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ABSTRACT

Introduction: Preclinical trials have
shown that C-peptide may contribute to
the treatment of diabetic kidney disease
(DKD). This systematic review and me-
ta-analysis aimed to assess the use of C-
peptide in attenuating the outcomes of
DKD. Methods: Searches were made on
databases PubMed, Web of Science, and
Scielo for in vivo clinical and preclini-
cal trials written in English, Portuguese
or Spanish that looked into the use of
C-peptide in the attenuation of the out-
comes of DKD. Results: Twelve papers
were included in this review, one clinical
and eleven preclinical trials. In the clini-
cal trial, DKD patients given C-peptide
had lower levels of albuminuria than the
subjects in the control group, but glo-
merular filtration rates were not signifi-
cantly different. The main parameters
assessed in the preclinical trials were
glomerular filtration rate (six trials)
and albuminuria (five trials); three trials
described less hyperfiltration and three
reported lower levels of albuminuria in
the groups offered C-peptide. The meta-
analysis revealed that the animals given
C-peptide had lower glomerular volumes
and lower urine potassium levels than
the groups not given C-peptide. Conclu-
sion: The results of the studies included
in the systematic review diverged. How-
ever, the meta-analysis showed that the
animals given C-peptide had lower glo-
merular volumes and lower urine potas-
sium levels.

Keywords: C-Peptide; Diabetic Nephrop-
athies; Diabetes Mellitus.

Resumo

Introducio: Estudos pré-clinicos demonstra-
ram que o peptideo C pode contribuir para
a terapia da doenca renal do diabetes (DRD).
Esta revisdo sistemdtica e meta-andlise teve
como objetivo avaliar a utilidade do pepti-
deo C na atenuacio dos desfechos da DRD.
Métodos: Foram utilizadas as bases de dados
PubMed, Web of Science e Scielo, e defini-
dos como critérios de elegilibilidade ensaios
clinicos e pré-clinicos in vivo, redigidos em
inglés, portugués ou espanhol, que avaliaram
a utilidade do peptideo C na atenuagio dos
desfechos da DRD. Resultados: Doze artigos
foram incluidos nesta revisio: onze ensaios
pré-clinicos e um ensaio clinico. No ensaio
clinico, os pacientes com DRD que receberam
peptideo C apresentaram menor albumindria
do que os do grupo controle, contudo nio
houve diferenca significativa em relagdo a taxa
de filtragio glomerular. Os principais parime-
tros avaliados pelos estudos pré-clinicos foram
taxa de filtragdo glomerular (seis estudos) e
albumindria (cinco estudos), dos quais trés en-
contraram menor hiperfiltra¢ao e trés verifica-
ram menor albumindria no grupo que recebeu
peptideo C. A meta-andlise demonstrou que
os animais que receberam peptideo C apre-
sentaram menor volume glomerular e menor
excrecdo urindria de potdssio em comparagao
com aqueles que ndo o receberam. Conclusao:
Os resultados dos estudos incluidos nesta revi-
sdo sistemdtica foram divergentes. Contudo, a
meta-analise demonstrou que a administracao
do peptideo C em animais resultou em menor
volume glomerular e menor excre¢do urindria
de potissio.

Palavras-chave: Peptideo C; Nefropatias
Diabéticas; Diabetes Mellitus.
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INTRODUCTION

In the biosynthesis of insulin, pro-insulin undergoes
cleavage to form insulin and C-peptide. Thirty-one
amino acids are present in C-peptide. The sequence of
amino acids varies between species, but the position
of some amino acid residues is preserved in mammals
or change by only one species.! C-peptide is secreted
in the bloodstream in equimolar amounts when com-
pared to insulin and is used as an indicator of the en-
dogenous secretion of the latter.?

Until recently, C-peptide was seen as an inert mol-
ecule that contributed solely to the biosynthesis of in-
sulin,?® aiding in the correct folding of insulin and the
formation of disulfide bridges.! Multiple functional
roles have been recently described for C-peptide, in-
cluding binding to cell membranes, activation of sig-
naling pathways, physiological effects, and protection
against complications derived from diabetes mellitus
(DM).? Preclinical trials showed that C-peptide may
improve the outcomes related to diabetic kidney dis-
ease (DKD).**

DKD - one of the microvascular complications
of DM - introduces structural and functional altera-
tions in the kidneys consequent to chronic hypergly-
cemia.>® Structural changes include glomerular and
renal hypertrophy, thickening of the basement mem-
brane, tubular atrophy, and interstitial fibrosis, which
in turn foster the development of hyperfiltration, pro-
teinuria, and decreased renal function.? DKD is found
in 20-30% of the patients with type 1 (T1DM) and
type 2 (T2DM) diabetes mellitus; DKD negatively af-
fects the quality of life and the survival of patients
with DM.¢ Screening for DKD includes annual urine
albumin and glomerular filtration rate (GFR) tests.”

Some authors observed that the administration
of C-peptide in diabetic rodents led to improvements
in glomerulosclerosis and decreases in the thickening
of the basement membrane, albuminuria, and hyper-
filtration.>®® Another indication of the relevance of
C-peptide in the prevention of DKD stems from the
outcomes of combined pancreatic islet and kidney
transplantation, in which the persistent function of
pancreatic islets has been associated with improved re-
nal graft survival and function.'® Therefore, C-peptide
has been considered a promising agent in the treat-
ment and prevention of DKD and a possible candidate
to supplement currently available therapeutic proto-
cols, which include angiotensin-converting-enzyme
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inhibitors (captopril, enalapril, lisinopril etc.) and
angiotensin II receptor blockers (losartan, irbesartan,
telmisartan etc.).!! This paper aimed to present a sys-
tematic review of the literature and a meta-analysis
on the use of C-peptide to attenuate the outcomes of
DKD.

MEeTHODS

SEARCH STRATEGY

Searches were performed on electronic databases
Medline (PubMed), Web of Science, and Scielo.
Medical Subject Headings (MeSH) was used to define
the descriptors for the searches on databases PubMed
and Web of Science, while Descritores em Ciéncias da
Satde (DeCS) was used to define the descriptors for
the searches carried out on Scielo.

The following descriptors were used in the
search for papers on PubMed and Web of Science:
“C-peptide”, “C Peptide”, “Connecting Peptide”,
“Proinsulin C-Peptide”, “Proinsulin C Peptide”,
“C-Peptide, Proinsulin®, “C Peptide, Proinsulin”,
combined with descriptors “diabetic nephropa-
thies”, “Nephropathies, Diabetic”, “Nephropathy,
Diabetic”, “Diabetic Nephropathy”, “Diabetic Kidney
Disease”, “Diabetic Kidney Diseases”, “Kidney
Disease, Diabetic”, “Kidney Diseases, Diabetic”,
“Diabetic Glomerulosclerosis”, “Kimmelstiel-Wilson
“Kimmelstiel Wilson

Syndrome”, Syndrome”,

“Syndrome, Kimmelstiel-Wilson”, “Kimmelstiel-
Wilson Disease”, “Kimmelstiel Wilson Disease”,
“Nodular Glomerulosclerosis”, “Glomerulosclerosis,
Nodular”, Diabetic”,

“Intracapillary Glomerulosclerosis”, with connec-

“Glomerulosclerosis,

tor “AND” between the terms. The selection of pa-
pers from Scielo used descriptors “C-peptide” and
“proinsulin C-peptide”, combined with descriptors
“diabetic nephropathies”, “glomerulosclerosis, dia-
betic”, “diabetic glomerulosclerosis”, with connector
“AND” between the terms (Annex 1).

ELIGIBILITY CRITERIA

Searches were made on databases PubMed, Web of
Science, and Scielo for in vivo clinical and preclinical
trials written in English, Portuguese or Spanish that
looked into the use of C-peptide in the attenuation of
the outcomes of DKD. The following eligibility crite-
ria were established in accordance with the PRISMA ™2
recommendations:



¢ Population: Animals given only C-peptide
or humans given hypoglycemic drugs and
C-peptide.

e Exposure: Administration of C-peptide.

¢ Control: Animals given saline solution only or
humans given hypoglycemic drugs and saline
solution.

e Qutcome: Attenuation of DKD outcomes.

¢ Study design: In vivo preclinical or clinical trial.

The results from the comparisons made between
animals offered interventions other than the admin-
istration of C-peptide (insulin or drug therapy) were
not included in the systematic review. Review papers,
in vitro trials, and case reports were excluded. No re-
strictions were applied to the period of publication of
the papers included in the review. Database searches
were carried out by June 2017.

PAPER SELECTION

Two individuals selected the papers independently in
two stages. Differences of opinion were discussed un-
til the two individuals reached agreement. In the first
stage, the papers were identified based on the search
criteria and duplicates were excluded. Then the titles
and abstracts were read so that only papers meeting
the eligibility criteria were included. In the second
stage, the papers selected in the first stage were read
and the ones meeting the eligibility criteria were in-
cluded in the systematic review.

EXTRACTION OF DATA FROM THE SELECTED PAPERS

The following data were extracted from the selected
preclinical trials: strain of rodents used in the study;
method used to induce DM; time of exposure to DM;
type of C-peptide; C-peptide dose, route, site, and
time of administration; size of the case and control
groups; parameters used to characterize DKD; and
outcomes. Two individuals independently extracted
data from the papers and possible differences of opin-
ion were discussed until an agreement was reached.
The following data were extracted from the clinical
trial: type of DM; C-peptide dose and time of admin-
istration; size of the case and control groups; param-
eters used to characterize DKD; and outcomes.

METHODOLOGICAL QUALITY OF THE INCLUDED PAPERS

Two individuals independently assessed the method-
ological quality of the preclinical trials included in the
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review and resolved possible differences of opinion
until an agreement was reached. SYRCLE" was used
to assess the risk of bias in animal studies. The tool
covers the following categories: selection bias, perfor-
mance bias, detection bias, attrition bias, reporting
bias, and other sources of bias. Ten questions were
used to assess the papers included in the systematic re-
view; questions answered with a YES meant low risk
of bias; questions answered with a NO suggested high
risk of bias; questions answered with UNCLEAR in-
dicated unclear risk of bias. It is not recommended to
calculate the summation of scores of each individual
study using this tool."?

META-ANALYSIS

The meta-analysis included only preclinical trials
looking into the same outcomes, using the same meth-
od to induce DM in the animals, presenting results in
the form of mean values and standard deviations, and
using measurement units reciprocally convertible into
one another. Studies looking at outcomes glomerular
volume and GFR were grouped based on the time of
exposure to diabetes in the meta-analysis, since lon-
ger duration of exposure might lead to greater renal
involvement." The mean values, standard deviations,
and sample sizes of the groups given C-peptide and of
the control groups in each study were considered in
the meta-analysis; heterogeneity between studies was
assessed with the I-square test. Studies with I > 50%
and p-value < 0.10 were deemed heterogeneous. The
differences between mean values were calculated with
a random effects model for heterogeneous studies and
with a fixed effects model for homogeneous studies.
Statistical package Review Manager version 5 was
used in the meta-analysis.

ResuLts

The schematic diagram presented on Figure 1 shows
the paper selection stages used in the systematic re-
view. Twelve papers were included in the review
based on the eligibility criteria.

Only one clinical trial on the effects of administer-
ing C-peptide combined with insulin to patients with
T1DM and DKD for six months came out from the
search for papers.!* DKD was defined by the presence
of urine albumin between 20 and 300 pg/min. The
age of the patients with DKD ranged from 20 to 30
years. The group given C-peptide included ten pa-
tients, while the group not given C-peptide had eleven
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Figure 1 Flowchart showing the process by which papers were selected for the systematic review based on the defined eligibility criteria.

Number of records identified in databases
using MeSH descriptors.

PubMed: N= 377 articles
Web of Science: N= 89 articles

l

Number of records identified in databases
using DeCS descriptors.

Scielo: N= 0 article

N=466

Total of articles found

Number of duplicate articles
= N=66

'

N= 400

Total of articles after exclusion of
duplicate articles

Number of articles excluded in the
> initial stage: N= 389

. 35 articles were in
unselected languages

A 4

. 331 articles did not
evaluate the utility of C-peptide in
the attenuation of DKD outcomes.
. 22 articles were not
clinical or pre-clinical trials (15
narrative reviews, 1 systematic
review, 4 in vitro assays and 2
congress summaries.

N=12

Total of articles selected to full text
analysis according to elegibility criteria

patients. Human C-peptide was administered subcu-
taneously in the abdomen of the subjects at a dosage
of 600 nmol (divided in three doses within 24 hours)
for three months. The group given C-peptide had low-
er urine albumin levels (pg/min) after two (p < 0.05)
and three months (p < 0,01) of treatment and lower
urine albumin-to-creatinine ratios after three months
of treatment (p < 0.01) when compared to controls.
No statistically significant differences were found be-
tween the groups for GFR.

The characteristics of the eleven included pre-
clinical trials are shown in Table 1. The studies were
published between the years of 2001 and 2015;
seven1617:18192122 (649%) used Sprague-Dawley rats,
two'>20 (18 %) used Wistar rats, one® (9%) used C57/
BI6] mice, and one’® (9%) used Goto-Kakizaki rats.
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Ten (91%) studies induced DM by administering
streptozotocin; five”161820.21 (45%) used the intrave-
nous route; three®!”' (27%) used the intraperitoneal
route of administration; and two'>?? (18%) did not
report the route of administration. Only one’ (9%)
induced DM by means of a fat-rich diet for two
weeks. The dose administered ranged from 45 to 100
mg/kg. The time of exposure to DM was two weeks in
six®16:18.21.22 geydies (55%), one week in two'”! stud-
ies (18%), four weeks in one? study (9%), ten weeks
in one’® study (9%), and 17 to 18 weeks in one'” study
(9%).

In terms of the type of C-peptide given to the case
groups, five >>1%2021(45%) studies administered only
rat C-peptide, three'®7?2(27%) administered only hu-
man C-peptide, one® (9%) did not report the type of



C-peptide, one (9%)'® administered rat C-peptide and
C-peptide fragment, and one® (9%) administered rat
C-peptide and modified C-peptide. In relation to the
route of administration, six®!%1617:20(55%) studies ad-
ministered C-peptide subcutaneously, two'$2! (18%)
did not report the route of administration, two®?
(18%) administered C-peptide intravenously, and
one’ (9%) administered via the intraperitoneal route.
The doses administered ranged from 35 pmol/kg/min
to 130 nmol/kg/min; the time of administration var-
ied from 60 minutes to 12 weeks in the selected stud-
ies. The size of the samples included in the studies
ranged from six to 20 subjects in the case group and
from six to 14 subjects in the control group.

Table 1 shows the parameters assessed in each
of the studies. Six®*18192021 (559%) studies analyzed
the GFR, five>$%2022 (45%) looked at urine albu-
min, four®®1720(36%) assessed glomerular volume,
and three>'®?° (27%) considered urine sodium and
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The results of the preclinical studies are shown
in Table 2. Three®'®?! studies reported less hyperfil-
tration in the groups given C-peptide than in con-
trols; three>®’ found lower urine albumin levels in
the groups given C-peptide (although not in the
group given modified C-peptide); three>'>? studies
found lower glomerular volumes in the groups given
C-peptide; and none of the studies looking at urine
sodium and potassium found significant differences
between groups.

Table 3 shows the findings on methodological
quality of the preclinical trials. All studies were found
to be at low risk of bias.

Figures 2, 3, and 4 show the results from the me-
ta-analysis. The studies looking at glomerular volume
and urine potassium included in the meta-analysis
were categorized as homogeneous (I = 0% for studies
looking at glomerular volume with different times of
exposure to DM and equal times of exposure to DM,

potassium. and I? = 10% for studies analyzing urine potassium).
TaBLE 1 CHARACTERISTICS OF THE SELECTED STUDIES
Rodent Tvoe of Dose of C-peptide  Size of the
Author/ strain/time of Method to ype ol administered/ case and Assessed
. C-peptide . .
Year exposureto induce DM N route/site and time control parameters
. administered . .
diabetes of administration groups
50 pmol/kg/
min of C-peptide Group with
Xu administered DM given Alobuminuria,
Goto-Gakizaki  Fat-rich diet for Rat C-peptide subcutaneously for  C-peptide = fibronectin
etal., rats/10 weeks two weeks pep 12 weeks through  8; group with  synthesis
2015° a micropump DM not given  expression
implanted in the C-peptide = 8
abdominal cavity
50. pmol/kg/ . Group with
min of C-peptide .
o DM given
Nakamoto administered C-peptide = Space
Wistar rats/17  Streptozotocin subcutaneously ) . between
etal, to 18 weeks 50 mg/k Not reported for 24 hours with 20; group with odocyte foot
2015' 99 ; DM not given P29
a micropump C-peptide = processes
implanted on the Hp
back of the rats
Kidney-
to-body
. weight ratio,
130 nmol/kg of Group with glomerular
Sun Sprague- lln.trav_enous C-peptide injected DM given volume
injection of Human C-peptide = . '
et al. Dawley rats/2 , , subcutaneously . . ratio of the
’ streptozotocin C-peptide : 9; group with
20106 weeks twice a day for 8 . extracellular
50 mg/kg DM not given .
weeks Copeptide = 9 matrix area
pep B to the whole
glomerular
area
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CONTINUATION TABLE 1.

35 pmol/min/ Group with .
. K DM given Expression of
: Intraperitoneal kg of C-peptide . :
Kamikawa  Sprague- S - C-peptide = eNOS in the
injection of Human administered i . .
etal, Dawley rats/1 . . 7; group with  kidneys and
streptozotocin C-peptide subcutaneously for :
2008" week DM not given  glomerular
45 mg/kg a week through an .
) C-peptide = volume
osmotic pump 11
Group with GFR
DM given calculated
50 pmol/kg/min of C-peptide = based
. Intravenous . C-peptide and 500  9; Group with T
Nordquist  Sprague- C Rat C-peptide . . on inulin
injection of : pmol/kg/min of DM given
etal, Dawley rats/2 . and C-peptide ; . clearance,
8 streptozotocin C-peptide fragment  C-peptide .
2007 weeks fragment e urinary flow
55 mg/kg administered for fragment = rate. urine
100 minutes 9; group with sodi’um and
DM not given .
C-peptide = 8 potassium
50 pmol/kg/
dia of C-peptide Groun with Proteinuria,
. administered for 28 P urine sodium,
Intraperitoneal . DM given
Rebsomen  Sprague- C days by continuous . and GFR
injection of . ) . C-peptide =
etal., Dawley rats/1 . Rat C-peptide intraperitoneal i . calculated
5 streptozotocin . . . 6; group with
2006’ week infusion with an . based on
65 ma/kg L DM not given -
osmotic minipump C-peptide = 6 creatinine
placed in the pep - clearance
peritoneal cavity
g;\iupiv\g:h Albuminuria,
290 pmol/kg/ C. egtide _ expression
Intraperitoneal min of C-peptide 7, j rgu thh of collagen
Maezawa \ntrap Rat C-peptide  administered , group IV and TFG-B,
C57/BI6J injection of . DM given
etal, . . and modified  subcutaneously for 2 and GFR
5 mice/2 weeks streptozotocin ; modified
2006 C-peptide 24 hours or a week . calculated
100 mg/kg . ! C-peptide =
with an osmotic i . based on
7; group with -
pump DM not given creatinine
C-peptide = 7 clearance
Glomerular
volume,
mesangial
volume,
mesangial
50 pmol/kg/ matrix
min of C-peptide Group with volume,
administered DM given albuminuria,
Intravenous . .
Samnegard . S for four weeks C-peptide = urine
Wistar rats/4  injection of . . i . .
etal, . Rat C-peptide by continuous 11; group with  potassium and
% weeks streptozotocin . . . .
2005 60 ma/k intraperitoneal DM not given  sodium, GFR
9/kg infusion with an C-peptide = calculated
osmotic pump i based
placed on the neck on inulin
clearance, and
glomerular
basement
membrane
thickening
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Group with

Intravenous 50 pmol/kg/ DM given GFR
Samnegard Sprague- S . . . calculated
injection of . min of C-peptide C-peptide =
etal, Dawley rats/2 . Rat C-peptide O i . based
o streptozotocin administered for 60  13; group with .
2004 weeks . . on inulin
b5 mg/kg minutes DM not given
: clearance
C-peptide =7
Group with
DM given
C-peptide
Intravenous bolus =11 (dose
injection of 0,6; 1.8; 0.1x); 10 Albuminuria
Huang Sprague- Administration Human 6; 18 and 60 nmol/  (dose 0.3x); and serum
etal, Dawley rats/2  of streptozotocin Copeptide kg followed by 7 (dose 1x); calcium and
2002% weeks 65 mg/kg pep continuous infusion 9 (dose 3x); sodium levels
of 30 nmol/kg/h of 8 (dose 10x);
C-peptide group with
DM not given
C-peptide =
14
50 pmol/kg/
min of C-peptide
administered Glomerular
for 2 weeks volume, GFR
by continuous Group with calculated
Samnegard  Sorague- Intravenous intravenous infusion DM given based
9 prag injection of . with an osmotic C-peptide = on inulin
etal., Dawley rats/2 . Rat C-peptide . i .
2001 weeks streptozotocin pump placed in 7, group W|th clearar_wce,.
60 mg/kg the subcutaneous DM not given  albuminuria,
tissue of the neck C-peptide =7 and urine
connected to a sodium and
catheter inserted potassium

in the right jugular
vein of the rats

DM - Diabetes mellitus; eNOS - endothelial nitric oxide synthase expression; GFR - glomerular filtration rate; TGF-B - transforming growth factor

beta
TABLE 2 OUTCOMES FROM SELECTED STUDIES
Author/Year Outcomes

Xu et al., 2015°

Group given C-peptide had lower albuminuria (p < 0.01) and fibronectin expression (p < 0.01) than
controls.

Nakamoto et al.,

2015™

Group given C-peptide had wider spaces between podocyte foot processes than controls
(p < 0.05).

Sun et al., 2010

Group given C-peptide had lower kidney-to-body weight ratio (p < 0.05), lower glomerular
volume (p < 0.01), and lower ratio of the extracellular matrix area to the whole glomerular area
(p < 0.01) than controls.

Kamikawa et al.,

2008"

Group given C-peptide had lower kidney eNOS expression than controls (p < 0.05); no significant
differences were seen between the group given C-peptide and controls in terms of glomerular
volume.

Nordquist et al.,
2007

Group given C-peptide and C-peptide fragment had less hyperfiltration than controls (p < 0.05); no
significant differences were seen between the groups given C-peptide or C-peptide fragment and
controls in relation to urinary flow rate and urine sodium and potassium.
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CONTINUATION TABLE 2.

Group given C-peptide had lower proteinuria and urine sodium than controls (p < 0.05); no

Z?S/so;rg)%%m significant differences were seen between the group given C-peptide and controls in regards to
v GFR.

Group given C-peptide had lower albuminuria (p < 0.01) and expression of collagen IV and TGF
Maezawa (p < 0.05) than controls; no significant differences were seen between the group given modified
et al., 2006° C-peptide and controls in regards to albuminuria and expression of collagen IV and TGF-B; no

significant differences were seen between the groups in terms of GFR.

Group given C-peptide had lower glomerular volume (p < 0,001), lower mesangial volume
Samnegard (p < 0.01), and lower mesangial matrix volume (p < 0.01) than controls; no significant differences

et al., 2005%°

were seen between the group given C-peptide and controls in regards to albuminuria, urine sodium

and potassium, GFR, and thickening of the glomerular basement membrane.

2?2”2%%221 Group given C-peptide had less hyperfiltration than controls.
Huang No significant differences were seen between the group given C-peptide and controls in regards to

et al.,, 2002%?

albuminuria and serum sodium and potassium levels.

Group given C-peptide had lower glomerular volume, less hyperfiltration (p < 0.001) and albuminuria

2?2?62%%% f[han controls; no significant difference_s were seen between the group given C-peptide and controls
in regards to urine sodium and potassium.
TABLE 3 QUALITY ASSESSMENT OF THE STUDIES ACCORDING TO THE SYRCLE scaALE
Selection bias Perfor_mance Dete_ction Attr_ition Repc_)rting soottjrrfers
Author/Year bias bias bias bias of bias
1 2 3 4 5 6 7 8 9 10
Xu et al., 2015° S Y ? Y ? ? ? Y Y Y
Nakamoto et al., 2015 Y Y ? Y ? ? ? Y Y Y
Sun et al., 2010 Y Y ? Y ? ? ? Y Y Y
Kamikawa et al., 2008" Y Y ? Y ? ? ? N Y Y
Nordquist et al., 2007'® Y Y ? Y ? ? ? Y Y Y
Rebsomen et al., 2006 Y Y ? Y ? ? ? Y Y Y
Maezawa et al., 20068 Y Y ? Y ? ? ? Y Y Y
Samnegard et al., 2005%° Y Y ? Y ? ? ? Y Y Y
Samnegard et al., 20042’ Y Y ? Y ? ? ? Y Y Y
Huang et al., 20022 Y Y ? Y ? ? ? Y Y Y
Samnegard et al., 2001° Y Y ? Y ? ? ? Y Y Y

Y - YES (low risk of bias); N - NO (high risk of bias); ? - unclear (unclear risk of bias); 1- Sequence generation: the subjects in all studies were
randomly assigned to the case or control groups; 2- Baseline characteristics: the case and control groups in all studies were given streptozotocin
or fat-rich diet and developed DM; therefore, both had DM at the start of the trial; 3 - Allocation concealment: none of the papers described the use
of allocation concealment in the distribution of subjects between the case and control groups; 4 - Random housing: case and control subjects were
randomly assigned to their housing units and were exposed to equal conditions; 5 - Blinding: none of the papers reported whether researchers
were aware of which animals were given the prescribed interventions (saline solution or C-peptide); 6 - Random outcome assessment: none of
the papers established whether the outcomes of case and control groups were assessed randomly; 7 - Blinding: none of the papers described
whether the researchers were aware of which animals had been assigned to which intervention (saline solution or C-peptide) in the assessment
of outcomes; 8 - Incomplete outcome data: None of the papers but one excluded animals in the assessment of outcomes; 9 - Selective outcome
reporting: none of the studies selectively reported outcomes with significant results; 10 - Other sources of bias: none of the papers had other

sources of bias.

The studies considered in the meta-analysis in which
GFR, albuminuria, and urine sodium were analyzed,
were categorized as heterogeneous (I> = 98% and
p <0.001, and I = 99% and p < 0.001 for the studies
looking at GFR with different times of exposure to
DM and equal times of exposure to DM, respectively;
I?=91% and p < 0.001 and I> = 83% and p = 0.003
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for studies analyzing albuminuria and urine sodium,
respectively).

The meta-analysis revealed that the animals giv-
en C-peptide had significantly decreased glomeru-
lar volumes when compared to subjects not given
C-peptide with different times of exposure to DM
[difference between mean values = -0.33 x 10° (-0.37
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Figure 2 Meta-analysis of the studies assessing glomerular volume: A) studies with different times of exposure to diabetes (two or four weeks);
B) studies with equal times of exposure to diabetes (two weeks). Mean values, standard deviations, differences between mean values, and 95%

confidence interval were raised to 10.°

B) studies with equal times of exposure to diabetes (two weeks).

Figure 3 Meta-analysis of the studies assessing glomerular filtration rate: studies with different times of exposure to diabetes (two or four weeks);

x 10 - -0.30 x 10%), p < 0.001] and equal times of
exposure to DM [difference between mean values =
-0.34 x 10°¢ (-0.37 x 10°¢ - -0.30 x 10°%), p < 0.001].
The meta-analysis also found that the animals given
C-peptide had significantly lower urine potassium
levels than the subjects not given C-peptide [differ-
ence between mean values = -0.33 (-0.45 - -0.22), p
< 0.001]. In regards to the GFR, no significant dif-
ferences were found between animals given C-peptide
and animals not given C-peptide in studies with dif-
ferent times of exposure to DM [difference between
mean values = -0.76 (-1.68 - 0.16), p = 0.11] or in
equal times of exposure to DM [difference between
mean values = -0.82 (-2.29 - 0.64), p = 0.27]. No
significant differences were found between groups in

relation to albuminuria and urine sodium [difference
between mean values = -0.03 (-0.20 - 0.15), p = 0.77;
0.14 (-0.29 - 0.57, p = 0.52, respectively].

DiscussionN

This study aimed to assess the use of C-peptide to at-
tenuate the effects of DKD by means of a systematic
review of the literature and a meta-analysis.

Only one' clinical trial was included in the system-
atic review, in which subjects with TIDM and DKD
given C-peptide had lower albuminuria levels after
three months of treatment in comparison with con-
trols. However, no significant differences were seen
between groups in regards to the GFR. Therefore, one
might conclude that the administration of C-peptide
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Figure 4 Meta-analysis of the studies assessing A) albuminuria; B) urinary excretion of sodium; C) urinary excretion of potassium.

to subjects with TIDM and DKD may help decrease
urine albumin levels and, therefore, improve DKD.

GFR and urine albumin are the main parameters
used in the assessment of DKD in humans.? Six of the
preclinical trials included in this review analyzed the
GFR and five looked at urine albumin; three found
less hyperfiltration and three reported lower urine
albumin levels in the groups given C-peptide (al-
though not in the group given modified C-peptide).
However, no significant differences were found be-
tween the animals given C-peptide and the ones not
given C-peptide in regards to GFR and urine albumin
in the meta-analysis. A possible explanation for this
finding is the fact that the studies used different meth-
ods to determine the GFR and urine albumin. Two?®?
of the studies in the meta-analysis calculated the GFR
based on inulin clearance and one® having creatinine
clearance as a reference. One® study calculated albu-
minuria based on ELISA test results and another?’ re-
sorted to nephelometry.

Two possible mechanisms might explain the de-
crease in hyperfiltration and urine albumin in dia-
betic rodents after the administration of C-peptide.
C-peptide constricts the afferent arteriole in the
glomerulus at the same time as the efferent arteri-
ole dilates, thus decreasing the glomerular filtration
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pressure, the GFR, and urine albumin without chang-
ing renal blood flow.?* The constriction of the afferent
arteriole by C-peptide might be related to the expres-
sion of eNOS promoted by C-peptide.!” C-peptide
also blocks the activity of renal Na*-K*-ATPase (in-
creased with the onset of DM), thus decreasing the
reabsorption of Na* by the proximal convoluted tu-
bule (increasing the urinary excretion of sodium), the
glomerular filtration pressure and, thus, the GFR and
urine albumin.?

Another possible mechanism for the decrease in
urine albumin is based on the fact that C-peptide
makes the glomerular filtration barrier less perme-
able (thus protecting its integrity), since C-peptide
prevents decreases in the expression of podocin in the
renal glomeruli. This mechanism may also be associ-
ated with the lower levels of proteinuria seen in the
animals given C-peptide.”

Four studies looked at glomerular volume, and
three reported lower volumes in the groups given
C-peptide, a finding confirmed in the meta-analysis
when studies with different times of exposure to DM
(two and four weeks) and equal times of exposure to
DM (two weeks) were considered. None of the three
studies assessing urine sodium and potassium report-
ed significant differences between groups. However,



the meta-analysis revealed that the animals given
C-peptide had significantly lower urinary excretion
of potassium than the animals not given C-peptide.

Parameters space between the foot processes; kid-
ney-to-body weight ratio; ratio of the extracellular
matrix area to the whole glomerular area; renal ex-
pression of endothelial nitric oxide synthase (eNOS);
urinary flow rate; proteinuria; urinary excretion of
sodium; expression of fibronectin, collagen TV and
transforming growth factor-p (TGF-B); mesangial
volume; mesangial matrix volume; thickening of the
glomerular basement membrane; and sodium and po-
tassium serum levels were each assessed in only one
study.

The groups given C-peptide had lower kidney-to-
body weight ratios; lower ratios of the extracellular
matrix area to the whole glomerular area; decreased
renal expression of eNOS; less proteinuria; lower uri-
nary excretion of sodium; lower expression of fibro-
nectin, collagen IV, TGF-B; lower mesangial volumes;
and lower mesangial matrix volumes (although the
group given modified C-peptide did not have lower
expression of collagen IV or TGF-B) in relation to
controls. A possible explanation for these findings re-
volves around the fact that C-peptide suppresses the
exacerbated synthesis of extracellular matrix com-
ponents (collagen IV in particular), thus preventing
component accumulation, impeding the thickening of
the glomerular basement membrane, precluding the
expansion of the mesangial matrix, and consequently
preventing glomerular hypertrophy.’® C-peptide also
inhibits the expression of TGF-B, an inducer of the
synthesis of extracellular matrix components, possi-
bly contributing to lower synthesis of collagen IV and
fibronectin.®

The studies included in this review used Wistar
rats, Sprague-Dawley rats, Goto-Kakizaki rats, and
C57/Bl6] mice. Wistars and Sprague-Dawley rats, the
two most commonly used species in laboratory ex-
periments,?® were also the most commonly used in the
studies included in this review. In most of the studies,
DM was induced with the administration of strepto-
zotocin, a glucosamine-nitrosourea compound used
to produce DM in experimental animals?” by obliter-
ating their pancreatic beta cells.?® Only one study in-
duced T2DM by offering the animals a fat-rich diet.’

The animals in the studies were given human
C-peptide, rat C-peptide, C-peptide fragment or mod-
ified C-peptide. There is considerable equivalence

C-peptide and diabetic kidney disease

between rat and human C-peptide, with both having
31 amino acids in their structures, although higher
levels of human C-peptide in relation to rat C-peptide
are required to produce effects in rats, possibly on ac-
count of the different disposition of amino acids in
the two compounds.!* C-peptide fragment, formed
by the rat C-peptide carboxy terminal pentapeptide
(EVARQ), produces effects similar to the whole pep-
tide and indicates the site of activity of C-peptide;*
modified C-peptide features the same amino acids
seen in C-peptide, however randomly organized.®
Modified C-peptide had no effect in the study in
which it was used.

The type, dose, and time of administration of
C-peptide, the time of exposure to DM, and the strain
of rodents varied between studies, which possibly
led to differences in the reported results. None of the
studies reported procedures to calculate the sample
size. However, considering that a difference of 20%
was seen between the mean values reported for case
and control groups along with a coefficient of varia-
tion of 15%, five animals per group would be needed
to reach a significance of 0.05,% indicating that the
size of the samples was adequate in all studies includ-
ed in the systematic review.

The preclinical trials included in the systemat-
ic review may be categorized as having low risk of
bias according to the criteria of the SYRCLE scale.
Nonetheless, the review has its limitations. The select-
ed studies considered different parameters, and only
some of the studies looked into GFR and albumin-
uria - the main parameters used in the assessment of
DKD in medical practice. Some studies did not report
the values for the analyzed parameters and only men-
tioned whether the results were significantly different,
which made it impossible to use them in the meta-
analysis. Only one clinical trial was included, a fact
that hampered the assessment of the role of C-peptide
in the attenuation of the outcomes of DKD in hu-
mans. Moreover, the non-inclusion of other databases
in the search for papers and publication bias (papers
showing negative results are often not published or
are published in journals not indexed with the select-
ed databases) may compromise the generalization of
the results found in the review.

In addition to being few, the studies included in
the meta-analysis in which GFR, albuminuria, and
urine sodium were assessed, were significantly hetero-
geneous in relation to each other, a factor that may
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have compromised the outcome of the meta-analysis.
Heterogeneity derives from the different designs ad-
opted in the included studies and the choices made for
parameters such as the type of animal used, method
used to calculate the GFR and albuminuria, and dose
and time of administration of C-peptide. This obser-
vation indicates the need for further standardization
of future preclinical trials devised to assess the use of
C-peptide in the attenuation of the outcomes of DKD.

A previously published systematic review and
meta-analysis®' looked into the therapeutic use of
C-peptide in kidney disease. The study observed that
there were decreases in proteinuria, glomerular vol-
ume, and GFR in animals with DM given C-peptide
in relation to animals not given C-peptide. The results
of the present meta-analysis also showed decreases
in the glomerular volume of the animals treated with
C-peptide. These findings were seen in the studies
with different times of exposure (two and four weeks)
to DM and equal times of exposure (two weeks) to
DM, indicating that the administration of C-peptide
may be effective when performed at different times
throughout the progression of the disease in animals.

Despite the conflicting results published in the stud-
ies included in this systematic review, the meta-analysis
showed that the animals given C-peptide had lower glo-
merular volumes and lower levels of urine potassium
when compared to subjects not given C-peptide, indicat-
ing that C-peptide may help attenuate the progression
of DKD. However, more preclinical and clinical trials
are required to further assess the possible clinical uses of
C-peptide in TIDM and T2DM.

ConcLusion

The results of the studies included in this systematic
review diverged. However, the meta-analysis showed
that the administration of C-peptide led to lower glo-
merular volumes and lower levels of urine potassium.
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