
Other comorbid diseases included hypertension, dia-
betes mellitus and dyslipidemia. Patients were clas-
sified into six levels according to the International
Society of Nephrology/Renal Pathology Society
(ISN/RPS) classification.23 Most patients were clas-
sified into class IV, which is defined as any lesion or
scar involving 50% or more of the glomeruli. Co-
classification with class V was found in eight
patients. Renal parameters, including increasing
serum creatinine (SCr), blood urea nitrogen
(BUN), and urine protein to creatinine ratio
(UPCR) and lowering of the estimated glomerular
filtration rate (eGFR), are shown in Table 1.

Renal pathology in kidney tissues

Kidney biopsies were histologically analyzed by a
renal pathologist. The activity index and chronicity
index were determined from H&E and Masson’s tri-
chrome staining. Glomerular cell proliferation and
wire loop were the most common findings of activity
index from LN patients, representing 86% and 55%
of samples with median score 2 and 1, respectively.
Other pathologies observed from samples were
glomerular leukocyte infiltration (29%), cellular
crescent (21%), interstitial inflammation (14%)
and fibrinoid necrosis or karyorrhexis (5%). The
median score of activity index was 3.5 (1.75, 7)
(Table 1). For chronicity index, interstitial fibrosis
and tubular atrophy were the most common histo-
logic features, found in 62% of samples. Glomerular
sclerosis and fibrous crescent were also found in
45% and 24% of samples, respectively. Median
score of chronicity index was 2 (0, 4) (Table 1).

Localization of periostin in kidney tissues

Periostin staining was not detected in glomeruli,
interstitial area, tubules and normal vessels from
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normal controlled kidney tissues (Figure 1(c)). On
the contrary, periglomerular staining of periostin
was observed in 57% of kidney tissues from LN
patients with a median periostin score of 3 (0, 8)
(Figure 1(f)). Positive staining of periostin was also

found in areas with fibrosis including sclerosed glo-
meruli (38%), interstitial fibrosis areas (48%) and
fibrous vessels (31%), all of which were confirmed
by Masson’s trichrome staining (Figure 1(d) to (i)).
Interestingly, we observed that most samples

Table 1 Clinical characteristics data and renal pathology

Characteristics Mean�SD Median (Q1, Q3)
Controls (n¼ 5) LN patients (n¼ 42)

Female/Male 2/3 36/6

Age (years) 68.20� 9.28 33.76� 10.11

Body weight (kg) 64.02� 14.99 56.52� 11.47

Height (cm) 164.60� 8.62 159.31� 9.43

Body mass index (kg/m2) 23.58� 4.91 22.19� 3.84

Comorbid diseases (n)

SLE 34 (81%)

Hypertension 4 (80%) 13 (31%)

Diabetes mellitus 2 (40%) 2 (5%)

Dyslipidemia 2 (40%) 6 (14%)

Systolic blood pressure (mmHg) 127.20� 4.97 138.71� 19.66

Diastolic blood pressure (mmHg) 72.20� 7.05 85.60� 14.84

ISN/RPS class (n)

I 0 (0%)

II 3 (7%)

III 10 (24%)

IV 19 (45%)

V 2 (5%)

VI 0 (0%)

Mix classification

IIIþV 2 (5%)

IVþV 6 (14%)

Laboratory parameters

Complement component 3 (C3) (g/l) 0.71� 0.32

0.7 (0.5, 0.9)

Complement component 4 (C4) (g/l) 0.18� 0.11

0.1 (0.1, 0.3)

Anti-dsDNA (IU/ml) 139.5 (47, 660)

Positive anti-dsDNA (n) 27 (64%)

Renal parameters

Serum creatinine (mg/dl) 1.16� 0.34 1.14� 0.82

Blood urea nitrogen (mg/dl) 12.20� 3.49 29.25� 23.84

Serum albumin (g/dl) 4.36� 0.54 2.98� 0.62

Urine protein to creatinine ratio – 3.51� 2.43

eGFR (ml/min/1.73m2) 61.75� 17.66 87.32� 36.98

Renal pathology in LN patients (n¼ 42) Na (%) Median scoreb (Q1, Q3)

Activity index

Glomerular cell proliferation 36 (86) 2.00 (1, 3)

Fibrinoid necrosis or karyorrhexis 2 (5) 0 (0, 0)

Cellular crescents 9 (21) 0 (0, 0)

Hyaline thrombi or wire loop 23 (55) 1.00 (0, 2)

Glomerular leukocyte infiltration 12 (29) 0 (0, 1)

Interstitial inflammation 6 (14) 0 (0, 0)

Total activity index score 3.5 (1.75, 7)

Chronicity index

Glomerular sclerosis 19 (45) 0 (0, 1)

Fibrous crescents 10 (24) 0 (0, 0.25)

Interstitial fibrosis 26 (62) 1 (0, 1)

Tubular atrophy 26 (62) 1 (0, 1)

Total chronicity index score 2 (0, 4)

LN: lupus nephritis; SLE: systemic lupus erythematosus; ISN/RPS: International Society of Nephrology/Renal Pathology Society; Anti-dsDNA:

anti-double-stranded DNA antibody; eGFR: estimated glomerular filtration rate. aNumber of patients with abnormal histological features. bScore

of each abnormal histological feature calculated by standard method.
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Figure 1 Hematoxylin and eosin (H&E), Masson’s trichrome staining and immunohistochemistry for periostin in kidney tissues
from controls ((a) to (c)) and lupus nephritis patients ((d) to (l)). No detection of periostin from controlled kidney tissue with
normal pathology ((a) to (c)). There was periglomerular and tubulointerstitial staining in kidney tissue from lupus nephritis patients
((d) to (f)). Periostin staining was detected in interstitial fibrosis area and fibrous artery ((g) to (i)). There also was periostin staining
in tubular epithelial cell, tubular atrophy and tubular cell cast in the tubular lumina ((j) to (l)). (Original magnification: �100)
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stained positive for periostin in tubular epithelial
cells (76%), tubular atrophy (43%) and tubular
cell cast (57%), with median periostin scores of 4
(1.5, 5.5), 0 (0, 3) and 3 (0, 5), respectively
(Figure 1(j) to (l)). The overall median periostin
score from 42 LN patients was 19.75 (8.38, 30.5),
which was statistically different from control tissues
(p¼ 0.001) (Table 2).

Periostin and renal pathology

To determine the correlation of periostin staining
and renal pathology, we performed a correlation
between activity index score or chronicity index
score and periostin staining score. There was a stat-
istical correlation between chronicity index score
and periostin staining score (r¼ 0.594, p< 0.001).
Concerning sclerotic/fibrotic lesions within glom-
erular and tubulointerstitial areas, which are the
main characteristics for chronicity index, we
found a positive correlation between the score of
sclerotic/fibrotic area and periostin staining in
kidney tissues with segmental sclerosis (r¼ 0.711,
p< 0.001), global sclerosis (r¼ 0.671, p< 0.001),
interstitial fibrosis (r¼ 0.518, p< 0.001) and also
in tubular atrophy (r¼ 0.605, p< 0.001). No correl-
ation was observed between activity index score
and periostin staining score (r¼ 0.228, p¼ 0.146)
(Table 3).

Periostin correlated with renal parameters

Besides renal pathology, we also performed the
correlation between periostin staining score and
other variables (Table 3). Periostin staining score
correlated with increased SCr (r¼ 0.433,
p¼ 0.004) (Figure 2(a)), elevated BUN (r¼ 0.307,

p¼ 0.048) (Figure 2(b)) and decreased GFR
(r¼�0.447, p¼ 0.003) (Figure 2(c)).

Potential periostin staining in low activity and
chronicity index

Subgroup analysis was further performed to deter-
mine the role of periostin as a biomarker of kidney
disease in LN patients with low activity index

Table 2 Periostin staining score

Periostin staining

Patients (n¼ 42)

Na (%) %b Median (Q1, Q3) Total scorec Median (Q1, Q3)

Periglomerular staining 24 (57) 13.39 (0, 34.38) 3 (0, 8)

Mesangial staining 9 (21) 0 (0, 0) 0 (0, 0)

Fibrocellular crescent staining 6 (14) 0 (0, 0) 0 (0, 0)

Fibrous crescent staining 1 (2) 0 (0, 0) 0 (0, 0)

Segmental sclerosis staining 7 (17) 0 (0, 0) 0 (0, 0)

Global sclerosis staining 9 (21) 0 (0, 0) 0 (0, 0)

Interstitial fibrosis staining 20 (48) 0 (0, 5.63) 0 (0, 4.5)

Vascular fibrosis staining 13 (31) 0 (0, 13.75) 0 (0, 3.25)

Tubular epithelial cell staining 32 (76) 55 (7.5, 100) 4 (1.5, 5.5)

Tubular atrophy staining 18 (43) 0 (0, 10) 0 (0, 3)

Tubular cell cast staining 24 (57) 25 (0, 100) 3 (0, 5)

Total periostin staining score 19.75 (8.38, 30.5)

aNumber of patients with abnormal histological features positive for periostin. bPercentage of each abnormal histological feature positive for

periostin follows equation (1). cTotal score of each abnormal histological feature positive for periostin follows equation (2).

Table 3 Correlation between renal pathology and clinical
parameters with periostin staining score

Renal histology Correlation p value

Activity index score 0.228 0.146

Chronicity index score 0.594 <0.001

Segmental sclerosis 0.711 <0.001

Global sclerosis 0.671 <0.001

Fibrous crescent 0.270 0.084

Interstitial fibrosis 0.518 <0.001

Tubular atrophy 0.605 <0.001

Variables

Age (year) 0.070 0.660

Bodyweight (kg) �0.081 0.610

Body mass index (kg/m2) �0.035 0.827

Systolic blood pressure (mmHg) 0.065 0.683

Diastolic blood pressure (mmHg) 0.099 0.531

C3 (g/l) 0.092 0.594

C4 (g/l) �0.035 0.843

Anti-dsDNA (IU/ml) �0.065 0.758

Serum creatinine (mg/dl) 0.433 0.004

Blood urea nitrogen (mg/dl) 0.307 0.048

Serum albumin (g/dl) �0.211 0.180

Urine protein to creatinine ratio 0.147 0.354

eGFR (ml/min/1.73 m2) �0.447 0.003

C3: complement component 3; C4: complement component 4; Anti-

dsDNA: anti-double-stranded DNA antibody; eGFR: estimated

glomerular filtration rate.
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scores or low chronicity index scores. Patients with
low activity index scores or low chronicity index
scores were separated thereafter into two groups
according to the median periostin staining score
value. All clinical parameters for the two groups
are shown in Table 4. Among the patients with
low activity index score, which refers to low
active disease, the worsening of renal functions
including high SCr, BUN and low eGFR were
reported in patients with high periostin staining
score with significantly different statistical results
compared to patients with low periostin staining
scores. The same results were also observed in
patients with low chronicity index scores, which
refer to low chronic kidney injury. There were
statistically significant differences in SCr and
GFR between high and low periostin staining

scores, suggesting the favorable role of periostin
staining for the prognosis of kidney disease pro-
gression, especially in lupus patients with low
active disease or low chronic disease.

Discussion

Clinical features of LN are proteinuria, nephrotic
syndrome, granular casts, microscopic hematuria
and renal function reduction. However, renal
biopsy is still an essential procedure for the defini-
tive evaluation of LN. Histological findings from
glomeruli, interstitium and tubules in kidney
tissue are major sources for the classification of
LN types. We investigated the role of periostin in
renal pathology in patients with LN, so that the

Figure 2 Periostin correlated with renal functions. The results from lupus nephritis patients (n¼ 42) showed a statistically sig-
nificant correlation between periostin staining score and SCr (a), BUN (b) and eGFR (c): SCr: serum creatinine; BUN: blood urea
nitrogen; eGFR: estimated glomerular filtration rate
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sclerosed glomeruli from age-related injury were
excluded. Based on this condition, a mild activity
index score (median score¼ 3.5) and chronicity
index score (median score¼ 2) were observed in
the patient group.

Periostin is an extracellular matrix protein which
was first expressed in bone; it has not been detected
in other tissues, including the kidney.8 To date,
many studies have revealed that periostin can be
found following kidney injury after 5/6 nephrec-
tomy, diabetes nephropathy and ureteral obstruc-
tion.16 In our study, we performed the quantitative
analysis of periostin in kidney tissues from LN
patients. The percentage and intensity of periostin
staining in affected areas were considered. There
was a statistically significant difference in total peri-
ostin staining score in LN patients compared with
controls. Periglomerular staining was noted in
more than half of patients with different intensities
from 1 to 3. Interstitial and tubular regions were
the main locations for periostin expression.
Considering tubular periostin staining, immunohis-
tochemistry indicated that periostin was within
tubular epithelial cells, tubular atrophy and tubular
cell casts within the tubular lumen. Consistent with
our findings, tubular periostin staining was also
detected in an animal model with different causes
of kidney injury. In addition, the strong and more

diffuse expression of periostin was observed over
time following injury, suggesting that periostin
may be involved in chronic kidney injury.16 Based
on our knowledge, this is the first study to test the
hypothesis that periostin staining is correlated with
renal pathology and worsening renal function in
LN patients. We investigated the correlation
between activity index score or chronicity index
score and periostin staining score in LN patients.
The results showed that periostin staining score
correlated with chronicity index score, especially
in areas with glomerular sclerosis, interstitial fibro-
sis and tubular atrophy, which were the main char-
acteristics involved in kidney disease progression.24

Renal fibrosis is the final common pathway for
many kidney diseases, and leads to chronic progres-
sive renal failure. Epithelial-mesenchymal transi-
tion (EMT) was considered to be involved in the
pathogenesis of renal interstitial fibrosis driven by
transforming growth factor beta (TGF-b), a main
mediator that is mostly produced from monocytes
infiltrated during the inflammatory process. EMT is
a stepwise process initiated by the loss of tubular
epithelial cell-cell adhesion properties followed by
the transition of epithelial cells to myofibroblasts
and migration into interstitial areas through tubu-
lar basement membrane disruption.25

Disappearance of tight junction proteins was

Table 4 Clinical characteristics of patients with low activity index score or low chronicity index score

Variables

Low activity index score (n¼ 37) Low chronicity index score (n¼ 34)

Median (Q1, Q3)

p value

Median (Q1, Q3)

p value
Low periostin
score (n¼ 17)

High periostin
score (n¼ 20)

Low periostin
score (n¼ 18)

High periostin
score (n¼ 16)

Age (year) 33 (26, 40) 37 (25, 44) 0.437 32 (24,40) 27 (25, 41) 0.863

Bodyweight (kg) 57 (51, 61) 53 (44, 63) 0.446 58 (51,62) 56 (44, 62) 0.317

Height (m) 160 (154, 165) 158 (155, 162) 0.444 161 (154, 165) 158 (155, 161) 0.290

Body mass
index (kg/m2)

22.04 (20.45, 23.05) 21.76 (17.42, 25.39) 0.512 22.23 (20.55, 24.8) 22.13 (17.42, 24.86) 0.479

Systolic blood
pressure (mmHg)

127 (114, 148) 145 (128, 152) 0.131 128 (114, 152) 142 (128, 151) 0.269

Diastolic blood
pressure (mmHg)

80 (71, 91) 89 (80, 100) 0.156 79 (71, 94) 89 (79, 96) 0.333

C3 (g/l) 0.7 (0.6, 1.1) 0.7 (0.5, 0.9) 0.467 0.7 (0.4, 1.0) 0.6 (0.5, 0.8) 0.809

C4 (g/l) 0.2 (0.1, 0.3) 0.1 (0.1, 0.3) 0.408 0.2 (0.1, 0.2) 0.1 (0.1, 0.2) 0.557

Anti-dsDNA
(IU/ml)

86.5 (37.3, 139.5) 418 (56.7, 614) 0.442 98.3 (37.3, 555) 483 (56.7, 707) 0.496

SCr (mg/dl) 0.7 (0.7, 0.8) 0.9 (0.8, 1.4) 0.011 0.7 (0.7, 0.8) 0.9 (0.7, 1.1) 0.038

BUN (mg/dl) 15.6 (11.8, 22.5) 26.4 (15.8, 36.4) 0.046 15.7 (11.8, 22.5) 23.0 (13.7, 44.1) 0.152

Serum albumin
(g/dl)

3.3 (2.7, 3.5) 3 (2.5, 3.4) 0.352 3.3 (2.7, 3.5) 2.9 (2.6, 3.3) 0.166

UPCR 1.74 (1.22, 4.28) 3.52 (2.37, 4.45) 0.190 1.97 (1.22, 4.28) 3.77 (2.66, 5.68) 0.112

eGFR (ml/min/1.73 m2) 111.82 (97.18, 123.38) 81.35 (49.89, 102.74) 0.008 113.82 (97.18, 123.38) 88.85 (65.15, 115.24) 0.024

C3: complement component 3; C4: complement component 4; Anti-dsDNA: anti-double-stranded DNA antibody; SCr: serum creatinine; BUN:

blood urea nitrogen; UPCR: urine protein to creatinine ratio; eGFR: estimated glomerular filtration rate.
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detected in animals with injured kidneys, similar to
the co-localization of periostin and markers of epi-
thelium undergoing mesenchymal transition.16

Myofibroblasts were responsible for the excess
extracellular matrixes deposition characterized by
mesenchymal feature expressions such as alpha-
smooth muscle actin (a-SMA) and vimentin. In
LN patients, the correlation between a-SMA in
the tubulointerstitial area and chronicity index
was observed, especially among patients with class
IV LN. In addition, the higher score of a-SMA in
the tubulointerstitial area was detected in patients
with a higher chronicity index with a statistically
significant difference.26,27 Bob et al. showed that
TGF-b, a-SMA and vimentin immunostaining
also correlated with chronicity index in chronic
glomerulonephritis. Considering the sclerotic/
fibrotic area, there was a moderate correlation
between the area with interstitial fibrosis, tubular
atrophy or vascular hyalinosis/sclerosis and
immunolabeling of TGF-b and vimentin.28 In
our study, we also found a correlation between
periostin staining score and chronicity index,
especially in areas with fibrosis, including glom-
erular and interstitial regions and areas of tubu-
lar atrophy, suggesting the role of periostin in
the process of chronic kidney injury. Supporting
this assumption, a clear proximity of periostin
and a-SMA was observed both in glomeruli
and tubulointerstitium. Moreover, a dose-depen-
dent induction of periostin messenger RNA
(mRNA) by TGF-b was reported. There was a
positive correlation between TGF-b and periostin
mRNA expression both in glomeruli and tubu-
lointerstitium compartments in patients with dif-
ferent nephropathies.18 In human disease, chronic
allograft nephropathy was an appropriate condi-
tion because EMT was the main process develop-
ing disease progression after transplantation.29

There was strong periostin staining in regions
presenting glomerulosclerosis, interstitial fibrosis,
tubular atrophy and several tubular epithelial
cells at the sites of interstitial inflammation or
fibrosis.17,19 Additionally, co-localization with
mesenchymal markers was also observed.17

Another critical cytokine that may induce peri-
ostin expression is interleukin 13 (IL-13). It is a T
helper type 2 (Th2) cytokine responsible for driving
fibrosis progression. In our study, we found the
correlation between periostin staining score and
chronicity index, which is characterized by fibrosis
area in kidney tissue from LN patients. The possi-
bility of these findings may be activated by IL-13.
The results from previous studies shown that serum
levels of IL-13 in patients with SLE was increased

significantly compared with controls.30,31

Interestingly, most SLE patients with the high
levels of Th2-related cytokines including IL-13
had nephritis, suggesting the relationship to Th2-
related cytokines and nephropathy.31 In LN
patients, the level of plasma IL-13 and IL-13
mRNA expression in peripheral blood mono-
nuclear cells was more significantly increased in
active LN patients than controls. The same result
was also reported for the IL-13 mRNA expression
in kidney tissues, especially in the moderate tubu-
lointerstitial lesion. In addition, there was positive
correlation between IL-13 mRNA expression in the
tubulointerstitial area and other lupus activity par-
ameters including SCr, glomerular activity index,
tubulointerstitium activity index and serum C3.
These results suggested a role of IL-13 in kidney
tissue injury both in the glomerular and tubuloin-
terstitial area.32 In our study, chronic activation of
IL-13 may be one of the possible pathways for
inducing periostin expression in kidney tissue.
Supporting this hypothesis, an in vitro study of pri-
mary fibroblasts from the human esophagus found
that there was the increment of periostin expression
after induced by IL-13 as a dose-dependent ten-
dency. In addition, there was a moderate induction
of periostin expression in primary esophageal epi-
thelial cells treated with IL-13.33 The same results
were also observed from human airway epithelial
cells.34 Taking these results together, periostin
appears to be one of many mediators and elements
that play a role in renal fibrosis. Therefore, moder-
ate correlation between periostin expression and
chronicity may be observed in our study.
However, more research should be evaluated to
determine the molecular mechanism of periostin
in LN progression.

In our study, an interesting result was the iden-
tification of tubular periostin staining in most
patients, including within tubular epithelial cells,
tubular atrophy and tubular cell casts. Consistent
with our study, periostin localization was observed
mostly in distal tubules, showing promise as a tissue
and urinary biomarker for detecting tubular injury
of the kidneys. Additionally, we also investigated
the correlation of periostin and other variables. We
found a correlation with SCr, BUN and eGFR. In
agreement with our findings, there was a negative
correlation between periostin staining and eGFR
both in glomerular and interstitial regions from
patients with different nephropathies. No statistic-
ally significant correlation was found with protein-
uria.18 Moreover, periostin mRNA expression was
also correlated with renal parameters in an animal
model and patients with glomerulopathies.17,18 In
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our study, we also identified the favorable role of
periostin staining among patients with low active
disease or low chronic disease. After subgroup ana-
lysis of patients with low active disease or low
chronic disease, we found that there was a statistic-
ally significant difference of SCr and eGFR
between patients with high and low periostin stain-
ing score. In patients with higher periostin staining
score, there appeared to be a worsening of renal
function. Taking these results together, the progno-
sis of renal function reduction from periostin stain-
ing suggested that periostin staining may predict
the worsening of injured kidney progression
rather than routine staining. This is especially
seen among LN patients with low active disease
or low chronic disease; the main group of LN
patients should be concerned because early detec-
tion, diagnosis and timely initiation of treatment
may delay the progression to end-stage renal
disease.

In conclusion, this study demonstrated that peri-
ostin staining correlated with chronicity index score
and renal functions in patients with LN, suggesting
that periostin may be a tissue biomarker associated
with the pathogenesis of chronic kidney injury.
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