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Abstract

Background: Monocytes significantly contribute to ischemia népsion injury and allograft
rejection after kidney transplantation. However.e tknowledge about the effects of
immunosuppressive drugs on monocyte activationinstdd. Conventional pharmacokinetic
methods for immunosuppressive drug monitoring aoé cell type-specific. In this study,
phosphorylation of three signaling proteins was suead to determine the pharmacodynamic

effects of immunosuppression on monocyte activandadney transplant patients.

Methods: Blood samples from 20 kidney transplant recipiemse monitored before and during
the first year after transplantation. All patiemeseived induction therapy with basiliximab,
followed by tacrolimus (TAC), mycophenolate mofdtiliMF), and prednisolone maintenance
therapy. TAC whole-blood pre-dose concentrationgewdetermined using an antibody-
conjugated magnetic immunoassay. Samples were latedu with PMA/ionomycin and

phosphorylation of p38MAPK, ERK, and Akt in CDlshonocytes was quantified by phospho-

specific flow cytometry.
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Results: Phosphorylation o0p38MAPK and Akt in monocytes of immunosuppressagpients
was lower after 360 days compared with before plamgation in the unstimulated samples
(mean median fluorescence intensity (MFI) reduc86f; range -28% to 77% for p-p38MAPK
and 20%; range -22% to 53% for p-Akt; p < 0.05ERK was only decreased at day 4 after
transplantation (mean inhibition 23%; range -52%3&0; p < 0.05). At day 4, when the highest
whole-blood pre-dose TAC concentrations were measys-p38MAPK and p-Akt, but not p-
ERK, correlated inversely with TAC -0.65; p = 0.01 and = -0.58; p = 0.03, respectively).
Conclusions. Immunosuppressive drug combination therapy pgbrtianhibits monocyte
activation pathways after kidney transplantatiohisTinhibition can be determined by phospho-
specific flow cytometry, which enables the assesgnoé the pharmacodynamic effects of

immunosuppressive drugs in a cell-type-specific mean

Key Words

CD14+ monocytes, immunosuppression, signaling payBw therapeutic drug monitoring,

transplantation

Introduction

Monocytes and macrophages contribute to the immuesponses after kidney
transplantation, which include tissue repair afsehemia-reperfusion injury, as well as acute

cellular and antibody-mediated allograft rejectifir5]. After ischemia-reperfusion injury,
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monocytes are activated, in particular via theitl-ike receptor (TLR)-4, and infiltrate the
allograft [6, 7]. Directly after transplantation darduring acute cellular rejection; recipient
monocytes migrate to the site of tissue injury la¢ tgraft and differentiate into CDB8
macrophages, where the presence of these macrapisagssociated with graft dysfunction [4,
8]. Infiltrating monocytes can differentiate logaihto macrophages, which may be polarized
into pro- or anti-inflammatory phenotypes. Theseehpreviously been indicated as M1 and M2
macrophages, respectively, and these are now rzemhmas extremes in a wide functional
spectrum [8-10]. Macrophages are key players inirtliation of anti-donor responses through
their antigen-presenting function and productiorcytokines. In addition to their role in acute
cellular rejection, these cells are also involvedntibody-mediated rejection. After binding of
monocyte Fer receptors to donor allo-antibodies, the signal klibck apoptosis and cause the
accumulation of monocytes at the site of inflamoatiwhere they produce pro-inflammatory
cytokines [11-14].

Activation of monocytes and macrophages is comdyllamong others, by the three
intracellular signaling ~molecules p38 Mitogen-Actied Protein Kinase (p38MAPK),
Extracellular signal-Regulated Kinases 1 and 2 (ER)K and AKTS8 virus oncogene cellular
homolog (Akt) [15-20]. Phosphorylation of these smlles by upstream kinases in the signaling
pathway causes them to act on transcription fac@h®sphorylation of the MAPK members
p38MAPK and ERK will lead to the activation of teamiption factors (e.g., NdB, CREB, ATF-

1) that regulate the transcription and translatibeeveral genes involved in cytokine production
(e.g., TNFe, IL-1p and IL-6). In the end, activation of the MAPK paty will affect many

other monocyte functions, such as phagocytosis difierentiation into distinct macrophage

4
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activation stages [21-23]. Similarly, Akt plays entral role in several pathways (PI3K, ®N&;
and mTOR) involved in cytokine production, macroghalifferentiation, and phagocytosis [24-
26].

After kidney transplantation, most patients are ated with combination
immunosuppressive drug therapy consisting of taord (TAC), mycophenolic acid (MPA),
and glucocorticoids to prevent allograft reject[@i]. The effects of these drugs on alloreactive
T-cell function have been extensively characterizedt the knowledge of their effect on
monocytes is limited [5]. The few vitro studies that have been conducted in this resgea h
indicated that TAC and MPA affect cytokine prodoatiby monocytes [28, 29]. Furthermore,
TAC did not affect phagocytosis or production oflg in vitro, whereas MPA did reduce the
production of IL-B [30].

Given the important role of monocyte/macrophageth@immune responses following
kidney transplantation, a deeper understandingegtfect of immunosuppressive drugs on their
activation is important. Furthermore, there is amat need for laboratory techniques that can
reliably measure such effects to guide clinical mmosuppression. The conventional method of
therapeutic drug monitoring (TDM) of immunosuppressirugs is pharmacokinetic monitoring
by determining the (pre-dose) concentration of éhésigs in whole blood (in case of TAC) or
plasma (in case of MPA). This, however, disregapigative differences in individual
responsiveness to these agents. Possibly, celifispagod pharmacodynamic monitoring of the
effects of immunosuppressive drug therapy on mamosignaling pathway activation may be a

superior strategy for TDM [31-34].
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To define a new method for monitoring the impactromunosuppression on monocyte
activation we monitored and quantified the phosplation of p38MAPK, ERK, and Akt by
phospho-specific flow cytometry, in whole-blood gdes of kidney transplant patients before

and after transplantation during treatment with TMPA, and glucocorticoids.

Materials and M ethods

Kidney transplant patients

To determine the effect of immunosuppressive darg€D14 monocyte activation, we
studied 20 renal transplant patients who were Wadld during the first 12 months after
transplantation. The present study was part ofrecal study that was approved by the Medical
Ethical Committee of the Erasmus MC, University itatl Center (MEC number 2012-421,
EudraCT # 2012-003169-16) [35, 36]. All participaugiave written consent for collecting their
blood samples. Patients: were treated with 20 mglibasb intravenously (Simulect®,
Novartis, Basel, Switzerland) on the day of traasftion and day 4 after transplantation.
During the first three post-operative days, predloise was administered intravenously in a
dosage of 100 mg/day. Subsequently, prednisolore gikeen orally in a dose of 20 mg and
tapered to 5 mg/day by month 3. Mycophenolate riofMMF; Cellcept®; Roche, Basel,
Switzerland) was given in a starting dose of 20@@day equally divided in two doses, and then
adjusted to pre-dose concentrations (target corateort range: 1.5-3.Qug/mL). Patients
received TAC (Prograf®, Astellas Pharma Inc., Taokyapan) from the day of transplantation

twice a day with a starting dose of 0.2 mg/kg/dalyereafter, TAC was adjusted to pre-dose

6
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concentrations: 10-15 ng/mL (week 1-2), 8-12 ngfwkek 3-4), and 5-10 ng/mL (from week 5
onwards). Heparin blood samples were collectednaresplantation and 4 days, 1 month, and 3,
6, and 12 months post-transplantation.

Absolute numbers of CDI4monocytes were measured with BD multi-test 6-coliou
BD TruCount Tubes (BD Biosciences, San Jose, CALC Whole-blood and MPA plasma pre-
dose concentrations were determined in EDTA blosidguthe antibody-conjugated magnetic
immunoassay on a Dimension Xpand analyzer (SierhieradthCare Diagnostics Inc., Newark,
DE) according to the manufacturer’s instructionise Tower and upper limits of quantification of
TAC were 1.5 and 30 ng/mL and for MPA Qu§/mL and 15ug/mL, respectively. For TAC, the
coefficients of variation (CV) were 15.0%, 8.9%,dahl1.2% for the low, middle, and high
control samples, respectively. For MPA, the CV wB8rg% and 3.7%, for the low and high
controls, respectively. Proficiency samples werd¢aioled from the UK Quality Assessment
Scheme (Analytical Services International Ltd, Lond UK) and the laboratory successfully

participates in this international proficiency tagtscheme.

Whole-blood phospho-specific flow cytometry

Phosphorylation of p38MAPK, ERK, and Akt was measum whole-blood samples
according to the manufacturer’s instructions foogghoprotein analysis (BD Biosciences; CV:
5.6%) and as described previously [37, 38]. In 5§00 uL heparinized blood was stained for
30 minutes at 37°C with Fluorescein Isothiocyar(&@ C)-labeled mouse anti-human CD14
(Serotec, Oxford, UK) and Brilliant Violet (BV) 53i@beled mouse anti-human CD3

(Biolegend, San Diego, CA). After 15 minutes ofirstag, PMA/ionomycin (Sigma-Aldrich,

7
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Steinheim, Germany) was added for 15 minutes tovatet the blood cells. Applied final
concentrations of PMA/ionomycin were 500 ng per $nl§ per mL for samples stained for
p38MAPK and Akt, and 100 ng per mLil per mL was used for ERK, based on prior titration
for optimal detection of phosphorylated proteinefidafter, cells were fixed for 10 minutes with
Lyse/Fix buffer (BD Biosciences). After permealalion with 90% methanol at -20°C for 30
minutes, intracellular staining was performed wghycoerythrin (PE)-labeled mouse anti-p-
p38MAPK (clone pT180/pY182), PE-labeled mouse ppiikt (clone pS473), or
AlexaFluor647 (AF647)-labeled mouse anti-p-ERK1{2I202/pY204) mAB (all from BD
Biosciences) for 30 minutes at room temperaturenfies were analyzed on a FACS Canto Il
flow cytometer (BD Biosciences). Isotype controflapuse IgG1-PE (p38MAPK and Akt,
Biolegend) and mouse IgG1-AF647 (ERK; Biolegendgraevincluded in separate tubes and
served as negative controls. Interday-variabilitythe flow cytometer was corrected by using

Cytocalbeads (Thermo Scientific, Fremont, CA) adoag to the manufacturer’s instructions.

Statistical analysis

The Median Fluorescence Intensity (MFI) was measuoe the phosphorylation of
p38MAPK, ERK, and Akt and data analysis was perfrwith Diva-version 6.0 software (BD
Bioscience). MFI values were normalized using Catbeads (Thermo Scientific). Statistical
analysis was performed with Graph Pad Prism 5.@gBPad Software Inc., La Jolla, CA) by
using paired and unpaired t-tests (after findingraalue > 0.05 with the Kolmogorov-Smirnov
test for normality for the study population). Cdatens between drug concentrations and

phosphorylation were calculated as the Spearmamlation coefficient. Associations between

8
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phosphorylation levels and covariates were tesyelthbar regression with IBM SPSS statistics
software (version 21; IBM Analytics, Chicago, Iz, USA). Bonferroni correction was used to
correct for multiple testing. A two-sided p-valued<05 was considered statistically significant,
and for the association calculations, a two-sidedhlpe < 0.006 was considered statistically

significant after Bonferroni correction.

Results

Patient characteristics

Baseline characteristics of the kidney transplatiepts at the time of transplantation are
shown in Table 1. Two patients suffered from anteadi:cell mediated rejection corresponding
to an overall one-year acute rejection incidenc&Q86. The rejections were classified as Banff
type 1B and 2A and occurred on post-operative d&gsand 10, respectively [39, 40]. Samples
from these patients were excluded for further aislafter the rejection time point. Absolute
monocyte counts before and after transplantatiore wieeasured. An increase in the absolute
monocyte count was measured at day 4 after tramsplan (mean increase of 224
monocytesiL whole blood; p < 0.01), which can be due to tbheggal procedure (Figure 1A
and see Table, Supplemental Digital Content 1, winépresents the absolute monocyte counts
and medication overview). At months 1 and 3, theollie counts were decreased in comparison
to the baseline value (p < 0.01 and p < 0.001,ecsgely), while at months 6 and 12 the
monocyte numbers recovered to the baseline leved. ekpected, the TAC pre-dose

concentrations were higher at day 4 than at ther e points (p < 0.001) with a median
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concentration of 15.3 ng/mL (9.1 to 28.4) at daxs46.8 ng/mL (4.4 to 13.3) at day 360 (Figure
1B and see Table, Supplemental Digital Content Richkvrepresents the absolute monocyte
counts and medication overview). In contrast to TA® MPA pre-dose concentrations did not
significantly change over time, which reflects TDad the intention to keep MPA exposure
constant (see Table, Supplemental Digital ConterwHich represents the absolute monocyte

counts and medication overview).

Phosphorylation of p38MAPK, ERK, and Akt in kidney transplant patients

To assess the effects of immunosuppression on dtengial of monocytes to become
activated, the phosphorylation levels of p38MAPKRK; and Akt were measured in whole-
blood samples from kidney transplant patients eitdeectly or after stimulation with
PMA/ionomycin. (See Figure, Supplemental Digitaln@mt 2A, depicting a typical gating
example for the selection of CD1tonocytes and Figure, Supplemental Digital ConBit
showing an example of p-p38MAPK, p-ERK, and p-Aléasurements on a log scale, in which
each dot represents one monocyte.)

In" the unstimulated samples (directly analyzed mesh blood), the baseline
phosphorylation levels of p38MAPK, ERK, and Akt wdrigher before transplantation than for
the isotype control (p < 0.001 for all tested pirg (Figure 2). The phosphorylation level of
p38MAPK in these samples was significantly lowempared to pre-transplant levels at all test

days through day 360 (p < 0.01), except at dayP@ute 2A). In contrast, the other MAPK

10



214  member, ERK, showed only an inhibited phosphomytaait day 4 and day 30 (p < 0.05 and p <
215 0.001, respectively) and a constant phosphorylgiaitern between day 90 and day 360 (Figure
216  2B). The MFI values were comparable with the levre transplantation. The third signaling
217  protein, Akt, showed a decrease in phosphorylatewels at all-time points compared with
218 baseline (pre-transplantation; p < 0.05) (Figurg.Zhe strongest reduction was measured at
219 day 30 (p < 0.01).

220 To determine the effects of immunosuppression @ meximum phosphorylation
221 capacity of each tested signaling protein, whote8l samples were stimulated with
222 PMAJionomycin for 15 minutes. In- these stimulatechole-blood samples, the baseline
223 phosphorylation levels of p38MAPK, ERK, and Akt wdrigher before transplantation than for
224  the isotype control (Figure 3). Again, phosphoigiatof p38MAPK and Akt was decreased after
225 transplantation compared to pre-transplant phosditoeyn (Figures 3A and 3B), which was
226 comparable with the results obtained with the diyemeasured samples. However, p-ERK
227  expression showed only a decrease at day 4 (F8fiyewhich was in contrast to the significant
228 decrease observed at both day 4 and day 30 imtenulated samples.

229 One patient, who was diagnosed with acute rejectioday 152, also showed an increase
230 in p-ERK expression over time after stimulationhM®MA/ionomycin, while this was not seen
231 for the expression of p-p38MAPK or p-Akt. (See KigguSupplemental Digital Content 3,
232 showing the phosphorylation measurements for apatiagnosed with a BPAR on day 152
233  after transplantation (red arrows))

234 We also calculated the percentage of phosphorylagduction (Table II). In line with

235 the absolute data, the decrease of p-p38MAPK wglsekt at day 360 (36% (SD +31%) and
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34% (SD +28%) for the unstimulated and PMA/ionomysiimulated samples, respectively). At
the other time points tested, the decrease was&18fost. Finally, p-Akt was reduced, with a

maximum of 27%, and showed the smallest decreasey20 and 180.

Correlations of monocyte signaling protein phosphorylation with patient treatment and
demographics

To determine a putative association between phasgiation for all tested signaling proteins and
the given immunosuppressive therapy, correlaticetsv®en immunosuppressive drug pre-dose
concentrations and MFI levels at day 4 (n = 14) a6d (n = 19) in the unstimulated samples
were calculated (Table IIl). Both p-p38MAPK and R but not p-ERK, showed an inverse
correlation with TAC at day 4 {= -0.65; p < 0.05 and; £ -0.58; p < 0.05, respectively) (see
Figure, Supplemental Digital Content 4, which shakes correlation between p-p38MAPK and
p-Akt and TAC pre-dose concentrations at day 4r afemsplantation). At day 360, none of the

tested signaling proteins was correlated with TAE-giose concentrations.

To define whether the demographic parameters waréouanding variables in this study,
linear regression analysis was performed (see T&ueplemental Digital Content 5, which
shows the univariate analysis of the associatidwdsen patient demographic characteristics and
signaling protein phosphorylation). After correctifor multiple testing, no association between
the demographic characteristics of patients andetred of phosphorylation of p38MAPK, ERK,
and Akt was found before transplantation or 4 a@@ @ays after transplantation, indicating that

these parameters did not confound the resultsTi@ele, Supplemental Digital Content 5).
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Discussion

Monocytes and macrophages are crucial cells inirthate immune response and are
involved in the adaptive immune response via antigeesentation after kidney transplantation
[3, 4]. In this pilot study, phospho-specific flosytometry was used to monitor the effects of
immunosuppressive drugs on CDIonocyte activation by measuring phosphorylatibthee
major signaling molecules: p38MAPK, ERK, and Akt.

Phospho-specific flow cytometry is a relatively rbvechnique useful for studying the
pharmacodynamic effects of immunosuppressive drgbination therapy in whole-blood
samples of kidney transplant patients at the singlelevel [41-43]. In most transplant centers,
TDM is performed by measuring immunosuppressivey diood concentrations. However, this
method is not cell type-specific and does not cetaty reflect the pharmacodynamic effects of
immunosuppressants on monocytes and other immutie p®4]. Furthermore, classic,
pharmacokinetic TDM of TAC in general is based ae-gose concentrations that have an
imperfect correlation with the area under the catregionvs. time curve and do not accurately
predict acute rejection [45, 46].

In recent years, several methods for pharmacodyndmM have been investigated,
including the measurement of calcineurin phospleatdivity, cytokine production, and the
expression of NFAT-regulated genes [47-50]. Howguatil now these methods have not found
their way into routine clinical practice, becaudepoor correlation with clinical outcomes,

controversial data on the correlation with pharnkawetic parameters, and high interindividual
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298

variability, respectively [44]. Furthermore, thegbkarmacodynamic assays were developed to
study the effect on T-cells and it is unknown wileetthese methods can also be used for
studying the effect of immunosuppressants on maescy

A correlation between reduction of p-p38MAPK levefs T-cells and TAC blood
concentrations after kidney transplantation wasviptesly found with- phospho-specific flow
cytometry [37, 51]. In the present study, CDImonocytes from kidney transplant patients
showed a decrease in p-p38MAPK and p-Akt with aimar of 36% and 20%, respectively, as
compared to pre-transplant levels. These resuésiradine with previousin vitro findings:
healthy control blood samples spiked with TAC shdveemaximum p-p38MAPK and p-Akt
inhibition in monocytes of 33% and 14%, respectii@0]. In thein vitro study, spiking with
TAC did not affect the production of ILBlor the phagocytosis by monocytes. Only a slight
change in monocyte differentiation toward an M2 lphenotype was measured in the presence
of high TAC concentrations [30]. In contrast to theduction of p-p38MAPK and p-Akt,
phosphorylation of the other MAPK member, ERK, vaady significantly reduced within the
first month after transplantation. The maximum dase at day 4 and day 30 was 39%,
indicating a stronger reduction of p-ERK than fop3BMAPK and p-Akt. Of note, the
expression of p-ERK after stimulation increasedwiitne after transplantation in the one patient
suffering from an acute rejection, indicating agmatal role for this signaling molecule in acute
rejection.

The decreased phosphorylation found for the siggatiolecules indicates that the innate

immune response of monocytes is not completelybitdd after kidney transplantation. The
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incomplete inhibition causes a residual monocytavide that may contribute to immune
responses after kidney transplantation, such asahantibody-mediated rejection. The residual
monocyte activity is reflected in the retained #pibf monocytes to produce pro- and anti-
inflammatory cytokines after transplantation [SRforeover, the PI3K/Akt pathway is the main
regulator of cell survival in human monocytes aretrdased activation of this pathway is
associated with immunological quiescence after dydinansplantation [53, 54]. It has also been
suggested that p-Akt inhibition causes impairmentLi-10 production and upregulation of p-
p38MAPK and p-ERK1/2 after transplantation [16, .5Blurthermore, MAPK pathways are
involved in monocyte adhesion (ERK) and chemotgp@8MAPK) [56, 57]. p-ERK controls the
differentiation, survival, and homeostasis of mgries when the cells are stimulated with a
growth or survival factor, such as M-CSF (macroghamplony-stimulating factor), while
inhibition of p-ERK causes cell apoptosis [58, 58ltogether, this shows that monitoring of
signaling pathway activation is important to cohtrmnocyte-mediated immune responses after
transplantation.

Multiple  factors = can influence signaling protein ogphorylation, including
immunosuppressive drugs. TAC showed a significagiative correlation with phosphorylation
intensity of p38MAPK and Akt, suggesting that thaibition of p-p38MAPK and p-Akt is TAC
concentration dependent. However, these correlticere only observed at day 4, when TAC
pre-dose concentrations were highest, and araéniith the findings of the previous vitro
study [30]. No other associations were observedvdxn patient demographics and signaling
protein phosphorylation, indicating that phospheesfic flow cytometry is a promising tool to

detect TAC effects after transplantation.
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These data also indicate that TAC has the most fitapbrole in the inhibition of
intracellular signaling pathways in monocytes witld days after transplantation, while the
inhibition at later time points may be due to tliegence of prednisolone in the blood samples.
In mouse peritoneal macrophages, the glucocortimgdptor is involved in the inhibition of p-
p38MAPK, while p-ERK and p-Akt are not affected Plucocorticoid signaling [60]. This
suggests that the given prednisolone doses inrésept study could only inhibit p-p38MAPK.
However, the prednisolone blood concentrations were measured in this study, and more
research is needed to distinguish between theithdil effects of glucocorticoids on monocyte
intracellular activation pathways.

The present study provides preliminary data on wlse of phospho-specific flow
cytometry for clinical diagnostics. More researshneeded to translate the present findings on
phosphorylation status into meaningful clinicalghastics. For example, all tested proteins in
the present study showed the least percentageosppbrylation inhibition between day 90 and
180 after transplantation, but it is unknown whettnes will also increase the risk of monocyte-
mediated rejection. The technique is ready to leel digr clinical diagnostics of malignancies in
the field of hematology and oncology [61, 62]. Heer for daily clinical TDM of
immunosuppressive drugs, this technique needs malidation to become a standardized
procedure. The labor intensity, reproducibilitydarost-effectiveness of the technique should be
established. However, compared to western blotggpspho-specific flow cytometry is cell
specific and a relatively rapid method to measetkesignaling pathway activation. For example,
the turnaround time of the test used in the prestmly is only 4 hours. The next step would be

to study the correlation of phosphorylation prafilgith pharmacokinetic parameters and to find
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a threshold of phosphorylation that indicates & fig rejection. In a future prospective study,
blood samples from kidney transplant patients whghindevelop rejection should be measured
and the predictive value of the phosphorylatiotustaf the different molecules in monocytes, p-
p38MAPK, p-ERK, and p-Akt, should be assessed.olild also be informative to combine
phospho-specific flow cytometry with the measuremeh intra-lymphocytic or tissue TAC
concentrations. The latter directly quantifies &C concentration in its target compartment
and therefore possibly relates more closely tcatfy and toxicity. Studies in intracellular TAC
concentrations have hitherto been performed in hymegtes and peripheral blood mononuclear
cells, as well as in kidney and liver tissue, boit in purified monocytes [63-67]. It may also be
of interest to combine phospho-specific flow cytamenith novel biomarkers such as graft-
derived cell-free DNA. Graft-derived cell-free DNMay serve as a “liquid biopsy” in
transplantation, although this biomarker requiresther validation and it remains to be
determined whether it may aid in improving TDM oAC and other immunosuppressive drugs

[68, 69].

Conclusion

Phospho-specific flow cytometry is a technique teasure the pharmacodynamic effects of
immunosuppressive drug therapy on CDi@bnocytes. The use of this technique demonstrated
that monocyte activation pathways are only pastiadhibited by TAC, MMF, and prednisolone

combination therapy after kidney transplantation.
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FigureLegends

Figure 1. Absolute monocyte numbers and TAC pre-dose corattoris before and after
transplantation.A) Absolute - monocyte count In patients before anceraftansplantation
measured as the number of CDldonocytesiL whole blood.B) TAC blood pre-dose
concentrations within the first year after transpddion. Data are plotted as box and whiskers
indicating total range. Target ranges for both drage indicated in light grey in the background.

(n=20)*) p<0.05, *) p<0.01, **) p<0.001

Figure 2. Unstimulated phosphorylation of intracellular saing molecules before and after
transplantation in CDI4monocytes. Unstimulated phosphorylation of p38MARK, ERK (B),
and Akt C) in kidney transplant patients before and withiyear after transplantation compared
to isotype controls. Within 1 month after transpéion, phosphorylation of p38MAPK, ERK,

and Akt was decreased. After 1 month, only p-p38MA&nhd p-Akt showed a decrease
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compared to the samples before transplantation.4@ patients) *) p < 0.05, **) p < 0.01, ***)

p <0.001

Figure 3. PMA/ionomycin-stimulated phosphorylation of signgl molecules in° CD1%
monocytes before and within 1 year after transpkion. Blood samples were stimulated with
PMA/ionomycin to determine the maximum phosphoiglatapacity for each signaling protein
in monocytes. Phosphorylation of p38MAPK)( ERK B), and Akt C) was higher compared
to the isotype controls. During 1 year after trdasfation, p-p38MAPK and p-Akt, but not p-

ERK, were decreased, which is in comparison withuthstimulated results. (n = 20 patients) *)

p < 0.05, *) p < 0.01, **) p < 0.001

Tablel: Patient demographics and baseline characteristics

Study population

(n=20)

Age in years 55 (21-76)
Male/female 16 (80%)/4 (20%)
Ethnicity

« Caucasian 16 (80%)

e African 2 (10%)

e Asian 2 (10%)
Body weight (kg, mean and range) 88.5 (51.4-120.0)
HLA A mismatch 1.4 (x0.5)
HLA B mismatch 1.5(x0.5)
HLA DR mismatch 1.3(x0.4)
Current PRA (%) (mean and range) 2.5 (0-17)
Peak PRA (%) (mean and range) 4.2 (0-21)
Donor age in years 51 (22-80)

Living-related/living-unrelated donor

5 (25%)/18606)
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Cause of end-stage renal disease

» Diabetes mellitus 7 (35%)
* Hypertension 5 (25%)
* IgA nephropathy 3 (15%)
* Polycystic kidney disease 3 (15%)
» Obstructive nephropathy 1 (5%)
e Unknown 0 (0%)
» Other 1 (5%)

Renal replacement therapy prior to
transplantation

* None (pre-emptive) 12 (60%)

* Hemodialysis 6 (30%)

» Peritoneal dialysis 2 (10%)
Time on dialysis (days) (mean and

783 (465-1519)
range)

570

571  Continuous variables are presented as means (biSDgdians (range) and categorical variables
572 as numbers (plus percentages), unless otherwisdisgde

573  All patients received their first kidney transplant

574  HLA, human leukocyte antigen; PRA, panel reactivgibmdies (current = PRA at time of
575  transplantation, peak = historically highest meadl®RA); SD, standard deviation.

576
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577 Tablell: Reduction of signaling molecule phosphorylation

% inhibition p38M APK ERK Akt
(mean = SD)

Unstim PMA/iono Unstim PMA/iono Unstim PMA/iono
Day 4 30% (£26%) **  24% (x14%) ** | 23% (x34%) * 18% (£25%) 16% (£20%) * 27% (+£18%) ***
Day 30 24% (£24%) **  16% (£24%) ** | 39% (£22%) *** 12% (+3%) 20% (£17%) **  21% (£22%) *
Day 90 13% (£49%) 17% (£31%) 19% (£51%) 7% (£31%) 17% (£21%) * 21% (+18%) **
Day 180 31% (£16%) **  27% (x27%) ** | 16% (+49%) -5% (£38%) 3% (+26%) * 25% (£27%) **
Day 360 36% (+31%) **  34% (x28%) ** | 16% (x61%) -28% (+60%) | 20% (+23%) * 27% (+£25%) **

578
579  Unstim) unstimulated samples; PMA/iono) PMA/iononmystimulated samples

580  Significant difference with baseline phosphorylati) p < 0.05; **) p < 0.01; ***) p < 0.001
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Table 111: Correlation between signaling molecule phosphoiytat(unstimulated) and
immunosuppressive drug trough blood concentratidmkgy 4 and day 360 after transplantation

Correlation p-p38M APK p-ERK p-Akt

Is p value ¢ p value rs p value
day 4 Tacrolimus| -0.65  0.012 -0.15 0.615| -058 0.030
day 360 Tacrolimus| -0.21 0.512 0.20 0.563 -0.10 - 0.780

rs= Spearman’s Rank Correlation Coefficient
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Figure 3
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