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ABBREVIATIONS:

1w 1 week postransplantation

12w 12 weeks pogtansplantation

52w 52 weeks pogtansplantation

Alb serum albumin

CKD chronic kidng disease

CKD-MBD " chronic kidney disease mineral and bone disorder
CMV cytomegalovirus

CNI calcineurin inhibitors

DGF delayed graft function

eGFR estimated glomerular filtration rate
ESRD end stage renal disease

FGF23 fibroblast growth factor -23

Hb hemoglobin

IFGF23 intact FGF23

IL-2 interleukin2

IQR interquartile range

KTRs kidney transplant recipients

Ln naturally logtransformed
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PTH parathyroid hormone

sCa serum calcium

sCr serum creatinine (sCr)
SD standard deviation

sKi soluble Kotho

sPi serum phosphate
ABSTRACT:

Background: Klotho is predominantly expressed time kidney andreported tchave

anti-oxidant and antfibrotic properties. Solubl&lotho (sKIl), the circulating protein
cleaved from membranaound Klotho,is reduced significantlyvith kidney disease
and inversely associated with mortality. skl hast been thoroughlyevaluated

prospegtively after kidney transplantation.

Methods: Incident kdney transplant recipien{&TRs) were prospectively evaluated
pre-transplantation, Week 12weeks and 52veeks posttransplantation. 8sic
biochemistry skl and intactFGF23was measuredVithin-subject comparisons were
evaluated using epeatmeasure ANOVA or Friedman’s analysis Effects of
immunosuppression anddahemical parameters on s&hd FGF23 over time were

analysed using mixed effects modelling.

Results, Median grum creatinine @r) at Iweekwas 116 (92142umol/L and &
52-weeks. alll 29 KTRs had a functioning graft with median sCr of 111- (97
131 umel/mCompared with baselinesKl was increasd at 52-weeksfollowing an
initial decline at iweek (p<0.005 and p<0.0Xespectively) while FGF23 was
considerably reduced at 52 wedks0.001).In a mixed effects model, an increased
sKl was*not associated witlieduction in  immunosuppressionor evaluated

biochemical parameters

Conclusions: Modestincrease irsKl is observed ongearpost kidney transplantation

with exellent early grat function suggestingfactors beyond renal capacityay
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influence circulating sKI FGF23 normalisation was observed Longerterm
evaluation in transplantation, specifically addressinthe effects of
immunosuppression, iequiredto understandhe pathophysiology othe skKI/FGF23
axis andpotentialfor modification

BACKGROUND

Kidney' transplantation remains tlieatment of choice for patients wigndstage

renal disease (ESRDPgontributing tobetter survival and improvement quality of
life.(1)gKidney transplantation significantly improves, and oftesolves, some
complicationsof chronic kidney disease (CKD) such asemia and hyperkalemia
However, biachemical parameters ahineral metabolisntan remain impairedn
kidneys" transplant recipients (KTRs) withpersistent hyperparathyroidism,

hypercalcemia and hypophosphateotiserved asommon problems.(2)

Abnormalities of nmeral metabolismarealmost universal complicatisrof CKD and
are associated with bone disease, vascular calcification, accelerated atherosclerosis
and excess.cardiovasculanorbidity. These associations an®w better appreciated
within the ‘entity'‘Chronic Kidney Dsease MineralBone Disorder(CKD-MBD).(3)
While changes tcserum phosphate levels are a hallmark advancedCKD and
ESRD, evaluation of the recently discovered fibroblast growth f23d¢FGF23) and
soluble Klotho(sKl) haveprovided insight into changes that ocenuch earlierin
CKD. Markedly elevatedFGF23 levels havebeen consistently reported with
progressivedecline in kichey function and increasdevels havealso been linearly
correlated with increased mortalitgcross all stages of CKDndependent of
traditional vascular risk facto(d-8) Conversely, aeduction in sKlis observed with
kidney“dysfunctiof®) and aninversecorrehtion between sKI levelsvith mortality

has been.reportgd0)

Determiningthe impact of kidney transplantation threse newebiomarkersof CKD-
MBD _will“furtherthe understandingf this disordeywith the potential foidentifying
targets tamproveoutcomes in kidney transplantatidfiGF23 decreases dramatically
in the early postransplantation period arsfudiesdemonstrate further decline by 12
months to similar levels observed in CKD patiemtstched for estimated glomerular
filtration rate (eGFR)11-14) There is a paucity of dgthowevergevaluating changes

in sKI following kidney transplantation. One smaltospectivestudy reporte&l no
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significant change in KTRs aftefive days(15)while three crossectional studies

reporedconflicting resultsn longterm KTRs(16-18)

The kidneys are considered a major reeuof circulating sK(19, 20)a protein
thoughttorhave renal and extranal effects beyond phosphate metaboilisaiuding
ion channel: signalling activity,anti-oxidative and antifibrotic propertieq21)
However, a rise in sKllevels has not been convincinglghown in renal
transplantatiorand, b our knowledgethere hae beenno prospective studies beyond
the first weekevaluatng sKl in incident KTRs. We hypothesid¢hatan increase in
sKI may. occur followingkidney transplantation arttiereforeevaluatedsKl levels in

incidentKTRS over the firstl2 monthdollowing transplantation.

Patients and M ethods

Study Population

Cohortsfrom two multicente, prospective studies involving incident KTRs, which
had completed recruitment in Victoria, Australia, were studied for chang&$ post
transplantation. Both studies evaluated identical 4pmiats following kidney
transplantationA post hocanalysis was conducted using stored serum samples from
incident _KTRs, above the age of 18 years, recruited from various Victorian
nephrology units involved in these two studi&xclusion criteria included active
cardiovascular disease, maligieg, chronic infection, inflammatory disease,
psychological or medical iliness precluding informszhsentand lack of baseline
sample for comparisonSudies were approved bipocal human research ethics

committeesand conducted in accordance with the Beation of Helsinki.

Data Collection, Sample Collections, and Biochemical Analysis

General*demographic information, disease etiolagg pretransplantation history
were collected for all study participant?ost transplantation management and
immunesuppression monitoring was strictly undertaken by individual treating units or
physicians;,according to hospital specific protocols without input from research
personnel. Immunosuppression doses and drug levels at studypdint® were

documented.
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Participants were sampled at baseline {pamsplantation)l week (1w), 12 weeks
(12w) and 52 weeks (52w) pesansplantation Routine biochemistry, including
hemoglobin (Hb), serum calcium (sCa), phosphate (sPi), aloumin (Alb) and creatini
(sCr) were performed at all timgoints throughrespective onsite pathology
laboratoriesieGFR was calculated using the € equatior(22) Additional blood
samples were collected, processed and aliquoted for stora§é°@ét until batched
analysis.Serum sKl concentrations were measured using the IBL soluble klotho
ELISAkit (ImmunoBiological Laboratories Co., Ltd., Gunma, Japan) according to
the manufacturer’s protocol. Based on litgie measurements, the inwasay and
inter-assay CVs for this study weB6% and<5% respectivelylntact FGF23 was
assayed using the Kainos intact FGF23 assay (Kainos Laboratories, Tokyo, Japan)
where intraassay and intesssay CVs were 4.1% and 7féspectively. Intact
parathyroid hormone (PTHyas evaluated at baseline andvs5@nhile 25-hydroxy

vitamin D levels were assessed at baseline only.

StatisticalAnalysis

Continueus_ variables have been reported using mean and standard deviation (SD) or
median and interquartile range (IQR) as appropriate, while categorical variables have
been summarized using frequency and percent&géhin-subject bangesin
measurd paraneters over timewere evaluated using Friedman test with Dunn’s
multiple comparisons fomonsnormally distributedvalues and repeat measures
ANOVA for normally distributed/alues.

Non-normally distributedvariables were natural letgansformed (Ln) for mixed
effectsmodel analyses. Mixadfects models were used to assess the temporal
associations’ between parametdfastly, the effect of improved renal function,
variations=in®(Ln)sKI,(Ln)iFGF-23 andcalaum on the change iphosphate levels
was analyed. Subsequently separate analyses were undertaken to dEseffedt of
improved eGFR, alterations inserum phosphate and calcium, aodanges in
immunosuppression ogither (Ln)sKl levels ofLn)iIFGF23 across timepoints. All
mixed-effects model analyses were perfornatjusting for age as an independent
linear covariate andllowing for the random effect of management dijferent
nephrology unitsAll statistical analyses were performed with SPSS Sizi¥ersion
24.0 (IBM Corp., Armonk, NY, USA). Graphics were created with GraphPad Prism 6
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for Macintosh (La Jolla, CA, USA)P-value of <0.05 was considered significant

unless otherwise stated.

RESULTS

Study-patients and immunosuppression

Thirty-four incident KTRs were recruited. Four did not complete salidy time-
points."One patient was diagnosed with EpsBamr virusassociategbost transplant
lymphaproliferative disorder necessitating withdrawal of immunosuppression at 10
months_following kidng transplantation hence, was excluded from further analysis.
A totalef 29 KTRs were included fdimal study analysis. Seventeen (58.6%) were
male. Medianage (and inter-quartile range IRR]) of participants wal9 (3555)
years. Demographic information and biochemical profile of study participants are
displayed in'Table 1. In the cohort evaluated, 89.6% (n=26) of kidney transplants
were from a living donor. Two of three deceased dd€DRs were complicated by
delayed graftfunction (DGF). No living-donor kidney allografhad DGF. Median
(IQR) sCratbaseline and 1w postansplantatiorwas 638 (537722) and116 (92

142) umel/L,respectively. At 52w, all 29 KTRs had a functioning graft with a median
(IQR)sCrof111 (97-31) umol/L.

I mmunosuppression effects

All KTRs receivedinterleukin2 (IL-2) antagonist induction therapgnd traditional

triple agent immunosuppressioicluding calcineurin inhibitor, anproliferative

agent @ndcorticosteroid Two different types of calcineurin inhibito(&NI) were

used, wenty-five (86%)of KTRstreated with tacrolimus while four were treated with
cyclosporine.KTRs were managed at respective treating units withspieeific
immunosuppressioprotocols, although the overriding management principles were
comparablerwith similar pharmacological choices, drug availability and reduction in
immunesuppression over the first 12 months. Mycophenolate levels (area under the
curve)were na routinely peformed at allinstitutions andhus not recorded for the
purposes of.this study. Average prednisolone dose, mycophenolate dose and CNI drug
levels have been tabulated in Table Pedpisolonedoses decreased over the 12
months following transplantation wai mycophenolate doses were reduced at 12w

compared to initial dosewith no significant reduction between 12w and 52w.
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Meanwhile, CNI levels were lower at 52w compared to 1w and 12w with no

difference between 1w and 12w.

Twelve episodes of rejection glevenKTRs were recorded in this cohort over 52w.
Four KTRs"experienced allograft rejection within the first month treated successfully
with in€reased immunosuppression. No further episodes were observed within the
remaining 52w in this earlyejectiongroup although two subsequentlyvere
diagnosedwith cytomegalovirus (CMV) viremiaSubclinical cellular rejection was
identified on routine protocol biopsies in six other KTR&ur at 12w and twat

52w. These’ episodes were treated with increased owvemallinosuppression and
close monitoringIn another recipient, acute cellular rejection was diagnosed at six
months  postransplantation and treated with increased corticosteroid therapy.
Antibody-mediated rejection was diagnosed three months, la¢eessitating further
immunosuppression with increaseanti-proliferative doage in combination with
plasma.exchange therapy. This recipient maintastaflle renakllograft function

(sCr 97umel/L) at 52w despite theerejection episodes.

Over the 52w period, eight (27.6%) KTRs developed complications of- over
immunosuppression with one case of 1specific marrow suppression, one case of
parvovirus infection, four cases of BK viremia and two cases of CMV viremia
(alreadymentionedabove). All affected KRs had immunosuppression reduced either
with reduction of mycophenolate and/or change in CNI from tacrolimus to

cyclosporine.

Mineral parameters after transplantation

At 1w posttransplant, median (IQR) eGFR and sCr we8.2 (46.587.4)
mL/min/2:78nf and 113 (92142) umol/L (p<0.001 compared with baseline). Renal
functionsremained stable with similar eGFR and sCr levels at 62w [(50.571.6)
mL/min/773nf and 111 (97:31) umol/L, Figure 1].

Baseline sCa levels were within the normal rangerensignificant changever time
was detected(Figure 2a) Mean sPi was mildly elevated at baseline (1£7/8.5
mmol/L), with normalisation by 1w (p<0.0001 compared with baselisgdtainedat
both 12w and 52w (Figure 2b).
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SerumsKI levelsin KTRs across evaluated tim@oints are depicted in Figure.3A
significant reductiorin sKl is demonstrateat 1w following kidney transplantation
compared to baselin@73 [246-343)vs 307[279-460] pg/mL, p=0.0068prior to a
gradual~inerease in levelever the subsequent 11 months witavels at 52w
significantly “higher than baseline4q0 [311-525] vs 307 [279-460] pg/mL,

p=0.0015. Percentage change over time from baseline is showigure 3b.

KTRs treated with cyclosporine demonstrated lower sKIl lef@1& [273-315)s 486
[362-561] pg/mL, p=0.016) an trend towards smaller percentage change in sKi
levels (#+6% ws +28%, p=0.08) at 52w comparedKTRs treated with tacrolimus
(Figure &) No other discrepancies were noted betwgmatients treated with

cyclosporine or tacrolimus.

No differences were noted in sKl levels KTRs who exhibited evidence adny
kidney allograft rejection compared to those who did(Raure ). Similarly, there
wasno'detectable difference 8Kl levels inpatientswho developed complications of
over-immunosupprason compared to the rest of the cohort at 12w and F2guie
40).

Significantly elevated baselineiFGF23 levels, 2060 (825075 pg/mL, showed a
dramaticreduction at 1w, 14454-351) pg/mL (p <0.0001). Tiselevelscontinued to
decline in a more gradual fashion thereafter where meéB@R23 levels at 52w were
64 (3488) pg/mL (p<0.0001 vs baselines(014vs 1w, p=0.76vs 12w, Figure b
However, at52w more than 30% of theohort (n=10) continued to havEGF23
levels.above70pg/mL and more than 10% (n=4) still had levels over 100pg/mL.

Associatienswith change in klotho

Utilising7a mixedeffects model allowing for random effects as specified, changes in
eGFR sCawand (Ln)iFGR3 were significantly associated with the change seen in sPi
over the 4 timepoints evaluatedA change of-0.0034 ml/min/1.73min eGFR
(p=0.036) and-0.45 mmol/L sCa (p=0.011) while0.08 in (Ln)iFGF23 (p=0.001)
was noted per unit change in sPi over tithge and (Ln)sKI did not contribute to

changes irsPi.
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Improvement in eGFR and sCa was significantly associated with changes in
(Ln)iFGF23. A change 0f0.014 ml/min/1.73rh in eGFR (p=0.011) and +2.18
mmol/L sCa (p=0.002) was noted per unit change in (Ln)iFGF23 over t\edher
normalization of sPinor changes in (Ln)skl wereassociated with change in
(Ln)iFGF23.

sKl levels are reported to be associated with age arad femction, however mixed
effects modellingshowedincreases in sKl over the 4f8onth postransplant course
were net_associated with any of the following fixed variables; renal function,
(Ln)iIFGF23;.sPi, sCa, prednisolone dose, mycophenolate dose ortypallafter
adjusting for ageRepeating the analysis evaluating only eGFR, (Ln)H23FsPi,

sCa, and age did not show any impact on (Ln)sKl over 12 months either.

DISCUSSION

To our knewledge, this is the first studypoospectivelyevaluate sKin KTRs over

the firstyyear post kidnegransplantationWe reportthat sKl levels demonstratean
initial reduction within tle acute pospperative phase followed laygradual increase
with the_highest levels exhibited at 52w ptrsinsplant compared withaseline pre
transplant levels This finding supports our initial hypothesis. No significant
association was noted between reduction of immunosuppressiprovement in

renal function or change in iIFGE3 with the increase detected in sKiI.

As hypothesizé, sKl levels increask following kidney transplantation although
interestinglythis was onlyobserved ab2w. While two KTRshadDGF, the majority
(>85%)oof the study cohort achieve@dcceptableenalallograftfunction at 1w, where
sCr was*<150 umol/L. Furthermore, renal function remained stable for the duration
of the istudybetween 1w and 52wAs kidneys are considereda major source of
circulating klothg20) and correlatios between klotho (both membrane and soluble
levels) witheGFRhave been reportg@3) an increase in skl levellowing renal
transplantationvas not unexpected. However, in the context of stable kidney function
achieved by 1lwthis increasavas anticipateearlier, perhaps by 12Wot only was

this not observeth our studybut ~15% decrease in skl was noted in the acute post
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operative periodwhich suggests othemechanismdanvolved in theregulation of

circulating sKil levels.

The initial decline in sKl levels observed within the acute -ppstrative periods
likely*muiltifactorial Firstly, there may bea dilutional effect a&kTRs are commonly
administered a significant volume of fluid during tpsriod Secondly, rany acute
phase "proteins altesignificantly in the first 2448 hours post major surgery as a
response to trauma and tissue inj(#%) and mayputatively impact cleavage and
production ,of sKl.Thirdly, althoughHu et al. have recently demonstrated in animal
models.the fundamental role of kidneys in klotho metabolism, both as a source of
klotho and a site of regulation determining cleavage and circulation gP8kihere
are many facets of this pathway and regulatory process that aftdiynainderstood
includingthe time course in which it occurs in humaas well asvhat and how other
factors, such as physiological stress or pharmacological bQurdawy influence

circulatingsKIl levels.

Furthermare, kidney allografts particularly renal tubules are subject to a period of
rapid, intense physiological changes in the early -pastsplantation period
contributing to potential isosthenuria, tubular dysfun¢@éhand abnormal urinary
rhythm,(26)albeit reversible irthe majority of cases. As the predominant source of
sKl,(20) this transient tubular disruption may contribute to the decline observed in
circulating sKI levels atw. Finally, the first week following renal transplantation is a
period| of heavy immunosuppression with hise corticosteroid therapy
immediately  folbwing induction therapy, in this case -ZL inhibition.
Immunesuppression may potentially contribute to lower sKl levelsvagiost kidney
transplantation and certainly plausible links have been reported between
immunosuppressive agents and lower klothoresgion in experimental models.

Howeverythis hypothesis requires further exploration of causal mechanisms.

While nostatistically significant association was found between reduction in
immunosuppression and increment in sKl in this small study, a tnidwer sKi

levels in those treated with cyclosporine was notable. The unequal distribfition o
KTRs treated with the two different CNIs is a limitation to interpretation of this

finding though animal cyclosporine nephropathy mq@&29) support the
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plausibility of lower klotho expression while cyclosporine use in experimsotal
organ transplant models has also been shown to reduce ADAM17 exp(&83ian,
klotho cleavage enzym@1) Takentogether, thepotential causal relationships and
mechanisms between types and intensity of immunosuppression with klotho

expressionrand metabolism may warrant further investigation.

FGF23 levels declined post renal transplantation, as repgredously,(11-14)
thoughgat 52w a proportion of these patients still had levels géfp A global
IFGF23_reference range has not been adopted in view of the various commercial
assays,available and lack of direct comparison between (8%2m33) However,
normalshealthy volunteer mean (£SD) iIFGF23 levelagitie sameassayused here

have been 'reported at 42 + 9.9 pg/(BR) suggesting levels above -GBpg/mL lie
beyond the 2SD limit.

There is currently ro available dataon klotho expression or regulation in
experimental’ models of kidney transplantatimn aid interpretation obur study
findings, There are a total of foysublishedstudies in KTRs evaluating sKI levels
(Table4).(15-18) One small study of 10 KTRs documented a-smmificant trend to
lower sKlevels in the first five days following surgdtb) The other liree cross
sectional studies report conflicting results in KTRs evaluatedmedian time d3-18
years following renal transplantation when compared weigfematched healthy
volunteers.One study of 84 KTRs at a median of 3 years follgwreported lower
sKl levelg16) while another study of 39 KTRswith a median time since
transplantation of 18 year®bserved nosignificant lower sKl level§l7) when
compared to healthy volunteers. This is in direct contrast to 117 KiERessed at a
median.time’of 5 years following transplantatisrimo were observed to have higher
sKI levels than healthy voluntegis8) Of note, he latter study was the onlgeport
using a=different skl assay in the context of known analytical differenioces
commercially available assq$4) that have not yet been subjected to international
standardisationlhus the latter report of higher sKl in KTRs is inconsistent with other

reports, and may reflect differences in assay performance.

Our studyis importantand add to the undetanding of mineral metabolism @KD

and kidney transplantationThe modest increment in KTRs when followed
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prospectively after kidney transplantatistnengthenghe concept of the kidney as a
source of circulating klothoConcurrent evaluatiorof renal function and othr
biochemical parameters alloweddr an assessment dhe possible relationship
between theseariablesand sKl. Despite earhdlograft function andsignificant flux
in serum*phosphate levals this cohort of predominantly livingonor KTRs, a rise
in skl was only evidentby 52w in our studyOur findings are consistent with the
shortterm studyinvolving KTRs assessed in the fifite days postransplan{l5)
and supporthe plausible notion of lower sKl in KTRis the longer termwhen
compared to agmatched healthy controlseen in other studig46, 17) Moreover,
our studysuggestghat renal function is not the only determinantcirculating sKiI

levels.

Limitations of our study include an absena# an agemathed healthy volunteer
control groupfollowed at the same timgoints assessing the same parametedihe

lack oftcontemporaneous evaluation @her specific mineral metabolism markers
such asi;25 dihydroxycholecalciferol, and urinary sampfes tubular function
assessmemr urinary skl The KTRs assessed in this stutyweverremained their
own'controls'in a repeabeasure statistical analysis gmovide justified comparison

Of note, a.separate cohort of healthy volunteers gohilar age) has been shown to
have minimal change in sKl levels over a 52w periSd Tan,manuscmpt under
review_ elsewhede PTH values at all tim@oints would have strengthened the multi
variable mixeeeffect analysis though it is likely sCa levels performed as a surrogate,
given its significant associations with changes in sPi and iE&Hespite dck of
change _in_sCa over time. Lastly, urinary samples, urinary phosphate (and
biochemical) measurements and klotho levels would have a) aided interpretation of
sKl levels. offering insight into degradation and metabolism of sKl and b) permitted a

more intense interrogation of tubular function during the study.

CONCLUSION

In summary, we concludthat skl levels increase followingidney transplantation

although changes are modest compared to more significgmbvements in renal
function and iIFGR23 levels. Furthermore, sKl increase was only observedymsad

post transplantation, in contrast to the early changes in-EGkevels and renal
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function in this cohort of predominantly living kidney allograftipents. Taking into
consideration the positive associations reported between sKI with survival,-longer
term studies dedicated to assessing cardiovascular and mortality outcomes as well as
other CKDMBD parameters such as bone health should be undetaleessess the

temporalrelationship with skl in renal transplantation.

L egendifor Figures.

Figure 1. Renal function improves with kidney transplantation characteriz&yldoy
reduction in.serum creatinine and B) an increase in eGFR. ***p<0.001 compared to

baseliné.

Figure 2.A) Reduction in serum phosphate occursile B) no change is seen in
serum calcium levels following kidney transplantation. ***p<0.001 compared to

baseline.

Figure 3.A)ssKI levels decrease atweekbefore a rise ab2-weeks B) Percentage
change.(Median, IQR) of sKl levels frobmaselineplotted. **p<0.01 compared to

baseline/5<0.001 compared to 1-week.

Figure 4.sKl levels over the study period were stratified according to A) calcineurin
inhibitor type — those on tacrolimus showed a trend to higher levelS2atveeks
compared-to:those on cyclosporine, B) episodes of rejection and C) episodes of over

immunosuppreson. The latter two events did not seem to affect overall sKl levels.
Figure 5. A'substantial reduction in iFGF-23 levels was observed in the acute post-

transplantation period. ***p<0.001 compared to basefipe).05 compared to 1-

weeks

L egend for Tables.
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Tablel. Baseline demographic of study participants (n=29).

Table2. Immunosuppression doses and calcineurin inhibitor levels (n=29).

Table8."Change in mineral metabolism parameters subsequent to kidney

transplantation (n=29).

Table4s Summary of key findings in published studies evaluating soluble-klotho

(sKl) in kidney transplant recipients (KTRS).

Table 1. Baseline demogr aphic of study participants (n=29).

Clinical Characteristics Value
Ag% 49 (35-55)
Gender (maleh (%) 17 (59%)
Body‘massindex (BMI), kg/nf 255+ 4.4

Kidney disease etiology

Glomerulonephritis 11 (38%)
Diabetiechephropathy 0
Vasculardisease 2 (7%)
Polycystic kidney thease 6 (21%)
Reflux.nephropathy/Congenitailsgase 3 (10%)
Tubulointerstitial Disease 2 (7%)
Other/Unknown 5 (17%)
Kidney transplant type
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Dialysismodality (pre-transplantation)

- PMDialysis 3

- Ho odialysis 3
- Sgt emodialysis 12
- PreMe Transplant/No prior dialysis 11

Biocm Parameters

Serum calcium (sCajmmol/L 2.40 +£0.18

638 (537-722)

21.7 (13.2-33.7)

s-Klotho, pg/mL 307 (279-460)

Normall!!uted grigbles presented as mean * $Bnrnormally distributedrariables presented
as medig EIQR).

=
<
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Table 2. Mean level of immunosuppression (n=29).

I mmunosuppression 1-week 12-weeks 52-weeks

Prednisolene

(mean daily dose, mg)

27.9+3.5 11.2+3.8 SENINCEE

Mycophenolate

: 2017 £ 211 1278 £ 585 1000 £ 500
(mean daily dose, mg)
Tacrolimu
7.2 (6.4-8.6) 7.65 (5.9-9.3) 5.3 (4.5-6.4}°
(mean level, ng/mL)
Cyclosporine
(median 2h post dose level, 1315 (1100-1605) 737 (658-859) 459 (162-715)

ng/mL)

"25 (86%) study participants were treated wéttrolimus and 4 (14%) on cyclosporine.

"All patients were on 5mg prednisolone daily except two.

Data presented, as Mean + SD or Median (IQR). Friedmannm#stDunn’s multiple comparisons
performed fomon-normally distributedvalues and repeat measufdsOVA performed fornormally
distributedvalues.

2p<0.005,compared with-week ”p<0.005 compared with?lweek “p<0.05 compared with2tweek.

Table 3. Change in mineral metabolism parameter s subsequent to kidney

transplantation (n=29).

Parameter Basdline 1-week 12-weeks 52-weeks

erloth%o, /mL 307 (279-460) 273 (246-343) 352 (286-417) 460 (311-525)°

i-FGF-23, pg/mL 2060 (825- 144 (54-351) 71 (46-122) 64 (34-88}°
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5075)

Ser ium 2.40+0.18 2.37+0.20 2.46 +£0.13 2.44 +0.13

Serunwcréatinine 638 (537-722) 113 (92-142) 112 (99-130) 111 (97-131)
(SCr{ umol/L

intact mol/L 21.7 n/a n/a 7.2
(13.2-33.7) (3.9-11.3§
Data as Mean + SD or Median (IQR). Friedmamwi&stDunn’s multiple comparisons

performed fomonnormally distributedvalues and repeat measures ANOVA performechmally

distribut&alues.

4p<0.005_cempared with baselirfg<0.01 compared with baseline. °p<0.005 compared with-week
dp<0.05d with-tveek.

Auth
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Table 4. Summary of key findingsin published studies evaluating soluble-klotho (sK1) in kidney transplant recipients (K TRS).

Median
Sample Comparator Assay o
Study. Y ear Type ) follow-up Key Finding
Size, n Group Used
(vears)
_ Shat Term _ No significant change over 5
Aklmot@(ﬁ) 2013 _ 10 Kidney donors  IBL n/a
Prospective days of follow-up
Malyszkoet ) Healthy Lower sKl levels in KTRs
2014 Crosssectional 84 IBL 3.1
al.(16) Volunteers compared to control group
|
_ Healthy _ Higher sKl levels in KTRs
Leong@lS) 2014 Crosssectional 117 Cusabio 5.2
Volunteers compared to control group
e
q
Bleskestacdbt :
2015 Crosssectional 39 Healhy IBL 18.3 Lower sKl in KTRs compared to
al.() Volunteers; healthy volunteers and to lesser
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eGFRmatched extent eGFRmatched controls

controls

This article is protected by copyright. All rights reserved



REFERENCES

1. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D, et al. Systematic
review: kidney transplantation compared with dialysis in clinically relevant ogso
American,journal of transplantation : official journal oétAmerican Society of
Transplantation and the American Society of Transplant Surgeons. 2011 Oct;1830):20
109. PubMed PMID: 21883901.

2. Evenepoel P. Recovery versus persistence of disordered mineral metabolism in
kidney transplant recipients. Seminarsiephrology. 2013 Mar;33(2):1203. PubMed

PMID: 23465505.

3. Moe"SM, Drueke T, Lameire N, Eknoyan G. Chronic kidney disa@eeratbone
disorder: a' new paradigm. Advances in chronic kidney disease. 2007 Jan:12(BiMed
PMID: 17200038.

4, Smith ER, McMahon LP, Holt SG. Fibroblast growth factor 23. Annals of clinical
biochemistry. 2014 Mar;51(Pt 2):223. PubMed PMID: 24269946.

5. Gutierrez OM, Mannstadt M, Isakova T, Radhin JA, Tamez H, Shah A, et al.
Fibroblast growth factor 23 and mortality among patients undergoing hemodialysis. The New
England journal of medicine. 2008 Aug 7;359(6):524 PubMed PMID: 18687639. Pubmed
Central PMCID: 2890264.

6. Isakeva T, Xie H, Yang W, Xie D, Anderson AH, Scialla J, et al. Fibroblast growth
factor23 and risks of mortality and esthge renal disease in patients with chronic kidney
disease. JAMA : the journal of the American Medical Association. 2011 Jun
15;305(23):243D. PubMed PMID: 21673295. Pubmed Central PMCID: 3124770.

7. Kendrick J, Cheung AK, Kaufman JS, Greene T, Roberts WL, Smits G, et aRFGF
associates with death, cardiovascular events, and initiation of chronic dialysisl &duhe
American Society of Nephrology : JASN. 2011 Oct;22(10):1923PubMed PMID:
21903574. Pubmed Central PMCID: 3187186.

8. Nakano C, Hamano T, Fujii N, Obi Y, Matsui |, Tomida K, et al. Intact fibroblast
growth factor.23 levels predict incident cardiovascular event before but not afstarthef
dialysis. Bone. 2012 Jun;50(6):1286. PubMed PMID: 2242569

9. Tan.SJ, Smith ER, Hewitson TD, Holt SG, Toussaint ND. The importance of klotho
in phasphate metabolism and kidney disease. Nephrology. 2014 Aug;19{8%.48abMed
PMID: 24750549.

10. Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al. Plasma

klotho and mortality risk in older communitiwelling adults. The journals of gerontology

This article is protected by copyright. All rights reserved



Series A, Biological sciences and medical sciences. 2011 Jul;66(B009#ubMed PMID:
21474560. Pubmed Central PMCID: 3143348.

11. Evenepoel P, MeijeBK, de Jonge H, Naesens M, Bammens B, Claes K, et al.
Recovery of hyperphosphatoninism and renal phosphorus wasting one year afssfglicce
renal transplantation. Clinical journal of the American Society of Nephyol@JASN. 2008
Nov;3(6):182936. PubMed PMID: 18922992. Pubmed Central PMCID: 2572285.

12. Evenepoel P, Naesens M, Claes K, Kuypers D, Vanrenterghem Y. Tertiary
'hyperphesphatoninism' accentuates hypophosphatemia and suppresses lealeltim

renal transplant recipients. American jourogtransplantation : official journal of the
American Soeiety of Transplantation and the American Society of Tran§uag¢ons. 2007
May;7(5):1193200. PubMed PMID: 17359508.

13. WesselingPerry K, Pereira RC, Tsai E, Ettenger R, Juppner H, SaluskyGB23
and mineral metabolism in the early posbal transplantation period. Pediatric nephrology.
2013 Nov;28(11):22045. PubMed PMID: 23852336. Pubmed Central PMCID: 3796035.
14. Wolf' M, Weir MR, Kopyt N, Mannon RB, Von Visger J, Deng H, et al. A
Prospective Cohort Study of Mineral Metabolism After Kidney Transplantation.
Transplantation. 2016 Jan;100(1):183. PubMed PMID: 26177089. Pubmed Central
PMCID: 4683035.

15. Akimoto T, Kimura T, Watanabe Y, Ishikawa N, lwazu Y, Saito O, et al. The impact
of nephrectomy and renal transplantation on serum levels of soluble Klotho protein.
Transplantation proceedings. 2013-Fa;45(1):1346. PubMed PMID: 23375286.

16. Malyszko J, KoeZorawska E, MatuszkiewieRowinska J, Malyszko J. FGF23 and
Klotho in relation to markers of endothelial dysfunction in kidney transplant recipients.
Transplantation proceedings. 2014 Oct;46(8):26d.7PubMed PMID: 25380886.

17. Bleskestad IH, Thorsen IS, Jonsson G, Skadberg O, Bergrem H, Goransson LG.
Soluble Klotho and intact fibroblast growth factor 23 in kdagn kidney transplant patients.
European journal of endocrinology / European Federation of Endocrine Societies. 2015
Apr;172(4):34350. PubMed PMID: 25572388.

18. Leone F, Lofaro D, Gigliotti P, Perri A, Vizza D, Toteda G, et al. Soluble Klotho
levels in adultrenal transplant recipients are modulated by recombinant human
erythropoieting Journal of nephrology. 2014 Oct;27(5):B37PubMed PMID: 24760622.
19. Hu/MC, Kuroo M, Moe OW. Secreted klotho and chronic kidney aige Advances
in experimental medicine and biology. 2012;728:526 PubMed PMID: 22396167. Pubmed
Central PMCID: 3780390.

20. Hu MC, Shi M, Zhang J, Addo T, Cho HJ, Barker SL, et al. Renal Production,
Uptake, and Handling of Circulating alphaKlotho. Jalmwf the American Society of

This article is protected by copyright. All rights reserved



Nephrology : JASN. 2016 Jan;27(1):99. PubMed PMID: 25977312. Pubmed Central
PMCID: 4696570.

21. Hu MC, Moe OW. Klotho as a potential biomarker and therapy for acute kidney
injury. Nature reviews Nephrology. 2012 Jul;8(7342 PubMed PMID: 22664739. Pubmed
CentralPMCID: 3752896.

22. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HlI, et al. A
new equation/to estimate glomerular filtration rate. Annals of internal medi€i6g.Nay
5;150(9):60412. PubMed PMID: 19414839. Pubmed Central PMCID: 2763564.

23. Sakan H, Nakatani K, Asai O, Imura A, Tanaka T, Yoshimoto S, et al. Reduced
Renal alphaletho Expression in CKD Patients and Its Effect on Renal Phosphate Handling
and Vitamin,D Metabolism. PloS one.12DJan 23;9(1):e86301. PubMed PMID: 24466013.
Pubmed Central PMCID: 3900516.

24, Colley CM, Fleck A, Goode AW, Muller BR, Myers MA. Early time course of the
acute phase protein response in man. Journal of clinical pathology. 1983 Feb;36{2):203
PubMed PMID: 6826776. Pubmed Central PMCID: 498153.

25. Norlen BJ, Engberg A, Kallskog O, Wolgast M. Nephron function of the transplanted
rat kidney. Kidney international. 1978 Jul;14(1)}20. PubMed PMID: 355705.

26. Alstrup K, Graugaardensen C, Rittig S, Jonggen KA. Abnormal diurnal rhythm of
urine output following renal transplantation: the impact of blood pressure and diuretics
Transplantation proceedings. 2010 Nov;42(9):3889PubMed PMID: 21094810.

27. Yoon HE, Lim SW, Piao SG, Song JH, Kim J, Yang CM#atin Upregulates the
Expression of Klotho , an ArAging Gene, in Experimental Cyclosporine Nephropathy.
Nephron Experimental nephrology. 2012 Sep 13;120(4):@B33PubMed PMID:

22986347.

28. Han DH, Piao SG, Song JH, Ghee JY, Hwang HS, Choi BS, Effect of sirolimus

on calcineurin inhibiteinduced nephrotoxicity using renal expression of KLOTHO, an
antiaging gene. Transplantation. 2010 Jul 27;90(2}4AB3ubMed PMID: 20562737.

29. Yoon HE, Ghee JY, Piao S, Song JH, Han DH, Kim S, et al. Angiotensin Il blockade
upregulates the expression of Klotho, the-agging gene, in an experimental model of
chronic cyclosporine nephropathy. Nephrology, dialysis, transplantationiabffiblication

of the European Dialysis and Transplant AssociatiBaropean Renal Association. 2011
Mar;26(3):80013. PubMed PMID: 20813770. Pubmed Central PMCID: 3108350.

30. Berthier CC, Pally C, Weckbecker G, Raulf F, Rehrauer H, Wagner U, et al.
Experimental heart transplantation: effect of cyclosporine on expremsibactivity of
metzincins. Swiss medical weekly. 2009 Apr 18;13916%23340. PubMed PMID:

19418307.

This article is protected by copyright. All rights reserved



31. Chen CD, Podvin S, Gillespie E, Leeman SE, Abraham CR. Insulin stimulates the
cleavage and release of the extracellular domain of Klotho by ADAMARABDAML7Y.
Proceedings of the National Academy of Sciences of the United States of America. 2007 Dec
11;104(50):1979@01. PubMed PMID: 18056631. Pubmed Central PMCID: 2148378.

32. Smith ER, McMahon LP, Holt SG. Methagbecific differences in plasma fibralst
growth faeter,23 measurement using four commercial ELISAs. Clinical chgraisdr
laboratary medicine : CCLM / FESCC. 2013 Oct;51(10):1871PubMed PMID: 23729624.
33. Smith-ER. The use of fibroblast growth factor 23 testing in patients with kidney
disease..Clinical journal of the American Society of Nephrology : CJASN. 2014
Jul;9(7):4288303. PubMed PMID: 24578336. Pubmed Central PMCID: 4078965.

34. Heijboer AC, Blankenstein MA, Hoenderop J, de Borst MH, Vervioet MG,
consortium N2 Laboratory aspedsfcirculating alphalotho. Nephrology, dialysis,
transplantation : official publication of the European Dialysis and Trartsptsociation
European Renal Association. 2013 Sep;28(9):2Z28ubMed PMID: 23787542.

This article is protected by copyright. All rights reserved



Catimeed GFTS

L|'m|k i
EG ¥+r._. P
e

Bt Greatining
2. - 128
2 K
"3 b v
i HA Som
A ’ L
PR LY . I
- [
i o . 3 i
E ot = .
: o 3 %
'1-.*—.. -
1 vanh REEE T Nty e [manins

Taadnim g e

tri_12925_f1.tiff

Author Manuscrig

This article is protected by copyright. All rights reserved



=arum Cakium

=
o x
| 7
& i. r
a F
i L i
I ik o ﬁ -_,pﬂ: = i
: ._.lf o L &
| I = SER

o e [T Ry
Horabinr Tk "y Edamrice

Vo dlin e

tri_12925_f2.tiff

Author Manuscrip

This article is protected by copyright. All rights reserved



R Bolutic akiothn 2 % chango Snlubln cHidnn
- - h, -
!
- o] --
; ; ' -
| : : : § ' il
! I a - =
. 3 5 Tt il
;= . 5 -H-\""-\. "
- - .E i (3 . . ® =
ik Aenin Siamaks T Rire Hoawmd Cheribh Fasanks

Thra gl e g i

tri_12925_f3.tiff

Author Manuscript:

This article is protected by copyright. All rights reserved



A Soluble cKlotho post kidney transplantation
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