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Abstract
Background: Peritoneal dialysis (PD) is a kind of replacement therapies for end-stage renal disease (ESRD) patients. In the
�rst 4-8 weeks of PD therapy, the patients were given an empirical dialysis prescription due to unknown peritoneal transport
characteristics.

Methods: Proteomic analysis was used to identify serum biomarkers which can predict the baseline peritoneal transport
characteristics.

Results: A discovery set of serum samples from ESRD patients were collected. After 4-8 weeks of PD therapy, these patients
were divided into three groups according to the peritoneal equilibration test (PET) results: high (H), high average (HA), low
average and low (LA&L) transporters. A total of 1051 differential proteins were screened by nano High Performance Liquid
Chromatography - Mass Spectrometry / Mass Spectrometry (Nano HPLC-MS/MS). The top two proteins among different
peritoneal transport characteristics were Orosomucoid 2 (ORM2) and C-reactive protein (CRP). To verify the above
biomarkers, a larger population of PD patients were enrolled. Immunoturbidimetric assay showed that CRP was signi�cantly
elevated in H group than LA&L group, consistent with the result of proteomic analysis. Western blot validated that ORM2 in
serum was increased in LA&L group compared with H and HA group. The expression of ORM2 in peritoneum also altered
progressively in three groups. At last, supplying exogenous ORM could actually change peritoneal substances transport by
reducing peritoneal proteins loss, without causing an excessive pro-in�ammatory response in mice.

Conclusions: Serum ORM2 and CRP could be used as biomarkers to predict the baseline peritoneal transport characteristics,
so as to guide the early PD treatment. ORM also raised the possibility of decreasing peritoneal proteins loss in PD patients.

Background
Peritoneal dialysis (PD) is an effective, convenient and safe treatment for end-stage renal disease (ESRD) patients. PD
therapy implies a peritoneal catheter set in peritoneal cavity, with a long-term glucose dialysate exchange to eliminate toxins.
Peritoneal equilibration test (PET) developed by Twardowski[1] divided the peritoneal transport characterics as low (L), low
average (LA), high average (HA), and high (H). Patients with higher transport characteristics need shorter dialysate dwell
times, and have poorer nutrition status and prognosis as a signi�cant independent risk factor for death [2–4]. The Kidney
Disease Outcomes Quality Initiative (KDOQI) guidelines suggest that the �rst PET should be performed 4–8 weeks after PD
start. During this waiting period, the patients was given an empirical dialysis prescription due to unknown peritoneal
transport characteristics. If we �nd biomarkers to predict the baseline peritoneal transport characteristics before PD
commencement, we could give an accurate PD prescription as soon as PD start instead of waiting for 4–8 weeks.

The peritoneal transport characteristics change with dialysis vintage and peritonitis episodes after PD start[5]. However,
before PD start, the baseline peritoneal transport characteristics also have great difference among ESRD patients, suggesting
some factors affect the peritoneum earlier than the in�uence of glucose dialysate and in�ammatory response. Previous
studies found that racial origin, age, gender, BMI and complications such as hypertension, diabetes and malnutrition might
in�uence baseline transport characteristics[6, 7]. Some cytokines like vascular endothelial growth factor and interleukin-6
might also be correlated with the peritoneal transport characteristics[8, 9]. However, they were not su�cient to predict
baseline transport status and enter clinical practice with systematical validation.

Proteomic technologies have been widely used for discovering unknown proteins and generating new hypotheses. Nano High
Performance Liquid Chromatography - Mass Spectrometry / Mass Spectrometry (Nano HPLC-MS/MS) is a superior platform
for protein identi�cation, which is more sensitive and reliable compared to conventional technology[10]. In this study, we used
Nano HPLC-MS/MS analysis to identify serum biomarkers which can predict baseline peritoneal transport characteristics in
PD patients. Orosomucoid 2 (ORM2) and C-reactive protein (CRP) were selected for further validation by western blot,
immunoturbidimetric assay and immunohistochemistry staining. Additionally, the role of ORM in regulating transport
function was further analyzed in mice.
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To the best of our knowledge, this was the �rst study to use proteomic analysis to predict the baseline peritoneal transport
characteristics from blood sample of ESRD patients. We also described the role of ORM in altering peritoneal substances
transport.

Materials And Methods

Study design
We enrolled 245 incident PD patients using glucose dialysate (Dianeal, Baxter) in our center from May 2016 to December
2019. Exclusion criteria were acute kidney injury cause; PD-associated peritonitis or receiving hemodialysis before the �rst
PET; history of abdominal surgery; acute cardiovascular events occurred within 3 months before PD; malignant tumor;
corticosteroids or immunosuppressive agents used within 1 year before PD. Acute cardiovascular events include acute
myocardial infarction, angina, pulmonary embolism and aortic dissection. As a part of the regular medical care, all patients
required standard PET to assess their baseline peritoneal transport characteristics and dialysis adequacy 4–8 weeks after PD
start. This study was approved by the Ethical Committee, Zhongshan Hospital, Fudan University, and all participants provided
written informed consent.

The overall study �ow was summarized in Fig. 1. For the discovery phase, 58 PD patients and 21 normal controls (NC) were
enrolled to proteomic analysis. For further validation of the marker candidates, 187 PD patients and 25 NC were enrolled.
Western blot and immunohistochemical staining were used to verify ORM2 in serum or peritoneum. Immunoturbidimetric
assay was performed to measure serum CRP. At last, we investigated the function of ORM in altering peritoneal transport of
substances in mice.

Peritoneal equilibration test in PD patients
Peritoneal transport characteristics were assessed by standard PET as described previously[11]. Brie�y, a standard 4-hour
dwell time was performed with 2 liters 2.5% glucose dialysate. The results were calculated by using PD Adequest software
(Baxter Healthcare Corporation, Chicago, IL, USA). Peritoneal transport characteristics were categorized as high (H), high
average (HA), low average (LA) and low (L) transport characteristics, according to dialysate-to-plasma ratio of creatinine
(D/Pcr) 4 h values (L < 0.50, LA 0.5–0.65, HA 0.66–0.80, H > 0.80). L were combined into LA (LA&L) in our study due to
relatively few patients.

Nano-HPLC-MS/MS, pathway and network analyses
5 ml blood samples were collected within 3 days before PD start in a discovery set. After centrifugation (3000 g for 10 min),
the serum was immediately frozen at − 80 °C until use. After knowing the PET results, the serum samples were divided into H,
HA or LA&L group. 10 µl of each serum sample in H, HA or LA&L group were pooled, respectively. Nano-HPLC-MS/MS
analysis was employed to identify serum biomarkers. The detailed method was performed as we described previously[12].
The proteome pro�les were clustered based on Euclidean distances with average linkage using modi�ed function Clutergram
in MATLAB R2014b.

Validation based on western blot analysis
The expression of serum ORM2 was detected by western blot to con�rm the results of proteomics study, using serum within
3 days before PD start in a validation set. For each sample, 0.4 µl serum was diluted with 2.8 µl phosphate buffer saline, then
added 0.8 µl loading buffer (5×). The samples were separated by electrophoresis, transferred onto a PVDF membrane
(Sigma), incubated with primary anti-ORM2 antibody (Abcam, ab231906, 1:5000), and �nally incubated with corresponding
secondary antibody. The result was quanti�ed by using Image J and the Coomassie brilliant blue staining was used as the
loading control.

Peritoneum tissue collection and immunohistochemistry
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To explore the expression of the biomarker in peritoneum, parietal peritoneum (approximately 0.5 cm2) was taken during the
peritoneal catheter placement surgery in PD patients, or during hernia repair surgery in NC. The peritoneum was �xed in 4%
paraformaldehyde overnight, followed by routine para�n embedding, and sliced into 3 µm sections. After being dewaxed and
hydrated, primary antibody ORM2 (1:100) was incubated overnight. After washing, the corresponding secondary antibody
was incubated. DAB was added to develop color. The tissue was �nally observed under a microscope (400×).

Peritoneal equilibration test in mice
Male, 6–8 week-old C57BL/6 J mice were used, which were similar in terms of body weight and body surface area. The ORM
(Sigma) was puri�ed from human plasma, containing both ORM1 and ORM2. Animals were randomized into three groups:
control group (n = 6); PET group (n = 6); PET + ORM group (n = 6). At 0 h, control mice and PET mice were intraperitoneal
injected (i.p.) 0.9% NaCl 100 µl, while PET + ORM group were received ORM 30 mg/kg 100 µl i.p. After 2 hours, PET group and
PET + ORM group were submitted to a 2-hour PET to measure solute transport parameters by giving 2 ml 4.25% glucose
dialysate (Dianeal, Baxter) i.p. At the end, the mice were anesthetized and sacri�ced. Meanwhile, blood, peritoneal dialysis
e�uents (PDE) and peritoneum were collected. Urea, total proteins and albumin were measured by full automatic
biochemical instrument in Zhongshan Hospital. PDE volume was measured with a precision pipette. All the experimental
procedures in this study were approved by the Animal Experimentation Ethics Committee of Fudan University, Zhongshan
Hospital.

Real-time quantitative PCR
Total RNA was extracted from mice parietal peritoneum using Trizol reagent (Sigma). Total RNA (500 ng) was used for real-
time quantitative PCR with PrimeScript RT Master Mix Kit (TaKaRa) and SYBR Premix Ex Taq Kit (TaKaRa). 2-ΔΔCt method
was used to calculate relative mRNA expression. Expression levels were normalized to the control gene β-actin. The primers
were listed in Additional �le 1: Table S1.

Statistical analysis
All data were presented as mean ± SD or median (interquartile range) or number (%). The statistical analysis was performed
using SPSS (version 23.0) and GraphPad Prism (version 7.0). For continuous measurements, Student's t test or one-way
ANOVA with Bonferroni corrections was adopted. For categorical data, chi-square was used within group comparisons. A P
value < 0.05 was considered statistically signi�cant.

Results

Basic demographic and clinical characteristics of patients with
different peritoneal transport characteristics
The PD patients were grouped as H, HA and LA&L according to the standard PET. The basic data were collected before PD
start as shown in Table 1. No signi�cant differences were found in the age, gender, estimated Glomerular Filtration Rate
(eGFR), body surface area, blood pressure, diabetes mellitus ratio, blood urea nitrogen, serum creatinine, hemoglobin and
prealbumin. However, albumin decreased in H group compared to LA&L group in a validation set (P < 0.05).
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Table 1
Statistics of the basic data collected from the patients

Clinical indices Discovery (n = 58) P
value

  Validation (n = 187) P
value

  H (n = 17) HA (n = 
22)

LA&L (n 
= 19)

  H (n = 41) HA (n = 
72)

LA&L (n = 
74)

Age (year) 60.18 ± 
18.12

52.50 ± 
15.48

47.21 ± 
13.91

0.056   63.05 ± 
14.38

58.18 ± 
15.15

56.07 ± 
16.58

0.072

Male gender (%) 12(70.6%) 16(72.7%) 8(42.1%) 0.091   23(56.1%) 44(61.1%) 33(44.6%) 0.126

eGFR
(mL/min/1.73 m2)

5.72 ± 
1.91

5.28 ± 
1.86

4.83 ± 
1.19

0.293   6.00 ± 
1.89

5.73 ± 
1.95

5.89 ± 
1.98

0.761

BSA (m2) 1.74 ± 
0.16

1.73 ± 
0.18

1.61 ± 
0.18

0.053   1.71 ± 
0.21

1.75 ± 
0.22

1.71 ± 
0.21

0.370

SBP (mmHg) 145.98 ± 
18.96

150.73 ± 
15.05

148.45 
± 19.27

0.708   144.83 ± 
18.89

144.44 ± 
22.73

140.97 ± 
15.50

0.477

DBP (mmHg) 79.89 ± 
10.95

84.79 ± 
11.04

86.26 ± 
10.57

0.196   82.46 ± 
12.90

80.35 ± 
11.47

82.55 ± 
11.56

0.537

DM ratio (%) 5(29.4%) 6(27.3%) 3(15.8%) 0.577   9(22.0%) 16(22.2%) 14(18.9%) 0.870

BUN (mmol/L) 27.96 ± 
7.46

30.41 ± 
5.29

27.76 ± 
6.39

0.337   26.49 ± 
8.80

25.54 ± 
9.58

24.69 ± 
7.93

0.571

SCr (µmol/L) 726(596,
1012)

812(669,
1176)

817(738,
1012)

0.253   725.49 ± 
181.36

810.08 ± 
265.97

759.57 ± 
236.57

0.167

Hemoglobin (g/L) 89.9 ± 
16.6

85.5 ± 
18.1

87.8 ± 
17.2

0.718   91.22 ± 
13.86

89.56 ± 
15.83

94.91 ± 
19.31

0.155

Serum albumin
(g/L)

34.6 ± 5.7 36.4 ± 6.0 37.3 ± 
4.2

0.331   34.78 ± 
4.63

35.01 ± 
4.83

36.62 ± 
3.89

< 
0.05

Serum
prealbumin(mg/L)

0.33 ± 
0.07

0.34 ± 
0.08

0.36 ± 
0.07

0.343   0.31 ± 
0.06

0.31 ± 
0.06

0.33 ± 
0.06

0.248

eGFR, estimated Glomerular Filtration Rate; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood
pressure; DM, diabetes mellitus; BUN, blood urea nitrogen; SCr, serum creatinine; H, high transport characteristics; HA, high
average transport characteristics; LA&L, low average and low transport characteristics. Data were presented as mean ± 
SD or number (%). P < 0.05, vs H group.

Nano-HPLC-MS/MS quanti�cation of differentially expressed proteins in patients with different peritoneal transport
properties and for pathway and network analyses

Serum samples from H, HA, LA&L and NC groups were analyzed by nano LC-MS/MS. In total, 1051 proteins were identi�ed.
Ratio > 1.3 means up-regulation, and Ratio < 0.77 means down-regulation. Among these proteins, several proteins were up-
regulated or down-regulated in different groups as shown in Table 2. Compared to NC, there were 30 simultaneously up-
regulated proteins and 7 simultaneously down-regulated proteins among all three transporters (Fig. 2).
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Table 2
The up-regulated proteins and down-regulated proteins in H, HA, LA&L group when compared with NC.

  up-regulated down-regulated total

H.vs.NC 54 22 76

HA.vs.NC 65 26 91

L&LA.vs.NC 35 8 43

Ratio > 1.3 means up-regulation, and Ratio < 0.77 means down-regulation. H, high transport characteristics; HA, high
average transport characteristics; LA&L, low average and low transport characteristics; NC, negative control.

Gene Ontology (GO) analysis showed that compared with NC, proteins involved in in�ammatory response and immune
system process were all enriched in H, HA and LA&L groups (Fig. 3).

To explore the different expression trend of these proteins in different PD transporters, K-means clustering analysis were
performed. The 1051 proteins were classi�ed into 16 clusters by the K-means clustering algorithm, and �ve of the top ranked
proteins, which were progressively up-regulated or down-regulated among different transporters were shown in Table 3.

Table 3
Top �ve differential proteins between different PD transporters

No. Gene name Protein name cluster H:NC HA:NC LA&L:NC

1 ORM2 Alpha-1-acid glycoprotein 2 1 1.33 1.56 3.23

2 CRP C-reactive protein 12 3.33 2.54 2.11

3 NCOA1 Nuclear receptor coactivator 1 1 1.19 0.83 3.22

4 E9PFG7 2-oxoglutarate dehydrogenase mitochondrial 5 3.13 1.49 1.06

5 TUBA4A Tubulin alpha-4A chain 9 0.27 0.37 1.44

H, high transport characteristics; HA, high average transport characteristics; LA&L, low average and low transport
characteristics; NC, negative control.

Validation of ORM2 and CRP
Top two ranked proteins (ORM2 and CRP) were chosen for further validation. We �rst conducted Western blot analysis with a
validation set of serum samples to identify ORM2. Serum ORM2 of LA&L group were signi�cantly higher than H, HA and NC
group (Fig. 4a and 4b, all P < 0.05). Immunoturbidimetric assay showed that there was signi�cant difference of CRP between
four groups (P < 0.01) (Fig. 4c). Furthermore, CRP in H group was increased compared with LA&L group (P < 0.05) and NC
group (P < 0.01). These results were almost consistent with the proteomic analysis.

The expression of ORM2 in peritoneum
To investigate whether ORM2 was involved in peritoneal transport, we used immunohistochemical staining to observe the
expression of ORM2 in peritoneum of incident PD patients. It showed that ORM2 was positively expressed in cytoplasm of
human peritoneal mesothelial cells (HPMCs) and peritoneal vascular endothelial cells (PVECs). The expression of ORM2 was
gradually increased in H, HA and LA&L groups in HPMCs and PVECs (Fig. 5). These results suggested that ORM2 was not
only a serum marker to predict peritoneal transport characteristics, but also may be directly involved in peritoneal substances
transport in PD patients.

Peritoneal equilibration test in mice
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In order to further verify whether ORM2 directly participated in altering peritoneal substances transport, we performed 2 h PET
in mice to investigate the role of ORM. There was no signi�cant difference of net ultra�ltration / body weight between PET
and PET + ORM groups (Fig. 6a). Since the serum creatinine of non-uremic mice is low (about 0.4 mg/dl), and low dialysate
creatinine concentration combined with high dialysate glucose interference results in a large error, so we used the dialysate-
to-plasma (D/P) ratio of urea to access small molecules transport. There was a trend toward lower D/P urea in PET + ORM
group as compared with PET group, but the difference was not signi�cant (Fig. 6b). Proteins are large, negatively charged
molecules. Dialysate total proteins (P < 0.05) and dialysate albumin (P < 0.05) of PET + ORM group was signi�cantly lower
than ORM group (Fig. 6c and 6d). These results indicated that supplying exogenous ORM could reduce dialysate total
proteins and albumin loss.

Discussion
The classi�cation of peritoneal transport characteristics is primarily measured 4–8 weeks after PD start by PET. This
proteomic study focused on developing new and better biomarkers to distinguish the transport characteristics directly before
PD start. This research identi�ed and veri�ed two proteins, ORM2 and CRP, as biomarkers to predict the baseline peritoneal
transport characteristics.

ORM, also known as AGP (alpha-1-acid glycoprotein), mainly including ORM1 and ORM2, belongs to acute-phase protein
family and is heavily glycosylated (45%)[13]. ORM is almost synthesized in the liver, and it can also be produced by
endothelial cells, then released into the circulation[14]. Increased ORM expression has been associated with acute infection,
chronic diseases, and different kinds of cancers[15, 16]. Previous research showed that serum ORM was higher in ESRD
patients before PD start compared with healthy controls in small series[17], but they do not classify different peritoneal
transport characteristics. In this study, the result of western blot showed that ORM2 in LA&L group was higher than H, HA and
NC group, clearly con�rmed our proteomic data. Therefore, LA&L group could be distinguished from H, HA group by increased
serum ORM2 level.

We also validated that elevated serum ORM2 was associated with its increased expression in peritoneum, suggesting ORM2
was directly involved in peritoneal transport. Peritoneum has size barriers and charge barriers, which affected the ability of a
molecule to permeate the peritoneum[18, 19]. ORM is the negatively charged plasma protein, due to the high level of sialic
acid content at the terminal of glycan chains[13, 20]. The isoelectric point (pI) value of ORM is 2.7–3.2, while the pI value of
CRP is 7.9-9.0[21, 22]. ORM has been reported to increase the polyanionic charge selectivity, inhibit the trans-vascular leakage
of negatively charged substances like proteins or albumin[23], and protect vascular permeability in endothelial barrier[14] and
blood-brain barrier by increasing tight junction protein (occludin and zonula occludens-1) expression[24, 25]. It also can
suppress the renal �ltration of albumin as the major components of the glomerular endothelial cell coat[26]. In our study, we
found that peritoneal total proteins and albumin loss were reduced after giving exogenous ORM2 to mice. Due to the
negative charge effect of ORM2 as known, we thought that local high expression of ORM or giving exogenous ORM may add
more negative charge to the surface of cell, thus reduce the loss of negatively charged proteins or albumin into the PDE
(Fig. 7). Therefore, it may explain why the patients in LA&L group with higher serum ORM2 had higher serum albumin than H
group. Previous study also showed that higher baseline peritoneal transport characteristics were associated with lower serum
albumin[27]. Peritoneal albumin loss was one of the causes of hypoalbuminemia in PD patients[28], which was also related
to malnutrition, increased plasma viscosity, carotid atherosclerotic plaques and cardiovascular events[29, 30]. These results
indicated that supplying exogenous ORM in PD patients is likely to have a protective effect by preventing hypoalbuminemia
caused by high peritoneal transport.

Creatinine and urea are both small molecule toxins which can be partly eliminated by PD therapy. D/P urea is correlated
positively with D/P creatinine[19]. The 2 h PET result in mice showed that there was no signi�cant difference of D/P urea
between PET and PET + ORM groups. It suggested that giving 30 mg/kg ORM to mice as an appropriate concentration did
not in�uence the elimination of small molecule toxins.
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Higher peritoneal transport characteristics was reportedly associated with intraperitoneal in�ammation, which was largely
independent of systemic in�ammation[31, 32]. ORM has both pro-in�ammatory and anti-in�ammatory roles in different
diseases[25, 33, 34]. Whether ORM can stimulate HPMCs and PVECs to express pro-in�ammatory or anti-in�ammatory
cytokines remains unknown. Thus, we measured the mRNA level of cytokines in mice peritoneum to exclude the in�uence of
local in�ammation. PET with or without ORM neither increased the expression of IL-6, TNF-α and IL-10 in peritoneum
(Additional �le 2: Figure S1), suggesting that the mice did not have peritonitis, and ORM was safe and effective in reducing
proteins loss without causing an excessive pro-in�ammatory response.

Increased serum CRP is associated with in�ammation, peritoneal �brosis, cardiovascular morbidity and overall mortality[35,
36]. CRP-transgenic mice had higher D/P creatinine ratio than that of WT mice[35]. A cross-sectional study showed that CRP
in H and HA group was higher than LA and L group[37], and CRP has been veri�ed to be able to distinguish different transport
status in long dialysis vintage PD patients[38]. We found that H group also had higher serum CRP concentration compared
with LA&L group or NC group, which means CRP may have the capacity to discriminate the H transport characteristic from
LA&L transport characteristic in incident PD patients, too. Additionally, a collection of biomarkers, ORM2 and CRP, can
outperform a single biomarker to discriminate different peritoneal transport characteristics.

The limitations of this study were that the sample size was small; the function of ORM was based on experiment in non-
uremic animals; the result could only predict the baseline peritoneal transport characteristics. Peritoneal transport
characteristics change over time[5], and the serum ORM2 and CRP may be in�uenced by dialysis vintage. Future studies
should focus on the quantitative investigation of ORM2 in larger PD patient cohorts to provide robust validation, and the
mechanism associated with ORM and peritoneal transport characteristics by assessing the charge on the human
peritoneum.

Conclusions
In this study, we identi�ed and validated ORM2 and CRP as potential biomarkers to predict baseline peritoneal transport
characteristics. Increased ORM2 suggested lower peritoneal transport characteristics, while increased CRP suggested higher
peritoneal transport characteristics. We also revealed that the ORM role of decreasing proteins loss, which might have clinical
value in decreasing peritoneal proteins loss and preventing hypoalbuminemia in PD patients.
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Additional Files
Additional �le 1: Table S1. The primers for real-time PCR.

Additional �le 2: Figure S1. PET with or without ORM did not in�uence the expression of cytokines in peritoneum. a The
mRNA level of IL-6/β-actin. b The mRNA level of TNF-α/β-actin. c The mRNA level of IL-10/β-actin.

Figures
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Figure 1

Study �ow. H, high transport characteristics; HA, high average transport characteristics; LA&L, low average and low transport
characteristics; NC, negative control; PDE, peritoneal dialysis e�uents; PET, peritoneal equilibration test.



Page 13/18

Figure 2

Proteins differentially expressed in H, HA, LA&L group when compared with NC. Compared with NC, 30 proteins were up-
regulated and 7 proteins were down-regulated simultaneously in all the PD patients.
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Figure 3

GO analysis between different PD transporter characteristics and NC.
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Figure 4

Western blot and Immunoturbidimetric assay of ORM2 and CRP. a Western blot validated the up-regulation of serum ORM2 in
LA&L group. The Coomassie brilliant blue staining (below) is the loading control. b Expression relative quanti�cation of
ORM2. c Immunoturbidimetric assay of CRP. P < 0.05 P < 0.01
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Figure 5

Representative immunohistochemical staining of ORM2 in the human parietal peritoneum (n=6 for each group). Increased
cytoplasm staining was seen in peritoneum of PD patients among H, HA and LA&L group, indicating increased expression of
ORM2. Scale bar =100μm. Thick black arrows point to HPMC, and thin black arrows point to PVEC.
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Figure 6

Peritoneal permeability parameters in mice (n=6 for each group). a Net UF/BW. b D/P urea. c dialysate total proteins. d
dialysate albumin. UF, ultra�ltration; BW, body weight; NS, non-signi�cant. P < 0.05
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Figure 7

Supplying ORM reduced protein loss during PET by adding more negative charge on the surface of HPMCs and PVECs. PET,
peritoneal equilibration test; PDE, peritoneal dialysis e�uents; HPMCs, human peritoneal mesothelial cells; PVECs, peritoneal
vascular endothelial cells.
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