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AbstrAct
background and objectives The cytokine midkine (MK) 
is pathologically implicated in progressive chronic kidney 
disease (CKD) and its systemic consequences and has 
potential as both a biomarker and therapeutic target. 
To date, there are no published data on MK levels in 
patients with different stages of CKD. This study aims to 
quantify MK levels in patients with CKD and to identify any 
correlation with CKD stage, cause, progression, comorbid 
disease or prescribed medication.
Methods In this observational, single-centre study, 
demographic data were collected, and serum and urine 
assayed from 197 patients with CKD and 19 healthy 
volunteers in an outpatient setting.
results The median serum and urine MK level in 
volunteers was 754 pg/mL (IQR: 554–1025) and 239 pg/
mL (IQR: 154–568), respectively. Compared with serum 
MK in stage 1 CKD (660 pg/mL, IQR: 417–893), serum 
MK increased in stage 3 (1878 pg/mL, IQR: 1188–2756; 
p<0.001), 4 (2768 pg/mL, IQR: 2065–4735; p<0.001) 
and 5 (4816 pg/mL, IQ: 37477807; p<0.001). Urine MK 
levels increased from stage 1 CKD (343 pg/mL, IQR: 
147–437) to stage 3 (1007 pg/mL, IQR: 465–2766; 
p=0.07), 4 (2961 pg/mL, IQR: 1368–5686; p=0.005) and 
5 (6722 pg/mL, IQR: 3796–10 060; p=0.001). Fractional 
MK excretion (FeMK) increased from stage 1 CKD (0.159, 
IQR: 0.145–0.299) to stage 3 (1.024, IQR: 0.451–1.886, 
p=0.047), 4 (3.39, IQR: 2.10–5.82, p=0.004) and 5 (11.95, 
IQR: 5.36–24.41, p<0.001). When adjusted for estimated 
glomerular filtration rate, neither serum nor urine MK 
correlated with primary CKD diagnosis or CKD progression 
(small sample). There was a positive correlation between 
protein:creatinine ratio and FeMK (p=0.003). Angiotensin 
blockade (adjusted for proteinuria) was associated with 
lower urine MK (p=0.018) and FeMK (p=0.025).
conclusion MK levels sequentially rise with CKD 
stage beyond stage 2, and our data support existing 
animal evidence for an MK/renin angiotensin-system/
proteinuria relationship. To what extent this is related to 
renal clearance versus pathology, or the consequences of 
chronically elevated MK levels requires further exploration.

IntroductIon
Chronic kidney disease (CKD) is common 
and is associated with significant morbidity, 

mortality and healthcare burden, particularly 
if end-stage kidney disease occurs necessi-
tating dialysis or transplantation.1 Although 
preventive measures such as optimal blood 
glucose and blood pressure control may slow 
CKD progression, direct therapies targeting 
the mechanisms that drive progressive 
renal damage have been elusive.2 Likewise, 
biomarkers that can identify those who are 
going to progress are being investigated3 but 
are yet to be validated. If identified, these 
biomarkers could be used to streamline 
recruitment into clinical trials and potentially 
guide therapies in the future.

Midkine (MK) is a 13 kDa cytokine that is 
pathologically implicated in multiple disease 
processes, including malignancy, inflamma-
tory diseases and acute and chronic kidney 
disease.4–6 MK was initially identified as an 
embryonic heparin-binding growth factor 
strongly expressed during midgestation,7 
with a key role in nephrogenesis.8 MK expres-
sion continues at low levels throughout adult-
hood, produced mainly in the renal tubular 
cells and the endothelium (resident in the 
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strengths and limitations of this study

 ► This is the first study to explore midkine (MK), 
a potential biomarker and therapeutic target in 
chronic kidney disease (CKD), in a predialysis CKD 
population.

 ► The data are collected prospectively, in a range of 
stages and diagnoses.

 ► MK assay performed by single experienced 
technician.

 ► Single-centre and predominantly Caucasian 
population limits generalisability.

 ► Due to the tight definition and infrequency of CKD 
progression in this cohort, the sample size is 
inadequate to confirm or exclude MK as a biomarker 
of progression.
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Table 1 Inclusion and exclusion criteria

Inclusion criteria (CKD) ≥18 years of age

CKD stages 1–5

Exclusion criteria (CKD) Current renal replacement therapy

Active malignancy (excluding non-
melanoma skin cancer)

Immunosuppression

Pregnancy

Heparin administration

Inclusion criteria (HV) ≥18 years of age

No prior known renal disease

Exclusion criteria (HV) Exclusions as for CKD group

Uncontrolled hypertension

Diabetes mellitus

Exclusion criteria included: malignancy due to the known elevated 
levels in this group6; immunosuppression and pregnancy due to 
unknown influences of these on MK levels; heparin therapy as MK 
is a heparin binding molecule and is known to transiently increase 
MK levels.22

CKD, chronic kidney disease; HV, healthy volunteers; MK, midkine.

glycocalyx).9 10 Serum levels in the normal population are 
generally below 1000 pg/mL.9

In relation to CKD, MK is implicated in glomerular, 
endovascular and tubular inflammatory injuries.9 11–13 
Proposed mechanisms include enhanced inflammatory 
cell recruitment via monocyte chemo attractant protein-1, 
macrophage inhibitory protein (MCP-1) and osteo-
pontin, and progressive fibrosis through activation of 
transforming growth factor beta 1 (TGF-β).11–14 Animal 
models have shown that increased intrinsic renal MK 
expression promotes inflammatory cell infiltration in 
diabetic nephropathy,12 13 ischaemia/reperfusion-in-
duced tubulointerstitial damage,11 14 and 5/6 nephrec-
tomy hypertension-induced renal damage.15 Moreover, 
renal damage was mitigated when a therapeutic anti-MK 
agent (oligonucleotide) was administered.16 Recently, 
MK has been implicated as a potential driver of some 
of the malignant6 and systemic diseases associated with 
CKD, such as hypertension,15 17 vascular disease18 19 and 
cardiac dysfunction.20 21

Human data on MK levels in kidney disorders are 
limited. There are only two publications relating to 
CKD.13 22 The first study, looking at the effect of heparin 
in serum MK levels, showed that in 20 end stage renal 
failure (ESRF) maintenance haemodialysis patients 
heparin administration increased MK levels acutely and 
transiently during dialysis, likely pulling resident glycoca-
lyceal MK into the circulation. MK levels were unchanged 
when non-heparin anticoagulation (serine protease 
inhibitor, Nafamostat) was used.22 In the second study, 
kidney biopsy tissue from nine patients with diabetes 
showed increased MK protein staining in the glomeruli 
and tubular cells when compared with healthy subjects.13 
There are four recent publications of MK in acute kidney 
injury, predominantly focusing on its potential as a 
biomarker, although in small sample sizes.23–26 However, 
due to the frequent administration of heparin22 in the 
predictable (and therefore more commonly studied) 
acute kidney injury (AKI) settings (percutaneous coro-
nary intervention, cardiopulmonary bypass and aortic 
surgery), the interpretation of these data may not be 
straightforward.

The aims of this study were to quantify MK levels in the 
serum and urine of patients with CKD, to establish any 
correlation between these levels and estimated glomerular 
filtration rate (eGFR), CKD stage, cause and progression 
and to determine any association with comorbid disease or 
medication.

MAterIAls And Methods
This is an observational cohort study performed in 
two sites within the Sunshine Coast Hospital and 
Health Service, Queensland, Australia. Participants 
who attended the renal outpatient department for an 
appointment were approached and provided informed 
consent, and the study underwent ethics committee 
(HREC/12/QRBW/56) and local governance approval.

The study population included CKD and healthy volun-
teer (HV) cohorts. Target recruitment of 200 CKD patients, 
in the absence of any available guiding data in this popula-
tion, was based on the anticipated feasible recruitment from 
our service. Serum and urine samples were simultaneously 
obtained from patients with CKD attending an outpatient 
clinic appointment as well as HV (people accompanying 
the outpatient) between April 2013 and May 2014. Partic-
ipant selection was opportunistic. Inclusion and exclusion 
criteria are shown in table 1.

Patient data collected on the day of enrolment 
included demographics (age, gender, weight, smoking 
status, blood pressure (mm Hg), comorbidities and 
medications and histological diagnosis of renal disease 
where available). Retrospective pathological data 
collected included most recent HbA1c (%) among 
patients with diabetes and fasting lipids (mg/dL). HVs 
were informed that if they were found to have protein-
uria or abnormal renal function, a consultation with 
a nephrologist would be provided, and they would be 
withdrawn from the study. If they were hypertensive, 
they would be provided with this result and to consult 
with their family practitioner.

Participants underwent venesection and provided 
a urine sample at the clinic visit. Serum creatinine 
(μmol/L) (Jaffe method) and spot urine protein:cre-
atinine ratio (PCR) (g/mol) were both measured at 
the local site on a Beckman Coulter Unicell Dxc860i 
machine. The remainder was spun, and the serum 
was stored at −70°C in a dedicated research freezer. The 
samples were then transported to a second site with expe-
rience using the commercially available MK ELISA kit 
(Cellmid, Sydney, Australia). This commercially available 
MK ELISA was validated in serum in accordance with 
accepted techniques.6 Additional validation testing of the 
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Table 2 Categorisation of CKD progression30 31

Stable No change in eGFR >15% at any time nor 
over full study duration

Marginally stable No change in eGFR >30% at any time nor 
over full study duration, or if progression, 
only occurred after the time of recruitment

Progressive Reduction in eGFR >30% over full study 
period with no increase eGFR >15% at 
any time, or commencing dialysis within 
12 months

Potentially 
progressive

Reduction in eGFR >30% over full study 
duration but increase in eGFR >15% at 
any time

CKD, chronic kidney disease; eGFR, estimated glomerular filtration 
rate.

MK ELISA kit performed by Biogenes (Berlin, Germany) 
included sample stability assessment of both a panel of 
patient sera and healthy patient serum spiked with MK 
protein. The MK ELISA kit passed this validation testing 
following several freeze–thaw cycles of samples as well 
as an extended storage of samples unfrozen at 4°C–8°C 
(see online supplementary file). With regard to urinary 
measurement, MK is rich in basic amino acid and cysteine 
residues and can thus maintain structural stability, which 
allows accurate measurements of urinary MK.25 Both 
serum MK (pg/mL) and serum C reactive protein (CRP) 
(mg/dL) were measured. CRP elevation was defined as 
CRP >5 in HV and CKD 1 and 2, and CRP >10 in stages 
3, 4 and 5.27 The CRP levels were assessed using a CRP 
Vario commercially available kit (Abbott Laboratories), 
calibrated with high sensitivity calibrators for use on the 
Architect c16000 analyser (Abbott Laboratories, Abbott 
Park, Illinois, USA).

defining cKd stage and primary diagnosis
The eGFR at recruitment was calculated using the 
CKD-EPI formula,28 and CKD severity was defined 
according to stage.29 Proteinuria was defined as a spot 
urine PCR of >30 g/mol.28 CKD primary diagnosis was 
determined clinically by the treating nephrologist, with 
kidney biopsy results, where available.

determining and defining cKd progression
An investigator blinded to the purpose of the study anal-
ysed all retrospective serum creatinine and eGFR results 
for all CKD participants from 6 to 12 months prior to 
recruitment and 6–12 months after recruitment. The 
measurements closest to 12 months before and after 
recruitment were used in the study. These results were 
obtained from both the local pathology provider and 
private providers. In Australia, all pathology laboratories 
use the Jaffe method for creatinine measurement, are 
calibrated and calculate eGFR with the same formula.29 
Participants were identified as having CKD progression 
in accordance with previous definitions used in clinical 
trial outcome measures,30 31 with additional stringency 

on fluctuation due to the potential impact of intermit-
tent/acute insults on MK levels (table 2). ‘Stable’ and 
‘progressive’ cases were then matched for eGFR (±5 mL/
min/1.73 m2), age (±10 years) and gender. ‘Marginally 
stable’ and ‘potentially progressive’ cases were excluded 
due to the potentially unreliable/unreflective MK levels 
in this group.

relationship with MK levels
Serum and urine MK levels were analysed for correla-
tion with eGFR, CKD stage, CKD cause, progressive 
CKD, comorbid diseases, medications, PCR and CRP. 
‘Fractional excretion of MK’ (FeMK)(%) was calcu-
lated according to the formula [(urine MK pg/mL × 
serum creatinine umol/L) / (urine creatinine umol/L 
× serum MK pg/mL) × 100]. FeMK was considered 
an indicator of possible postglomerular contribu-
tions of MK to the urine, through production and/
or secretion.

statistical analysis
Data were organised, and trends were reported using 
simple descriptive statistics (mean (±SD); median (IQR); 
or proportions). Prior to analysis, the data were checked 
for normality using the Shapiro-Wilk test. Depending 
on the data distribution, either an unpaired t-test for 
normally distributed data or a Mann-Whitney U test for 
non-normal data was undertaken.

Multivariate analysis was performed to identify signif-
icant associations between predictor variables and the 
outcome variables: serum MK concentration, urinary 
MK concentration and FeMK. In general, models were 
developed using techniques of backward elimination, 
and likelihood ratio testing was used between itera-
tions to validate variable deletion. Residual analysis was 
performed on the final models to check for normality 
and heteroscedasticity.

A case-matched, multivariable analysis was undertaken 
to further examine the statistical relationships between 
the stable and progressive CKD groups and the outcome 
variables outlined above.

Throughout, the level of significance was set at p<0.05.
All statistical analyses were performed using STATA 

V.14.1.

results
cohort characteristics
Two hundred and six patients with CKD and 22 HVs were 
enrolled. Results were available for 19 HVs (two had 
eGFR <60 mL/min/1.73 m2, one failed collection) and 
197 patients with CKD (nine samples either failed collec-
tion or testing). The cohort characteristics are shown in 
table 3. Primary cause of CKD was biopsy proven in 31 
(16%) patients. No HV had proteinuria.

cKd progression
Of 197 patients, 36 had progressive CKD, 55 were 
stable, 76 were unstable, and in 30, follow-up results 

https://dx.doi.org/10.1136/bmjopen-2016-014615


4 Campbell VK, et al. BMJ Open 2017;7:e014615. doi:10.1136/bmjopen-2016-014615

Open Access 

Table 3 Baseline characteristics

Variable HV CKD stages 1 and 2 CKD stages 3 and 4 CKD stage 5

Number 19 16 153 28

Age (years) (SD) 57.5 (15.5) 53.4 (15.6) 70.3 (12.3) 67.2 (12.9)

Weight (kg) (SD) 77.5 (19.6) 90.4 (18.9) 85.9 (21.1) 80.2 (11.2)

Gender (%male) 7 (35) 9 (56) 97 (63.8) 21(84)

Current smoker(%) 3 (15.8) 2 (12.5) 8 (5.3) 1 (4)

eGFR mL/min/1.73 m2 (SD) 88.4 (18.5) 74.6 (24.7) 28.8 (11.1) 10.2 (2.2)

CKD primary Diagnosis (%)

  Diabetes mellitus – 3 (18.8) 45 (29.6) 2 (7)

  Hypertension – 3 (18.8) 33 (21.6) 4 (14.3)

  Vascular – 2 (12.5) 23 (15.1) 4 (14.3)

  Glomerulonephritis – 5 (31.2) 9 (5.9) 5 (17.9)

  Reflux nephropathy – 0 8 (5.2) 5 (17.9)

  Polycystic kidney disease – 1 (6.3) 7 (4.6) 4 (14.3)

  Other – 2 (12.5) 28 (18.3) 4 (14.3)

Comorbidities (%)

  Diabetes mellitus 0 3 (18.8) 45 (29.4) 2 (7.1)

  Hypertension 5 (26.3) 3 (18) 33 (21.6)

  Cardiac disease 1 (0.05) 2 (12.5) 47 (30.7) 11 (39.3)

  Peripheral vascular disease 0 2 (12.5) 24 (15.7) 2 (7.1)

  Cerebrovascular disease 0 1 (6.3) 6 (3.9) 1 (3.6)

  Chronic lung disease 0 1 (6.3) 25 (16.3) 5 (17.9)

  Gastro-oesophageal reflux disease 4 (21) 0 42 (27.4) 5 (17.9)

  Depression 2 (0.11) 3 (18.8) 22 (14.4) 3 (10.1)

  Anxiety 2 (0.11) 0 3 (1.9) 1 (3.6)

Medications (%)

  Insulin alone 0 3 (18.8) 39 (25.7) 3 (10.7)

  Oral hypoglycaemics alone 0 4 (25) 32(21) 1 (3.6)

  Both oral hypoglycaemics/insulin 0 2 (12.5) 13 (8.5) 0

  ACE inhibitor 1 (0.05) 5 (31.3) 41 (26.9) 7 (25)

  Angiotensin II receptor blocker 4 (21) 7 (43.8) 80 (52.6) 10 (35.7)

  Angiotensin II receptor blocker/
ACE inhibitor (both)

0 1 (6.3) 5 (3.3) 0

  Other antihypertensives 3 (15.8) 4 (25) 39 (25.7) 7 (25)

  HMG CoA reductase inhibitors 3 (15.8) 10 (62.5) 110 (72.4) 14(50)

  Other lipid-lowering drugs 0 1 (6.3) 25 (16.5) 3 (10.1)

  Proteinuria (%) 0 5 (31.3) 88 (57.5) 26 (92.8)

  Elevated CRP (%) 2 (0.11) 4/15 (26.7) 12/150 (8.0) 3/27 (11.1)

HMG-CoA, 3-Hydroxy 3-methylglutyryl-CoA.
Proteinuria defined as protein:creatinine ratio >30 mg/dL.
Cardiac disease=ischaemic heart disease, congestive cardiac failure, atrial fibrillation.
Respiratory disease=chronic obstructive pulmonary disease, interstitial lung disease, asthma, obstructive sleep apnoea.
CKD, chronic kidney disease; CRP, C reactive protein (note total of 192 due to unavailable samples); eGFR, estimated glomerular filtration rate 
(measured in ml/min/1.73 m2); HV, healthy volunteers.

were unavailable. Of the 36 progressive patients, only 
15 pairs could be matched for eGFR, age and gender 
due to the high proportion of progressors being CKD 
stages 4–5.

Proteinuria and crP in patients with cKd
One hundred and nineteen of 197 (60%) had protein-
uria, 19 were >300 mg/mol, maximum 1000 mg/mol. 
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Figure 1 Relationship between serum midkine (MK) (pg/
mL) and chronic kidney disease (CKD) stage. Values >10 000 
excluded for visual purposes. Diamond=outlying results; 
shaded boxes= median andinterquartile range; whiskers=95 
and 5 percentiles; squares=mean.

Figure 2 Relationship between urine midkine (MK) (pg/
mL) and chronic kidney disease (CKD) stage. Values >10 000 
excluded for visual purposes. 

Figure 3 Relationship between serum midkine (MK) (pg/mL) 
and estimated glomerular filtration rate (eGFR) (ml/min/1.73 
m2). Values >10 000 excluded for visual purposes. CKD-EPI, 
Chronic Kidney Disease Epidemiological Collaboration.

Figure 4 Relationship between midkine (MK) (pg/mL) and 
estimated glomerular filtration rate (eGFR) (mL/min/1.73 
m2). Values >10 000 excluded for visual purposes. CKD-EPI, 
chronic kidney disease epidemiological collaboration.

Nineteen of 192 (9.9%) patients had an elevated CRP, 
nine were >15 mg/dL, maximum 62.5 mg/dL.

relationship between cKd stage/eGFr and MK
Of the 197 CKD patients, 192 patients had samples suffi-
cient to analyse urine MK, and 191 patients had samples 
sufficient to analyse serum MK. The relationship between 
MK and CKD stage and eGFR is shown in figures 1–4. The 
median serum and urine MK level in HV were 754 pg/
mL (IQR: 554–1025) and 239 pg/mL (IQR: 154–568), 
respectively. Compared with serum MK in stage 1 CKD 
(660 pg/mL, IQR: 417–893), serum MK increased in 
stage 3 (1878 pg/mL, IQR: 1188–2756; p<0.001), 4 (2768 
pg/mL, IQR: 2065–4735; p<0.001) and 5 (4816 pg/

mL, IQR: 3747–7807; p<0.001) (figure 1). Compared 
with urine MK level in stage 1 CKD (343 pg/mL, 
IQR: 147–437) urine MK increased in stage 3 (1007 pg/
mL, IQR: 465–2766; p=0.07), 4 (2961 pg/mL, IQR: 1368–
5686; p=0.005) and 5 (6722 pg/mL, IQR: 3796–10 060; 
p=0.001) (figure 2). Serum MK correlated with eGFR 
(r2=0.04), but correlation with urine MK level (r2=0.06) 
was not significant (figures 3 and 4). One hundred and 
eighty-six patients with CKD had complete sampling for 
calculation of FeMK. FeMK also increased with increasing 
CKD stage. Compared with FeMK in stage 1 CKD (0.159, 
IQR: 0.145–0.299), FeMK increased in stage 3 (1.024, 
IQR: 0.451–1.886, p=0.047), 4 (3.39, IQR: 2.10–5.82, 
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Figure 5 Relationship between fractional excretion 
of MK (FeMK) (%) and estimated glomerular filtration 
rate (eGFR) (mL/min/1.73 m2). FeMK values >300 have been 
excluded for visual purposes. 

Table 4 CKD progression and MK levels (pg/mL)

Progressive (n=36) Stable (n=54) Significance
Corrected for eGFR 
(n=15/15)

Serum MK pg/mL (mean/SD) 4747 (4886) 4289 (11 471) p=0.002 NS

Urine MK pg/mL (mean/SD) 10 799 (22 545) 3720 (7858) p=0.001 NS

FeMK 10.35 (13.41) 3.79 (5.68) p=0.0005 NS

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; MK, midkine; NS, not significant.

p=0.004) and 5 (11.95, IQR: 5.36–24.41, p<0.001) 
(figure 5), maximum 66.81%.

relationship between demographics and MK (adjusted for 
eGFr)
Multivariate analysis was carried out and eGFR (and there-
fore CKD stage) was found to be the only independently 
associated factor. That is why further relationships 
presented in the results were corrected for eGFR. For 
medications, the use of angiotensin blockade (ACE inhib-
itors (ACE-I) or angiotensin II receptor blocker (ARB)), 
was negatively correlated with urine (p=0.018) and FeMK 
(p=0.025). This correlation remained when corrected for 
PCR (p=0.03). There was no correlation with any other 
medications. When the data were adjusted for eGFR, no 
correlation was found between serum (p=0.64) or urine 
(p=0.23), MK and PCR; however, there was a positive 
correlation with FeMK (p=0.003).

relationship between progressive cKd and MK (adjusted for 
eGFr)
There was no relationship between CKD progression 
and MK levels in serum and urine nor FeMK (once case-
matched for eGFR) (n=15 progressive, 15 stable) (table 4).

dIscussIon
In this clinical cohort of CKD patients, serum and urine 
MK levels significantly increased sequentially from CKD 
stages 3–5, with both serum and urine levels 10 times 
higher than the HVs or that previously described in the 
normal population.9 There was no significant relation-
ship between MK and either diagnostic category or CKD 
progression in this cohort, but the sample size was under-
powered for these outcomes.

There are a number of possible explanations for the 
positive relationship between MK levels and CKD stage. 
These include potential contributions from altered renal 
clearance, increased intrinsic renal tubular production 
and CKD itself being a proinflammatory state.

First, we must consider the effect of renal clearance 
on MK levels. It remains unclear as to whether MK 
(13 kDa protein) circulates free (filterable) in the setting 
of CKD or protein bound (unfilterable). Hayashi and 
colleagues25 suggest that MK is protein bound in the 
circulation and therefore not filtered, although based on 
the work by Weckbach,10 it would seem that this protein 
binding may be adherent to the glycocalyx (immobilised 
and inaccessible to the assay) rather than to circulating 
proteins. If this were the case, then the measured serum 
MK levels could represent soluble ‘free’ levels (as it moves 
in and out of the glycocalyx), capable of being filtered 
through the glomerulus. This could explain the rapid but 
transient increase in serum MK levels seen with heparin 
(high affinity) administration in ischaemic heart disease 
patients and in normal HVs.22 In patients post-percuta-
neous coronary intervention, abdominal aortic aneu-
rysm repair or cardiopulmonary bypass, where MK as a 
biomarker is also being explored, circulating MK levels 
may not only be influenced by heparin administration 
but by the physical effects of glycocalyceal disturbance 
associated with reperfusion.23–26

If MK is indeed filtered, it would be expected that MK 
filtration would decrease (glomerular loss) and excre-
tion would increase (proximal tubular failure) as nephron 
mass is lost. There is no direct data for MK as there are 
for other similarly sized proteins,32 so the exact quantifi-
cation of ‘expected’ MK excretion variations in response 
to falling clearance has not been established. However, 
the observed wide variation in levels and the high FeMK 
in some (up to 60%) raises the possibility that MK levels 
in patients with CKD are influenced by more than just 
clearance alone.
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Second, increased systemic or intrinsic renal produc-
tion in the setting of CKD are both possible. This is consis-
tent with animal studies showing that MK production in 
the renal tubules is increased in streptozotocin-induced 
diabetic nephropathy and the increased MK found histo-
logically in the tubules of human diabetic kidney biop-
sies.13 This could also explain the unexpectedly normal 
predialysis (baseline) serum MK levels reported in 
the aforementioned haemodialysis study.22 One might 
expect, if MK is renally cleared, that predialysis levels 
would be high, but they were <1000 pg/mL in that study, 
equivalent to HVs. One explanation for this could be 
that this cohort had been on dialysis for 9.2±3.5 years22, 
and the residual renal tissue had few functional tubule 
cells capable of producing MK protein. The fact that dial-
ysis patient serum MK levels still peaked in response to 
heparin22 suggests that the MK bound in the glycocalyx 
adjacent to the endothelium remains present and mobil-
isable. The absence of urine MK elevation immediately 
postcardiac bypass (despite increases in measured serum 
levels)24 may also be attributable to heparin binding in 
this cohort.

Third, MK is known to be associated with inflammation, 
but few patients with elevated MK levels had an increased 
CRP, suggesting the elevated MK was not simply due to 
systemic inflammation.

In fact, the reason for elevated MK levels in CKD is 
likely multifactorial, with uraemia perhaps causing 
chronic glycocalyceal disturbance, increased production 
and decreased clearance. Regardless of the aetiology, it 
does appear that patients with CKD are exposed to supra-
physiological levels of MK in both serum and urine. This 
chronic exposure to high MK levels may be relevant in 
light of recent studies supporting a pathological role of 
MK in a number of the systemic diseases associated with 
CKD. MK has been implicated as a potential driver of 
progressive kidney damage and CKD-associated hyper-
tension,15 17 vascular disease18 19 and cardiac dysfunc-
tion.20 21 With MK known to be associated with cancer 
promotion,4 it could be speculated that the chronically 
high urinary levels may contribute to the increased inci-
dence of urothelial malignancy seen in patients with 
CKD.6 33

Preliminary analysis of the data suggested a relation-
ship between both serum and urine MK and progressive 
CKD but was confounded by the increased risk/rate of 
progression with decreased eGFR. This resulted in limited 
numbers for comparison. A validation cohort would be 
necessary to exclude or confirm this.

There was no independent relationship found between 
diagnostic category and MK levels, although this study 
had inadequate power to be conclusive. This may seem 
unexpected when considering the different pathological 
processes of glomerular, vascular and tubular injuries. 
However, with the higher MK levels seen at later stages of 
CKD, it is possible that if MK plays a pathogenic role, it is 
late, when the common pathway of fibrosis and scarring 
becomes a major contributor.34

Although the observation of increased FeMK with 
increasing proteinuria is not surprising, the finding that 
angiotensin blockade is associated with both lower urine 
MK levels and FeMK, even after correction for protein-
uria, is of interest. Proteinuria is associated with chronic 
and progressive tubulointerstitial damage in CKD, and 
although a number of mechanisms for this have been 
identified, the processes are not fully understood.35 36 
The proinflammatory and fibrotic effects of a chronically 
elevated intrarenal and/or urinary MK level may be one 
mechanism by which proteinuria drives progressive renal 
damage, with MK shown as being upstream from the estab-
lished drivers (chemokines such as MCP-1, macrophage 
infiltration, TGF-β, osteopontin) of induced injury.11–13 
This association with angiotensin blockade (ACE-I/ARB) 
was of particular interest in light of the study by Hobo and 
colleagues.15 In a hypertensive 5/6 nephrectomy animal 
model, they showed that MK upregulates the renin-angio-
tensin system (RAS) and that blocking MK downregulates 
the RAS and reduces renal consequences. It is accepted 
that RAS stimulation in CKD contributes to CKD-associ-
ated hypertension and that blockade confers renal protec-
tion, with reduction in proteinuria and GFR loss.35–37 The 
observation that angiotensin blockade is associated with 
both lower urine MK levels, and FeMK does not prove a 
causal relationship, but in patients with CKD raises MK as 
a potential mechanism by which renal protection occurs 
with ACE-I or ARBs.

study limitations
This is a single health service, single timepoint observa-
tional study, and the population is primarily Caucasian, 
which must be considered in respect to generalisability.

All MK measurements were done using an ELISA assay. 
Although the Cellmid assay has a validation profile with a 
strong affinity to detect the presence of the MK protein, 
we cannot confirm whether the assay is detecting free 
protein, active protein or potentially inactive fragments. 
Assay accuracy in urine is still being validated, but as MK 
is rich in basic amino acid and cysteine residues, it is 
likely to maintain structural stability, which allows accu-
rate measurements of urinary MK.25 The assay, however, 
does not distinguish between that filtered from the serum 
and that produced de novo by the renal tissue. This is an 
important distinction to make, as explained above, with 
de novo production perhaps representing a response to, 
driver of, or marker of progressive injury. Quantification 
of this ‘intra-renal MK activity’ may be more relevant but 
beyond the ability of an ELISA test. FeMK is also a novel 
and unvalidated parameter in MK measurement, and 
assumptions have been made based on data available for 
lysozyme, which is of equivalent size. Other differences in 
kinetics must be considered.32

Although the nephrology clinic setting of this cohort 
offers advantages regarding ‘bench to bedside’ intro-
duction of biomarkers, it does introduce complexities. 
Kidney biopsy tissue would have been helpful to elucidate 
the cellular origin of the MK in the urine, but additional 
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tests when not clinically indicated would have been inap-
propriate and/or greatly compromised recruitment. 
Non-invasive indicators (messenger RNA, exosomes) 
may be helpful in the future. The PCR was measured in 
urine collected at the clinic, and so was not always an early 
morning sample, which must be considered when inter-
preting the results. However, using 24-hour collections, 
or separating sampling from the clinic visit (ie, the next 
morning), would not have been feasible.

A relationship between MK and progressive CKD would 
have supported the concept of MK as either a biomarker 
or a direct nephrotoxin; however, patient numbers were 
limited once the strict criteria were applied. It was striking 
to see how few patients met these criteria and lead us to 
ponder the impact this may have on clinical trial outcome 
measures. Likewise, the current study was underpowered 
to confirm homogeneity of MK levels across diagnostic 
categories. The lack of a biopsy-proven diagnosis could 
be criticised; however, in the Australian end stage kidney 
disease (ESKD) population recorded by ANZDATA,38 
the frequency of biopsy diagnosis is 75% of glomerulo-
nephritis and 15% of non-glomerulonephritis, consistent 
with our biopsy diagnosis rate of 16%.

conclusIon
This is the first study to analyse MK levels in a CKD popu-
lation and reveals that serum and urine MK levels become 
higher with increasing CKD stage, more than 10-fold by 
CKD 5. The source of these high levels is at least in part 
related to clearance, although there is also support for 
increased renal tubular production in the CKD setting. 
The impact of chronic systemic exposure to these supra-
physiological levels is yet to be established, but increasing 
animal data suggest this may be systemically significant, 
and the relationship with RAS blockade and proteinuria 
supports the possibility of MK being a driver in the final 
converging pathological stages of CKD. More research 
is required to explore MK’s role in the progression and 
systemic consequences of CKD and its potential as a 
biomarker and therapeutic target.
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