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Objective. Abnormal signaling pathways play a crucial role in the mechanisms of podocyte injury in diabetic nephropathy. They
also affect the recovery of podocytes after islet transplantation (IT). However, the specific signaling abnormalities that affect the
therapeutic effect of IT on podocytes remains unclear. The purpose of this study was to assess whether the RhoA/ROCK/NF-κB
signaling pathway is related to podocyte restoration after IT. Methods. A mouse model of diabetic nephropathy was established
in vivo using streptozotocin. The mice were then subsequently reared for 4 weeks after islet transplantation to determine the
effect of IT. Islet cells, CCG-1423 (RhoA Inhibitor), and fasudil (ROCK inhibitor) were then cocultured with podocytes in vitro
to assess their protective effects on podocyte injury induced by high glucose (HG). Protein expression levels of RhoA, ROCK1,
synaptopodin, IL-6, and MCP-1 in kidney tissues were then measured using immunohistochemistry and Western blotting
techniques. Results. Islet transplantation reduced the expression levels of RhoA/ROCK1 and that of related inflammatory factors
such as IL-6 and MCP-1 in the kidney podocytes of diabetic nephropathy. In the same line, islet cells reduced the expression of
RhoA, ROCK1, and pp65 in immortalized podocytes under high glucose (35.0mmol/L glucose) conditions. Conclusions. Islet
transplantation can reverse podocyte injury in diabetes nephropathy by inhibiting the RhoA/ROCK1 signaling pathway. Islet
cells have a strong protective effect on podocytes treated with high glucose (35.0mmol/L glucose). Discovery of signaling
pathways affecting podocyte recovery is helpful for individualized efficacy evaluation and targeted therapy of islet
transplantation patients.

1. Introduction

Diabetic nephropathy (DN) is a serious microvascular com-
plication that causes end-stage renal disease [1]. It is charac-
terized by appearance of progressive proteinuria, glomerular
filtration injury, glomerular sclerosis, and glomerular base-
ment membrane (GBM) thickening. Podocytes are essential
components of glomerular filtration barrier function. As
such, an injury to podocytes results to the development of

proteinuria [2]. Podocyte injury is one of the most impor-
tant mechanisms that lead to DN [3]. Cognizant to this,
reversing podocyte injury is a promising therapeutic target
for DN patients.

Islet transplantation is a promising alternative approach
for type 1 diabetes patients with serious complications [4].
It decreases urinary excretion of albumin, improves micro-
vascular and macrovascular function, and reverses related
renal damage [5, 6]. Though blood glucose is controlled at
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normal levels in all animal models of diabetic nephropathy
after islet transplantation, there are individual differences in
the reversal of kidney and podocyte injury. It is therefore pos-
tulated that abnormal signal activation affects podocyte
recovery after islet transplantation [7].

Abnormal signaling pathways play a critical role during
the processes thereby leading to podocyte lesions in diabetic
nephropathy [8]. The small GTPase that belong to the Ras
homology (Rho) family play important roles in regulating a
variety of signal transduction pathways such as cell migra-
tion, proliferation, and phagocytosis [9]. RhoA is the most
common member of the Rho GTPase family. Its major
downstream effector is ROCK1. It is also postulated that
the RhoA/ROCK pathway contributes to the development
of diabetic complications such as diabetic nephropathy
[10]. As such, inhibition of this pathway prevents occurrence
of pathologic changes of diabetic nephropathy in vivo [11].

Herein, both in vivo and in vitro experiments were
conducted to investigate the effects of islet transplantation
on podocyte injury. In the same line, the RhoA/ROCK sig-
naling pathway and the NF-κB pathway were analyzed to
explore possible protective mechanism of functional islets
on podocyte injury. This was done to analyze the causes of
poor renal function after islet transplantation which would
further aid in development of clinical targeted therapy for
islet transplantation.

2. Materials and Methods

2.1. Animal Models.Mature male C57BL/6 mice (8 weeks old,
weighing 18–22 g) were purchased from the Laboratory Ani-
mal Center (WenzhouMedical University, Wenzhou, China)
for animal-based models. The mice were housed in specified
pathogen free (SPF) environment at 24°C ± 1°C and with a
12-hour light/dark cycle for at least one week prior to the
experiment. Twenty mice were then induced to develop
diabetes (blood glucose >16.67mmol/L) through intraperito-
neal injection with streptozotocin (STZ) (60mg/kg, Sigma
Aldrich, St. Louis, USA) in sodium citrate buffer for 5 consec-
utive days. Another seven mice were used as the negative
control group. Urinary protein and creatinine of the mice
were then assessed using an automatic biochemical analyzer
after a stable diabetic status of 18 weeks.

The DN mice were then further divided into two groups:
DN group (n = 7, mice with diabetic nephropathy) and IT
group (n = 7, DN mice treated by islet transplantation). A
control group (n = 7, mice without any treatment) was also
established. These experiments were reviewed and approved
by the animal policy and welfare committee of the Wenzhou
University.

2.2. Cell Culture Conditions. Conditionally immortalized
podocyte cell lines from mice (National Infrastructure of Cell
Line Resources, Beijing, China) were routinely maintained at
33°C and 5% CO2 in DMEM medium (5.6mmol/L D-glu-
cose) supplemented with 10% FBS and 10 units/mL recombi-
nant γ-interferon (IFN-γ, Sigma). Prior to the experiment,
the cells were cultured without INF-γ at 37°C for 14 days to
induce differentiation.

Thedifferentiated podocyteswere plated in 6-well plates and
cultured under 9 different conditions to assess the degree of
podocyte injury. The nine sets of conditions were 5.6mM D-
glucose as normal glucose group, D-glucose (5.6mM)+man-
nitol (29.4mM), 20.0mM D-glucose, 35.0mM D-glucose,
35.0mM D-glucose+ fasudil (10-6mM), 35.0mM D-gluco-
se+ fasudil (10-5mM), 35.0mM D-glucose+ islet cells (cocul-
ture group), D-glucose (5.6mM)+ fasudil (10-5mM), and
35.0mM D-glucose+CCG-1423 (1μM).

2.3. Islet Transplantation. Male C57BL/6 mice were selected
as pancreatic islet donors. The mice were first subjected to
isoflurane anesthesia followed by injection with 5mL collage-
nase V (GIBCO, CA, USA) into the pancreatic duct via the
common bile duct. This was done after ligation at the
ampulla of Vater. The pancreases were subsequently inflated
and removed and then transferred into a stationary water
bath at 37°C for digestion. The islets were then separated
through density gradient centrifugation using Histopaque-
1077 and handpicked into black glass petri dishes. The pure
islets were then cultured in RPMI-1640 (5.6mM glucose,
Gibco, CA, USA) for at least 6 hours and their viability
assessed using FDA-PI (Fluorescein diacetate-propidium
iodide, Solarbio, Beijing, China) prior to transplantation.
Islets of 250–350 islet equivalent (IEQ) were then slowly
placed beneath the kidney capsule upon exposure of the kid-
ney [12].

2.4. Western Blot Analysis. The Protein BCA Assay kit
(Beyotime, Jiangsu, China) was used to determine the total
protein concentration of the cells and kidney cortex. The
proteins were then separated by size using a 10% SDS-
polyacrylamide gel electrophoresis followed by electropho-
retic transfer of the resultant bands onto nitrocellulose
membranes. The membranes were subsequently blocking
with 5% skimmed milk powder supplemented with Tris-
buffered saline-Tween buffer and then incubated overnight
with primary antibodies at 4°C. The primary antibodies were
MCP-1 (Santa Cruz Biotechnology, Inc.), β-actin (Cell Signal-
ing Technology, CST, Boston, USA), ROCK1 (CST), GAPDH
(CST), RhoA (CST), IL-6 (CST), PP65 (CST), CCG-1423
(Santa Cruz), and synaptopodin (Santa Cruz). The mem-
branes were then incubated with the goat anti-rabbit/mouse
immunoglobulin G horseradish peroxidase- (HRP-) conju-
gated secondary antibody (BioSharp, Technology Inc., China).
The resultant banding patterns were analyzed using the Image
Lab Software (Amersham imager 680, Cytiva, USA; UVP
ChemStudio/PLUS, Analytik Jena AG, Germany).

2.5. Immunohistochemistry and Immunofluorescence Staining.
Immunoperoxidase procedures were carried out on paraffin-
embedded renal tissue sections of 4μm thickness. The sections
were first incubated in hydrogen peroxide (3%) to quench
endogenous peroxidase activity after deparaffinization in
dimethyl benzene and rehydration in graded alcohols and
water. Antigen retrieval in boiling sodium citrate buffer
(pH = 6:0) was then done, and the sections subsequently
blocked with normal goat serum (5%). The slides were incu-
bated with specific antibodies (synaptopodin, MCP-1, IL-6,
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ROCK1 and RhoA). Peroxidase-coupled goat anti-rabbit
immunoglobulin G (BioSharp Inc., China) served as the sec-
ondary antibody and 3,3′-diaminobenzidine (DAB) as the
coloring agent. Immunofluorescence staining of mouse kidney
tissues was performed using insulin antibody (2D11-H5; Santa
Cruz Biotechnology, Dallas, TX) followed by rinsing and
addition of FITC-conjugated secondary antibodies (Santa-
Cruz). Images were randomly selected for each slide and the
micrographs subsequently captured under ×100 and ×200
magnification.

2.6. Data Analysis. Data was processed and analyzed using
the SPSS 20.0 statistical software (Chicago, IL USA). Data
was presented as means ± standard deviation (SD). Differ-
ences between groups were determined using one-way analy-
sis of variance (ANOVA). P values less than 0.05 (P < 0:05)
indicated that there were significant differences between
groups. All data presented were obtained from independent
triple-replicated experiments.

3. Results

3.1. Evaluation of Islet Transplantation. FDA-PI staining was
used to evaluate the activity of the islets after extraction of the
purified islet cells. The activity of islet cells was high before
transplantation (>99%, Figure 1(a)). Hematoxylin-eosin
(HE), immunohistochemical, and immunofluorescence
staining further revealed that transplanted islets had high
activity and still secreted insulin under the kidney capsule
(Figures 1(b) and 1(c)).

3.2. Construction of Mice Model. Blood glucose level, body
weight, urine protein-to-creatinine, urea nitrogen, and blood
creatinine were measured to determine whether there were
differences between groups. The body weight of mice in the
DN group remained constant at low levels while that of mice
in the control group rose continuously. Mice in the IT group
instantly gained weight after transplantation (Figure 2(a)). In
the same line, the blood glucose levels of diabetic mice
decreased significantly after transplantation while those of
the other two groups remained at the initial levels
(Figure 2(b)). In addition, the level of urine protein-to-creat-
inine, urea nitrogen, and blood creatinine decreased signifi-
cantly in the IT group compared to untreated DN mice
(Figures 2(c)–2(e)). PAS (periodic acid-schiff) and HE stain-
ing were subsequently used to analyze glomerular pathologi-
cal changes in each group. Mice in the DN group had
significant renal microstructure injuries (podocyte depletion,
glomerular hypertrophy, and glomerular basement mem-
brane thickening) compared with those in the control and
IT group (Figures 2(f) and 2(g)).

3.3. Islet Transplantation Inhibits Inflammation of Renal
Tissues. IHC (immunohistochemistry staining) and WB
(Western blotting) were performed to determine the protein
levels of inflammatory-related factors that were further used
to assess the effect of islet transplantation on inflammation.
MPC-1 and IL-6 were highly expressed in the kidney tissue
of the DN group. However, there was no significant expres-
sion of the two factors in the control and IT groups
(Figure 3(a)). Semiquantitative scores further revealed that

(a) (b)

(c)

Figure 1: Evaluation of islets vitality, location, and function after transplantation. (a) Viability evaluation of pancreatic islets (FDA/PI
staining: ×200). Scale bar = 50μm. (b) The activity of islets transplanted under renal capsule was high and insulin secretion was normal
(The arrow points to the positive expression of insulin antibody, immunohistochemical staining: ×200; immunofluorescence staining:
×200). Scale bar = 50μm. (c) Transplanted islets were at a high activity under the kidney capsule (The arrow points to the positive
expression of insulin antibody, immunohistochemical staining: ×100; HE staining: ×100). Scale bar = 100 μm.
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Figure 2: Continued.
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the OD values of MPC-1 and IL-6 in the DN group were
higher than those of MPC-1 and IL-6 in the control group.
Similarly, the OD values of MPC-1 and IL-6 in the IT group
were lower than those in the DN group (Figures 3(b) and
3(c)). Western blot analysis also revealed that the expression
levels of MPC-1 and IL-6 in the DN group were significantly
higher than those in the control group. Moreover, the expres-
sion of MPC-1 and IL-6 in the IT group was lower than that
of the DN group (Figure 3(d)). WB analysis results were con-
sistent with those of IHC (Figures 3(e) and 3(f)).

3.4. Islet Transplantation Reverses Podocyte Injury Caused
by Diabetic Nephropathy through Inhibition of the
RhoA/ROCK1 Pathway. The recovery of podocytes after islet
transplantation was detected by IHC andWB. The proportion
of synaptopodin-positive cells was significantly increased in
the glomerulus of DN mice after islet transplantation
(Figures 4(a) and 4(b)). WB analysis further revealed that
there was a significant increase in the podocyte level (synapto-
podin) of the IT mice compared to the untreated DN mice
(Figures 4(c) and 4(d)). In the same line, the proportion of
RhoA/ROCK1 positive cells in the glomerulus was signifi-
cantly low in the IT group compared to corresponding
proportions in the DN group (Figures 4(e)–4(g)). The expres-
sion levels of RhoA/ROCK1 proteins were significantly low in
the IT group compared to the corresponding levels in the DN
group (Figures 4(h) and 4(i)). Evidently, IT treatment reduced
the expression of RhoA/ROCK1 but increased the expression
of synaptopodin in the glomeruli.

3.5. Inhibition of RhoA/ROCK1 Improves Recovery of
Podocyte Injury Induced by High Glucose. The degree of
injury of immortalized podocytes was determined at different
glucose concentrations to assess whether inhibition of the
RhoA/ROCK1 pathway was related to the degree of podocyte

recovery. The expression levels of synaptopodin and
RhoA/ROCK1 proteins were subsequently measured by
WB. Podocytes was decreased when the glucose concentra-
tion was high (i.e., 20.0 and 35.0mmol/L) and vice versa
(Figures 5(a) and 5(b)). In the same line, mannitol had no
effect on podocyte expression and activation of the RhoA/R-
OCK1 signaling pathway. Mannitol had been used as an
osmotic control. However, fasudil reduced the increased
expression level of RhoA/ROCK1 proteins induced by high
glucose (35.0mmol/L glucose) levels (Figures 5(c)–5(e)). Fas-
udil also restored the expression of podocytes in high glucose
(35.0mmol/L glucose; Figures 5(a) and 5(b)). Similarly, CCG-
1423 also restored the expression of podocytes and reduced
the increased expression level of RhoA/ROCK1 proteins in
high glucose (35.0mmol/L glucose; Figures 5(f) and 5(g)).

3.6. Islet Cells Reverse Podocyte Injury Caused by High
Glucose by Inhibiting the RhoA/ROCK1/NF-κB Pathway.
The effects of high glucose (35.0mmol/L glucose), fasudil,
and islet cells (islet cells cocultured with podocytes) on the
expression of RhoA/ROCK1, PP65, and synaptopodin were
determined by WB in vitro to identify the molecular mecha-
nisms of islet transplantation in reversing podocyte injury in
diabetic nephropathy. Both islet cells and fasudil attenuated
the expression of RhoA/ROCK1 proteins and restored podo-
cyte expression in high glucose (35.0mmol/L glucose) condi-
tions (Figures 6(a)–6(e)). Moreover, the increased expression
of pp65 induced by HG (35.0mmol/L glucose) was inhibited
by fasudil. This indicated that NF-κB expression was medi-
ated by the RhoA/ROCK signaling pathway (Figures 6(f)
and 6(g)). These findings demonstrated that islet cells and
fasudil reversed the HG (35.0mmol/L glucose) induced low
synaptopodin expression by inhibiting expression of the
RhoA/ROCK1/NF-κB pathway.

Control
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(

40
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(g)

Figure 2: Improvement of body weight, blood glucose, renal function, and pathology in mice after islet transplantation. (a) Random blood
glucose was measured once a week (islet transplantation model mice established at 18 weeks). (b) The weight of mice was recorded once a
week. (c, d) Blood creatinine and urea nitrogen were measured for each group. (e) Urinary albumin-to-creatinine was measured for each
group. (f, g) The HE and PAS staining of glomerular structure showed typical pathological changes (The arrow in HE points to the
glomerular hypertrophy; the arrow in PAS points to the glomerular basement membrane thickening) (∗P < 0:05 versus the control group,
#P < 0:05 versus the DN group).
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4. Discussion

Herein, the role of islet transplantation in reversing podocyte
injury was investigated. The diabetic nephropathy model was
established, and islet cells successfully isolated before trans-
plantation. After islet transplantation, the blood glucose of
DN mice decreased significantly and remained constant
within the normal level. Moreover, the body weight gradually
increased, and the symptoms of polyuria disappeared. The
renal function index (blood creatinine, urea nitrogen, and
urinary albumin-to-creatinine) was also improved, and the
damage to the kidney tissue (especially podocyte) signifi-
cantly alleviated. Further exploration of the mechanism
involved revealed that the RhoA/ROCK1 signaling pathway

was closely related to podocyte injury in diabetic nephropa-
thy. Nevertheless, the pathway was significantly inhibited
after islet transplantation. These results were confirmed
using cell experiments. Notably, the therapeutic effect of islet
cells and fasudil was related to suppression of pp65 (NF-κB
p65 subunit) activity. It was therefore postulated that the
RhoA/ROCK/NF-κB pathway is involved in podocyte repair
after islet transplantation.

Islet transplantation is a radical treatment for type 1 dia-
betes mellitus. It can restore insulin secretory capacities and
increase insulin sensitivity [13, 14]. Pancreatic islet grafts
can ameliorate diabetic angiopathy and prevent its progres-
sion to diabetic nephropathy [6]. Previous studies have
reported that islet transplantation can improve podocyte
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Figure 3: Islet transplantation inhibited the expression of inflammatory factors in diabetic nephropathy mice. (a–c) Immunohistochemical
staining (×400) and quantitative analysis showing the expression levels of IL-6 and MCP-1 in different groups. Quantifications of IL-6 and
MCP proteins expression in the kidney was measured by mean integrated optical density (IOD)/area. (d–f) Levels of IL-6 and MCP-1
proteins were quantified by western blot analysis. There are three replicates in each group (∗P < 0:05 versus the control group, #P < 0:05
versus the DN group).
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Figure 4: The effects of islet transplantation on synaptopodin and RhoA/ROCK1 proteins in diabetic nephropathy mice. (a, b) Synaptopodin
protein was detected by immunohistochemical staining (×200, ×400), and then, podocyte injury and restoration were quantitatively analyzed
in different groups. Quantifications of Synaptopodin protein expression in single glomeruli was measured by mean integrated optical density
(IOD)/area. (c, d) Western blot was used to detect the expression of synaptopodin protein and quantitatively analyze recovery of podocytes
after islet transplantation. (e, f) The expression and distribution of RhoA/ROCK1 proteins in immunohistochemical photographs (×200,
×400) of different kidney tissues. (g) Quantifications of RhoA/ROCK1 proteins in single glomeruli was measured by mean integrated
optical density (IOD)/area. (h, i) Western blot and semiquantitative analysis of RhoA/ROCK1 proteins expression in renal tissue
(∗P < 0:05 versus the control group, #P < 0:05 versus the DN group).
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injury via Notch-1 signaling. However, other mechanisms of
podocyte repair have not yet been deeply studied [7, 15]. In
previous islet transplantation studies, there were individual
differences in the degree of injury after diabetic nephropathy
modeling and also individual differences in repair of kidney

injury after islet transplantation. Moreover, an abnormal sig-
nal activation was detected in the kidneys of the animals with
poor recovery after islet transplantation. As such, focus was
put on the effect of the abnormal signal on the repair of
podocytes.
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Figure 5: Effects of HG and fasudil on synaptopodin and RhoA/ROCK1 proteins in podocytes in vitro. (a, b) The dose-dependent effects of
HG and fasudil on synaptopodin protein and their semiquantitative analysis. (c–e) The dose-dependent effects of HG and fasudil on
RhoA/ROCK1 proteins and their semiquantitative analysis. (f, g) The effects of CCG-1423 on synaptopodin and RhoA/ROCK1 proteins
in HG (35.0mmol/L glucose) and heir semiquantitative analysis. ∗P < 0:05 versus the control group (5.5mM glucose), #P < 0:05 versus the
HG (35mM) alone.
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Podocytes are highly differentiated postmitotic cells that
play a critical role as filtration barriers and prevention of pro-
tein loss [16]. They are damaged in the presence of diabetic
nephropathy or high glucose conditions [17]. Podocyte
abnormalities are also believed to contribute to the develop-

ment of proteinuric glomerular diseases [18]. In the same
line, their injury leads to albuminuria and other typical path-
ological changes such as glomerular hypertrophy, glomerulo-
sclerosis, and GBM thickening which further aggravate the
development of diabetic nephropathy [19]. As such, repair
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Figure 6: Effects of islet cells and fasudil on synaptopodin, RhoA/ROCK1and pp65 proteins of podocyte in high glucose (35.0mmol/L
glucose) environment. (a, b) The effects of islet cells (islet cells were cocultured with podocytes) on synaptopodin protein and their
semiquantitative analysis. (c–e) The effects of islet cells on proteins of RhoA/ROCK1 signaling pathway and their semiquantitative
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of podocytes is of great significance in DN treatment.
Synaptopodin (podocyte-specific marker) is specifically
expressed in differentiated podocytes. Its expression level
reflects the injury degree of the podocytes and is therefore
commonly used in podocyte and diabetic nephropathy
research [20].

Filamentous actin rearrangements and damage in podo-
cytes are related to the activation of ROCK. They are usually
induced by high glucose [21]. Activated RhoA in turn
induces podocyte apoptosis through TGFβ [22]. During
pathogenesis of DN, there is high expression of RhoA/R-
OCK1 [11]. It is postulated that the RhoA/ROCK signal
can upregulate NF-κB activity which plays a key role in the
occurrence and development of DN [23–25]. MCP-1 is a
member of the C-C chemokines. It is regulated by NF-κB
signaling and is highly expressed in many renal diseases
(especially in DN) [26]. These reports confirm the role of
inflammatory pathways in development of DN [27]. Herein,
the highly expressed RhoA/ROCK signal in podocytes of DN
was suppressed by IT. In addition, IT significantly increased
the expression of synaptopodin. IT also inhibited the expres-
sion of inflammatory factors IL-6 and MCP-1 mediated by
NF-ĸB in the kidney tissues of DN mice. These findings
strongly suggested that IT could reverse podocyte injuries in
diabetic nephropathy by inhibiting the RhoA/ROCK/NF-κB
pathway.

These findings were further confirmed using in vivo
studies. Podocyte injuries were significantly reversed, and
the expression of the RhoA/ROCK1 signal inhibited in the
high-glucose environment after the cells were cocultured
with islet cells. Similarly, fasudil (a ROCK inhibitor) [28]
alleviated the podocyte injuries induced by high glucose.
These results were consistent with those of Hidaka Teruo
et al., who also reported that fasudil had beneficial effects
on podocyte injury induced by angiotensin II [29]. Moreover,
we found that NF-κB was activated in podocyte injury, and
they were also consistent with those of Qinglian Wang
et al., who reported that NF-κB activated because of podocyte
injury was mediated by RhoA/ROCK signalling pathway
[30]. CCG-1423 (RhoA Inhibitor) also yielded similar
experimental results which further validated the findings. It
was thus postulated that islet cells can reverse the podocyte
injury induced by high glucose by inhibiting the RhoA/R-
OCK/NF-ĸB pathway.

Activation of abnormal renal signals will affect the repair
of podocyte injury after islet transplantation. However, so far,
the treatment in this aspect is very limited. Herein, inhibition
of the RhoA/ROCK/NF-ĸB pathway after islet transplanta-
tion had a great protective effect on podocyte injury in dia-
betic nephropathy which further enriched the therapeutic
regimen of islet transplantation.

Nonetheless, this study was limited by several factors.
The study lacked a fasudil treatment group. As such, the
clinical value of islet transplantation combined with fasudil
in treatment of diabetic nephropathy needs to be explored
further using large comprehensive studies. In addition,
NF-κB could have also caused inflammatory podocyte
injury. This phenomenon should therefore be investigated
in the future studies.

5. Conclusion

Evidently, islet transplantation can reverse podocyte injury in
diabetes nephropathy by inhibiting the RhoA/ROCK1 sig-
naling pathway. Islet cells have a strong protective effect on
podocytes treated with high glucose. Discovery of signaling
pathways affecting podocyte recovery is helpful for individu-
alized efficacy evaluation and targeted therapy of islet trans-
plantation patients.
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