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Despite the critical role of cytokines in allograft rejection, the relation of peripheral blood
cytokine profiles to clinical kidney transplant rejection has not been fully elucidated. We
assessed 28 cytokines through multiplex assay in 293 blood samples from kidney
transplant recipients at time of graft dysfunction. Unsupervised hierarchical clustering
identified a subset of patients with increased pro-inflammatory cytokine levels. This
patient subset was hallmarked by a high prevalence (75%) of donor-specific anti-human
leukocyte antigen antibodies (HLA-DSA) and histological rejection (70%) and had worse
graft survival compared to the group with low cytokine levels (HLA-DSA in 1.7% and
rejection in 33.7%). Thirty percent of patients with high pro-inflammatory cytokine levels and
HLA-DSA did not have histological rejection. Exploring the cellular origin of these cytokines,
we found a corresponding expression in endothelial cells, monocytes, and natural killer cells
in single-cell RNASeq data from kidney transplant biopsies. Finally, we confirmed secretion
of these cytokines in HLA-DSA-mediated cross talk between endothelial cells, NK cells, and
monocytes. In conclusion, blood pro-inflammatory cytokines are increased in kidney
transplant patients with HLA-DSA, even in the absence of histology of rejection. These
observations challenge the concept that histology is the gold standard for identification of
ongoing allo-immune activation after transplantation.
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INTRODUCTION

Despite marked improvement in short-term graft outcome
through reduced incidence of acute T-cell-mediated rejection
(TCMR) with the current immunosuppressive armamentarium,
long-term kidney allograft survival remains suboptimal (1, 2).
An important cause for this long-term graft failure is acute
rejection, especially antibody-mediated rejection (ABMR) (3,
4). ABMR is initiated by donor-specific antibodies (DSA),
either to human leukocyte antigens (HLA) or less commonly,
but also less easily detectable, to other donor-recipient
mismatched antigens (5, 6). Part of the explanation for the
impaired graft survival associated with ABMR (7–10) is the
lack of proven effective treatments to prevent or treat ABMR
(4, 11, 12).

In the search for biomarkers and therapeutic targets for acute
rejection, several research groups have suggested to study
cytokines, as they play a crucial role in the pathophysiology of
rejection (13–31). However, studies focusing on only one or few
molecules miss the complexity of the interactions and the
interplay between the full landscape of cytokines. Also, details
on the specificity of some cytokines for allo-immune processes,
different rejection subtypes and associated histological lesions
is lacking.

Therefore, we evaluated the complex landscape of 28
cytokines, chemokines, and growth factors in the blood of
patients with a broad range of acute rejection types and
histological lesions and analyzed the cellular origin of the most
relevant cytokines, through publicly available single-cell RNASeq
data and through in vitro models of HLA-DSA-mediated
activation of NK cells, monocytes, and endothelial cells.
MATERIALS AND METHODS

Patient Population
We included all adequate for-cause (“indication”) biopsies
performed within the first year after transplantation between
August 07, 2012, and July 13, 2016, from consenting patients
who received a single kidney transplant at the University
Hospitals Leuven, Belgium. All patients gave written informed
consent for collection and analysis in the Kidney Transplant
Biobank, approved by the local ethical committee (S53364 and
S61971). Details on the data collection are described in the
Supplementary Appendix.

Histopathology
Histological lesions were semiquantitatively scored according to
the Banff consensus (32), as reported previously (33). Diagnosis
of the phenotypes of ABMR, TCMR, and borderline changes was
Abbreviations: ABMR, antibody-mediated rejection; APC, antigen-presenting
cells; DSA, donor-specific antibodies; ECa, activated endothelial cells; FcgR, Fc-
gamma receptor; FDR, false discovery rate; HLA, human leukocyte antigen; NK,
natural killer; PCA, principal component analysis; scRNASeq, single-cell RNA
sequencing; TCMR, T cell-mediated rejection.
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established using the Banff 2019 criteria (34). More details are
described in the Supplementary Appendix.

Detection of Circulating Anti-HLA
Antibodies
The follow-up of anti-HLA antibodies was systematically
monitored in one histocompatibility laboratory (HILA—
Belgian Red Cross Flanders); details on this assessment were
previously published (35), and further details are provided in the
Supplementary Appendix.

Cytokine Quantification
Peripheral blood serum samples were analyzed for 28 cytokines,
chemokines, and growth factors with Bio-Plex immunoassay
using Luminex magnetic beads following the manufacturer’s
instructions (Bio-Rad, M50-0KCAF0Y; Temse, Belgium) using
a 27-multiplex panel and an additional single-plex one for
CXCL9. Details are provided in Supplementary Table S1 and
Supplementary Appendix.

Single-Cell RNA Sequencing Data Analysis
Previously published human single-cell data from two ABMR
biopsies and five healthy references corresponding to transplant
surveillance biopsies were used. The associated raw counts or
matrices were downloaded from the Gene Expression Omnibus
(GEO, GSE145927, https://www.ncbi.nlm.nih.gov/geo) (36) and
Kidney Precision Medicine Project (https://atlas.kpmp.org/
repository). Details on the gene expression analyses are
described in the Supplementary Appendix. The CellChat R
package (37) was used to analyze the cell–cell communication
between these cells.

NK Cell and Monocyte Sorting and
Coculture With Endothelial Cells
Peripheral blood mononuclear cells were isolated from the blood
of healthy volunteers from the Etablissement Français du Sang
(Lyon, France) or from the Belgian Red Cross Flanders by Ficoll
gradient centrifugation (Eurobio, Courtaboeuf, France). Cell
sorting methods are detailed in Supplementary Appendix.
Purified NK cells and non-classical monocytes were then
cocultured with glomerular endothelial cells. In a first
experiment, NK cells were cocultured with the human
conditionally immortalized glomerular endothelial cell line (38)
(ciGENC; HLA-A2), in combination with either anti-HLA-A2
DSA-containing serum or control human serum. After 4 h of
coculture, supernatants were collected. In a second experiment,
NK cells and non-classical monocytes were cocultured with
primary glomerular endothelial cells (GENC, Cell Systems,
USA), after incubation with either anti-HLA-A, -B, -C purified
antibody (BD Biosciences, San Jose, CA, USA; cat #560187), or
control isotype (BD Biosciences, cat #553447). After 24 h of
coculture, supernatants were collected. Details on the two
experiments are specified in the Supplementary Appendix.

Levels of 27 cytokines, chemokines, and growth factors in the
supernatants were assessed using the same 27-multiplex analysis
as used for the clinical samples, following the manufacturer’s
February 2022 | Volume 13 | Article 818569
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i n s t ru c t i on s (B io -Rad , M50-0KCAF0Y ; B io -Rad ,
Nazareth, Belgium).

Statistical Analysis
We report descriptive statistics using mean and standard
deviation (or median and interquartile range for skewed
distributions) for continuous variables or numbers, and
percentages for discrete variables. Protein levels were log10-
transformed for analysis. We restricted the Pearson correlation
analyses to the first sample per patient, to avoid dependent
measurements. Principal component analysis (PCA) and
heatmap analysis were done using Euclidean distance to obtain
the distance matrix and complete agglomeration method for
clustering in the heatmap analysis. In logistic regression analysis,
we corrected for repeat sampling by using mixed models with a
random intercept. We controlled for multiple testing using the
false discovery rate (FDR). Cox regression analyses and Kaplan–
Meier survival curves with log-rank testing were used to assess
associations with death-censored graft failure. Patients were
censored at the time of death with a functioning graft or at the
time of the last follow-up date. Time to failure was counted
starting at the day of sample. We assessed the differences in
protein levels in the in vitro experiments using paired T-tests on
the log10-transformed protein levels. We used SAS (version 9.4;
SAS Institute, Cary, NC), R (version 3.6.3, R core team, 2014,
packages corrplot, FactoMineR, heatmap3), and GraphPad
Prism (version 8; GraphPad Software, San Diego, CA) for
statistical analysis and data presentation. Figures were created
with BioRender.com.
RESULTS

Blood Cytokine Profiles Associate
With HLA-DSA
In the first samples of each patient (N = 192; Figure 1A, Table 1
and Supplementary Table S2), strong positive correlations were
demonstrated among cytokines CXCL10/IP10, PDGF-BB, IL-6,
GM-CSF, IL-9, CCL5/RANTES, basic-FGF, CCL4/MIP-1b,
TNF-a, IFN-g, CCL2/MCP-1, and IL-17a, followed by IL-15,
IL-1b, and IL-2, and negative correlations with IL-1Ra, IL-7, and
G-CSF (Figure 1B). PCA based on the 28 blood proteins in first
samples revealed two distinct clusters (Figure 1C). The pro-
inflammatory cytokines IFN-g, TNF-a, IL-6, IL-9, IL-17a,
CXCL10/IP-10, CCL4/MIP1b, CCL5/RANTES, basic-FGF, and
GM-CSF (Figures 1D, E) were the strongest contributors to
differentiate a cluster of 20/192 (10.4%) samples, which was
hallmarked by positivity for HLA-DSA (15/20; 75%), whereas
the majority of the other cluster were HLA-DSA negative (169/
172; 98.3%) (Figure 1C). Unsupervised hierarchical clustering
confirmed this differentiation in the levels of pro-inflammatory
cytokines, corresponding to the HLA-DSA status, and the
histological lesions scores (cluster I) (Figure 1F). In 14/15
HLA-DSA+ patients in cluster I, HLA-DSA were present at
time of the biopsy (12 persistent pretransplant, 1 de novo, and 1
both pretransplant and de novo HLA-DSA), whereas in 1 patient
Frontiers in Immunology | www.frontiersin.org 3
the HLA-DSA were present pretransplant but had resolved at the
first biopsy. In the other five patients (25%) of cluster I, no HLA-
DSA was detected at the time of transplantation or at any time
post-transplantation. No differences in specificity (class) or
strength (MFI) of the HLA-DSA were noted between the
HLA-DSA+ samples in cluster I (N = 15 HLA-DSA) vs. cluster
II (N = 3 HLA-DSA) (Supplementary Table S3). When
comparing patients in cluster I vs. II, differences were noted in
HLA-DSA, repeat transplantation, induction therapy, and
recipient sex, all reflecting the background risk and
management of HLA-DSA, but no differences in C-reactive
protein or polyomavirus or cytomegalovirus viremia (Table 2).
When repeating the analyses in all samples (N = 293), including
the repeat sample-biopsy pairs, a similar cluster of HLA-DSA+
samples resulted from the PCA and heatmap analyses
(Supplementary Figure S1). Follow-up samples from patients
whose first biopsy was clustered in cluster I clustered together in
the pro-inflammatory cluster.

As the clustering approach indicated a strong association
between the global protein levels and HLA-DSA, we next
evaluated which proteins individually associated with HLA-
DSA using logistic mixed models. All proteins except IL-4, IL-
5, IL-10, IL-12p70, IL-13, CCL11/Eotaxin, and VEGF
significantly associated with HLA-DSA (Figure 2A). A high
number of samples had levels below the detection limit in both
clusters for IL-5, IL-10, IL-12p70, IL-13, and VEGF
(Supplementary Table S1 and Supplementary Figure S2).

Cytokine Profiles in Relation to
Histological Inflammation
Next to the association with HLA-DSA, also rejection associated
with the cytokine clusters (Table 2). Rejection was present in the
concomitant biopsy in 14/20 (70%) patients of cluster I vs. 58/
172 (33.7%) of cluster II (p < 0.0001). ABMR (including mixed
rejection) was present in 9/20 (45%) cases in cluster I vs. 6/172
(3.5%) cases in cluster II (p < 0.0001). Glomerulitis, peritubular
capillaritis, thrombi, C4d deposition in the peritubular
capillaries, and interstitial inflammation scores differed
between the clusters (Table 2). In non-rejecting samples in
cluster I (N = 6/20), the biopsies showed no inflammatory
lesions, except for isolated tubulitis in three of these biopsies.

When considering all biopsies, significant associations were
found between cytokines and diagnosis of ABMR (N = 26) vs. no
ABMR (N = 267) (Figure 2C and Supplementary Figure S3).
However, after adjustment for HLA-DSA, none of the cytokines
remained significantly associated with ABMR (Figure 2D).
Conversely, the associations between HLA-DSA and the
individual proteins remained largely unaltered after adjustment
for ABMR (Figure 2B). This illustrates that HLA-DSA status is a
stronger determinant of the cytokine profiles than ABMR
histology. Compared to ABMR, fewer cytokines associated
with TCMR (N = 71) vs. no TCMR (N = 222), and none
associated with borderline changes vs. no rejection
(Supplementary Figure S3). When considering pure TCMR
(N = 54) vs. no TCMR (N = 223), none of the cytokines
remained associated after FDR correction (Supplementary
February 2022 | Volume 13 | Article 818569
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Figure S3). These findings were corroborated by the associations
between protein levels and inflammatory histological lesions.
Basic-FGF, IL-1b, IL-9, IL-2, IL-17a, CCL4/MIP1b, CCL5/
RANTES, CXCL9/MIG, IFN-g, and TNF-a positively and IL-7
negatively associated with microvascular inflammation, the
hallmark of ABMR (Supplementary Figure S4). Proteins with
a positive association with tubulo-interstitial inflammation, the
hallmark of TCMR, were CXCL9/MIG and CXCL10/IP10
(Supplementary Figure S4). When considering intimal
arteritis, which can occur both in ABMR and in TCMR,
Frontiers in Immunology | www.frontiersin.org 4
upregulated proteins were IL-6, CXCL8/IL-8, CXCL9/MIG,
CXCL10/IP10, IFN-g, and TNF-a; downregulated proteins
were IL-7, IL-13, and G-CSF (Supplementary Figure S4).

Association of Blood Cytokines With
Future Rejection and Graft Survival
Of the 14 patients in cluster I with rejection in the first biopsy, 12
(85.7%) had recurring rejections in the follow-up biopsies. Of the
6 patients in cluster I without rejection in the first biopsy, 2
patients developed transplant glomerulopathy in follow-up
A

B D

E
F

G

C

FIGURE 1 | Visualization of the structural relationships between blood protein levels and clinical and histological characteristics. (A) Study design. (B) Correlation
matrix of the 28 proteins using Pearson correlations of the log10-transformed protein levels. Colors indicate correlation coefficient (r); dots indicate p-values (only
p-values <0.05 are represented with a circle). Proteins are ordered as defined by hierarchical clustering. (C) Principal component analysis (PCA) of first biopsies per
patient (N = 192) shows two clusters distinct in their 28 blood protein levels. Colors indicate the presence of HLA-DSA. (D) Contributions of the 28 cytokines to the
principal component analysis. (E) Top 10 contributing cytokines to axis 1 of the principal component analysis (PC1). (F) Heatmap analysis of histological lesions and
blood proteins of first biopsies per patient (N = 192). Reordering of dendrograms based on hierarchical clustering. Two distinct clusters, cluster I (N = 20) and II
(N = 172) can be distinguished. (G) Kaplan–Meier survival curve illustrating survival probability for cluster I and II, counted from the day of the first biopsy (N = 192).
ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection; HLA-DSA, anti-HLA donor-specific antibodies; HLA-Abs, anti-HLA antibodies. Mixed rejection
was defined as ABMR concomitant with TCMR or borderline changes. All protein levels are log10 transformed. Humoral score = sum of glomerulitis; peritubular
capillaritis, intimal arteritis and C4d deposition in the peritubular capillaries. Cellular score = sum of tubulitis, interstitial inflammation, and intimal arteritis.
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biopsies without previous acute rejections detected on pathology;
2 patients developed rejection (one TCMR, one borderline); and
2 never developed rejection. In total, 25/192 patients experienced
death-censored graft failure during a mean follow-up time of 5.1
( ± 1.9) years. Graft failure rate differed between cluster I and
cluster II (univariable hazard ratio [HR] 2.81, 95% CI 1.12–7.06,
p = 0.03) (Figure 1G). The association of cluster I with graft
failure was independent of recipient sex, repeat transplantation,
induction therapy, and ABMRh (adjusted HR 3.31, 95% CI 1.09–
10.03, p = 0.03).

Cellular Origin of the Cytokine Profiles:
Single-Cell RNA Sequencing of Kidney
Transplant Biopsies
Based on the observed association between cytokines and HLA-
DSA, we hypothesized that these cytokines originated from the
transplanted kidneys as the allograft is the site where the DSA-
mediated injury occurs. To determine the cellular origin of the
cytokine profiles in the allograft, we used publicly available single-
cell data from kidney biopsies. Briefly, scRNASeq was performed
on two renal allograft biopsies with DSA-mediated injury, namely,
ABMR (one with class I and II anti-HLA-DSA (B8, DQA1) and
one with class II HLA-DSA [DR1; DR53 and DQ2 (36)], and five
reference biopsies. After quality control and filtering
Frontiers in Immunology | www.frontiersin.org 5
(Supplementary Figure S5), 33,216 cells were detected and
clustering revealed 14 clusters corresponding to the main renal
cell subtypes but also infiltrating immune cells (Figures 3A, B).
After subclustering using well-established markers (39), we
evaluated the expression of genes corresponding to the cytokines
across the kidney structural cells and infiltrated immune cells
(Figures 3A, B). The cytokines of interest were expressed by
activated endothelial cells (ECa), antigen-presenting cells (APCs),
and lymphocytes. More specifically, ECa expressed CSF3, FGF2,
IL15, CXCL9, and CCL2. APCs expressed IL1RN, IL8, CCL3, IL1B,
CXCL10, IL10, TNF, and CCL3 whereas lymphocytes expressed
CCL4, CSF2, IL2, IFNG, IL4, IL13, andCCL5 (Figure 3C). Of note,
IL9 and IL17A were not detected in this dataset. Given the
heterogeneity of APC and lymphocyte populations, we
subclustered these two populations. In APCs, we identified
CD19+MS4A1+ B cells, the three main monocytic populations
—classical CD14+CD16-, intermediate CD14+CD16+, and non-
classical CD14-CD16+ monocytes—and two dendritic cell (DC)
populations (Figure 3D). Non-classical monocytes expressed the
most relevant cytokines with IL1RN, CCL3, IL1B, CXCL10, TNF,
IL15, and CCL4. In lymphocytes, we detected CD4 T cells, CD8 T
cells, NKT cells, NK cells, and plasmacytoid DC, whereas CD4 and
CD8 T cells expressed IL4, IL2, and IL13, NK and NKT cells
expressed IFNG, CCL3, CCL4, and CCL5 (Figure 3E).
TABLE 1 | Sample characteristics of first and all biopsies.

First biopsies (N = 192) All biopsies (N = 293)
Mean ± std

Or median (IQR)

Or no (%)

Clinical parameters
Serum C reactive protein, mg/L 9.0 (1.8–24.7) 5.3 (1.4–18.3)
eGFR, MDRD, mL/min 19.6 ± 13.1 19.8 ± 12.2
Proteinuria, g/g creatinine 0.3 (0.2–1.1) 0.3 (0.2–0.8)
Time after transplantation (days) 11 (7–24) 18 (9–51)
HLA-DSA at time of biopsy 17 (8.9%) 29 (9.9%)
HLA-DSA at time of transplant 17 (8.9%) 34 (11.6%)
De novo HLA-DSA 2 (1.0%) 6 (2.1%)
Histological diagnosis
Any rejection 72 (37.5%) 106 (36.2%)
- ABMR (pure) 5 (2.6%) 7 (2.4%)
- TCMR (pure) 35 (18.2%) 54 (18.4%)
- Borderline changes (pure) 22 (11.5%) 26 (8.9%)
- Mixed rejection 10 (5.2%) 19 (6.5%)

Histological lesion scores
Glomerulitis > 0 33 (17.2%) 53 (18.1%)
Peritubular capillaritis > 0a 19 (9.9%) 37 (12.6%)
Tubulitis >0 128 (66.7%) 200 (68.3%)
Interstitial inflammation >0 51 (26.6%) 73 (24.9%)
Intimal arteritis >0 38 (19.8%) 62 (21.2%)
C4d ptc >1a 17 (8.9%) 24 (8.2%)
Trombi (yes) 10 (5.2%) 14 (4.8%)
ABMRh (yes) 23 (12.0%) 41 (14.0%)
Arteriolar hyalinosis >1 25 (13.0%) 44 (15.0%)
Vascular intimal thickening >1 40 (20.8%) 70 (23.9%)
Interstitial fibrosis >1 7 (3.7%) 25 (8.5%)
Tubular atrophy >1 4 (2.1%) 11 (3.8%)
Transplant glomerulopathy >0 0 3 (1.0%)
Mesangial matrix expansion>0 10 (5.2%) 19 (6.5%)
February 2022 | Volu
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Cell–Cell Communication
As cytokines and chemokines are the mediators of cell–cell
communication, we used the CellChat package to infer the
intercellular communication from the scRNASeq data. Twenty
signaling pathways showed significant communication between
the allograft cells. Among these were the CXCL, CCL, CX3C,
PDGF, VEGF, and CSF signaling pathways (Figure 4A). ECa were
important senders but also receivers of CXCL and CCL signaling
(Figure 4B). Lymphocytes were important senders of CCL
signaling, whereas APCs were receiving CX3C and CSF signals
from ECa in these biopsies. When looking at all signals received by
ECa, sent by ECa, APCs, and lymphocytes, the atypical chemokine
receptor (ACKR1), also known as DARC, was the identified
receptor for all ligand–receptor pairs (Figure 4C).

Cytokine Secretion in Antibody-Mediated
NK Cell and Monocyte Activation
Given that the most clinically relevant cytokines corresponded to
expressed genes on activated glomerular endothelial cells, non-
classical monocytes, and NK cells, we next assessed the cytokine
Frontiers in Immunology | www.frontiersin.org 6
production by these cells. Indeed, endothelial injury is the
hallmark of DSA-mediated injury in kidney allografts and both
NK cells and monocytes are key players in ABMR (40–45). Both
NK cells and non-classical monocytes express the Fcg receptor,
through which antibody-dependent cellular cytotoxicity can be
induced against a target cell, i.e., the endothelial cell in the setting
of ABMR. We tested the specificity of the studied proteins for
these cell types in an in vitromodel of antibody-mediated NK cell
and/or monocyte activation in interaction with glomerular
endothelial cells. After 4 h of coculture with conditionally
immortalized glomerular endothelial cells (ciGENC), IFN-g,
TNF-a, IL-6, IL-8, IL-9, IL-15, CCL2/MCP-1, CCL3/MIP1a,
CCL4/MIP1b, CCL5/RANTES, CCL11/Eotaxin, and basic-FGF
were significantly higher in the supernatants of the antibody-
mediated NK cell activation condition, compared to the control
condition (Figure 5A and Supplementary Figure S6). After 24 h
of coculture with primary GENC, IFN-g, IL-4, IL-6, CXCL8/IL-8,
CXCL10/IP10, CCL2/MCP-1, CCL3/MIP1a, CCL4/MIP1b, and
basic-FGF were significantly higher in the supernatants of the
antibody-mediated monocyte activation condition, compared to
TABLE 2 | Comparison of clinical characteristics between cluster I (N = 20) and cluster II (N = 172).

Cluster I Cluster II p-value

Recipient age (years) 52.0 ± 11.7 55.9 ± 11.6 0.16
Donor age (years) 47.2 ± 14.8 54.3 ± 15.2 0.05
Recipient sex (male) 7 (35.0%) 126 (73.3%) 0.0004
Donor sex (male)a 12 (60.0%) 98 (58.0%) 0.86
Cold ischemia time (hours)a 11.2 ± 5.8 11.9 ± 5.5 0.59
Type of donor 0.55
- Circulatory death 3 (15.0%) 39 (22.7%)
- Brain death 15 (75.0%) 124 (72.1%)
- Living 2 (10.0%) 9 (5.2%)

Repeat transplantation (yes) 6 (30.0%) 17 (9.9%) 0.009
Immunosuppressive regimen (TAC-MMF-CS) 20 (100%) 155 (90.1%) 0.14
Induction therapy 12 (60.0%) 54 (31.4%) 0.01
Polyoma viremia (positive)a 0 (0%) 15 (8.7%) 0.20
CMV viremia (positive)a 0 (0%) 9 (5.2%) 0.34
Serum C reactive protein, mg/L 8.7 (1.8–25.3) 10.3 (2.9–21.1) 0.66
eGFR, MDRD, mL/min 17.7 ± 11.9 19.8 ± 13.2 0.49
Proteinuria, g/g creatinine 0.3 (0.2–1.1) 0.5 (0.2–1.2) 0.30
Time after transplantation (days) 11 (7–24) 10 (7–23) 0.53
HLA-DSA at time of biopsy 14 (70.0%) 3 (1.7%) <0.0001
HLA-DSA at time of transplant 14 (70.0%) 3 (1.7%) <0.0001
De novo HLA-DSA 2 (10.0%) 0 (0%) <0.0001
Any rejection 14 (70.0%) 58 (33.7%) <0.0001
- Pure ABMR 1 (5.0%) 4 (2.3%)
- Pure TCMR 2 (10.0%) 33 (19.2%)
- Pure borderline changes 3 (15.0%) 19 (11.1%)
- Mixed rejection 8 (40.0%) 2 (1.2%)

Acute histological lesions
- Glomerulitis > 0 10 (50.0%) 23 (13.4%) <0.0001
- Peritubular capillaritis > 0a 6 (30.0%) 13 (7.8%) 0.002
- Tubulitis >0 16 (80.0%) 112 (65.1%) 0.18
- Interstitial inflammation >0 11 (55.0%) 40 (23.3%) 0.002
- Intimal arteritis >0 7 (35.0%) 31 (18.0%) 0.07
- C4d ptc >1a 8 (40.0%) 9 (5.4%) <0.0001
- Thrombi (yes) 4 (20.0%) 6 (3.5%) 0.002
- ABMRh (yes) 9 (45.0%) 14 (8.1%) <0.0001
February 2022 | Volume 13 | Article
aMissing data: donor sex N = 3; cold ischemia time N = 3; peritubular capillaritis N = 5; C4d deposition ptc N = 6; polyoma viremia N = 6; CMV viremia N = 40.
TAC, tacrolimus; MMF, mycophenolate mofetil; CS, corticosteroids.
Significant differences are indicated in bold.
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control (Figure 5B and Supplementary Figure S7). After 24 h of
coculture of NK cells, non-classical monocytes and GENC, IFN-
g, IL-5, CXCL8/IL-8, IL-9, IL-15, CXCL10/IP10, CCL2/MCP-1,
CCL4/MIP1b, and GM-CSF were significantly higher in the NK
cell and monocyte activation condition, compared to control,
suggesting a synergistic effect between these two cell types
(Figure 5B and Supplementary Figure S7). When comparing
in vitro models of GENC alone, with an HLA class I-specific
antibody vs. non-specific isotype antibody, no significant
cytokine production was noted (Supplementary Figure S8).
The cell–cell contact of immune cells with GENC was required
for cytokine production, illustrated by the higher cytokine levels
in cocultures of immune cells with GENC compared to immune
cells alone (Supplementary Figure S9).
DISCUSSION

In this representative cohort of consecutive samples from kidney
transplant recipients at time of allograft dysfunction, we
demonstrate that pro-inflammatory cytokines in the peripheral
blood associate with presence of HLA-DSA and impaired kidney
transplant survival. These pro-inflammatory blood signals associate
with HLA-DSA, rather than with rejection phenotypes as identified
in kidney transplant biopsies. This illustrates that HLA-DSA can
lead to immune activation that is not always reflected in histology
Frontiers in Immunology | www.frontiersin.org 7
of the concomitant kidney transplant biopsies. Single-cell data
analysis demonstrated that the most contributing cytokines to the
clustering of the clinical samples corresponded to genes expressed
on activated glomerular endothelial cells, non-classical monocytes,
and NK cells. Subsequent in vitro models confirmed that the
cytokines observed in patients’ serum can be induced by HLA-
DSA-mediated cross talk between glomerular endothelial cells, NK
cells, and monocytes.

To our knowledge, this is the first study demonstrating the
strong association of pro-inflammatory blood cytokine profiles
with presence of HLA-DSA. One previous study found a panel of
6 pro-inflammatory cytokines (TNF-a, IFN-g, IL-1b, IL-6, IL-8/
CXCL8, and IL-17) to be associated with angiotensin II type 1
receptor antibodies, a non-HLA antibody, but not with presence
of HLA-DSA (13). Most of the cytokines that associated with
HLA-DSA in our study are known as potent mediators of the
alloimmune responses and associated injury. The function of
cytokines and chemokines is characterized by pleiotropism,
redundancy, synergism, and antagonism (46), clearly illustrated
by the strong correlations we observed between the proteins. The
signals that stand out primarily reflect IFN-g-related
inflammation including CXCR3 and CCR5 signaling. Levels of
CXCL9/MIG and CXCL10/IP10, ligands to CXCR3, and levels of
the MIP-1 family proteins (especially CCL4/MIP-1b and CCL5/
RANTES), ligands to CCR5, are strongly associated with
diagnosis of presence of HLA-DSA. The importance of these
A B

DC

FIGURE 2 | Associations of the cytokines with HLA-DSA and antibody-mediated rejection in all samples (N = 293). (A) Forest plots of odds ratios for association of
the cytokines with HLA-DSA (N = 38 vs. 255), (B) with HLA-DSA when adjusted for presence of ABMR, (C) with ABMR vs. no ABMR (N = 26 vs. N =267), and (D)
with ABMR when adjusted for presence of HLA-DSA. Blue color indicates associations that were significant after false discovery rate correction (FDR p-value <0.05).
ABMR, antibody-mediated rejection incl. mixed rejection; HLA-DSA, anti-HLA donor-specific antibodies; FDR, false discovery rate.
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receptors in rejection has been demonstrated in literature, as well
as their potential as therapeutic targets (16, 17, 27, 47–52). The
presence of both CXCR3 and CCR5 appears to identify subsets of
NK cells and T cells in blood with a strong predilection for
homing to inflammatory sites (53, 54), and CXCL9/MIG and
CXCL10/IP10 have been well characterized in kidney allograft
rejection (20, 55).
Frontiers in Immunology | www.frontiersin.org 8
Next, the scRNASeq analysis on kidney transplant biopsies
suggested that, although the different cytokines are highly
collinear, they do not originate from the same cells. CXCL9/
MIG is mainly expressed by activated endothelial cells,
whereas CXCL10/IP10 is expressed by both activated
endothelial cells and CD16+ monocytes. These results are in
line with reports showing that CD16+ non-classical
A

B

D E

C

FIGURE 3 | Single-cell RNASeq analysis of the expression distribution of the cytokines of interest across the different cell types distinguished in 7 kidney biopsies
analyzed with scRNASeq (2 ABMR, 5 transplant surveillance biopsies). APCs,antigen-presenting cells; PTS, proximal tubular cells; vSMp, vascular smooth muscle
and pericytes; IC, intercalated cells; PC, principal cells; TAL, thick ascending loop of Henle; DTL, descending thin limb; ECa, activated endothelial cells; ECvr,
endothelial cells of vasa recta; ECptc, endothelial cells of peritubular capillaries and ECg, endothelial cells of glomerulus; cDC, classical dendritic cells; pDC,
plasmacytoid dendritic cells; NK, natural killer cells; NKT, natural killer T cells. (A) UMAP dimensionality reduction of the different cell types clusters and their relation.
(B) Dotplot of the identified cell type cluster based on specific marker features. (C) Heatmap of the cytokine profiles from the clinical experiment and corresponding
expression in the cell types of 7 kidney biopsies. (D) UMAP, dotplot, and heatmap of the antigen-presenting cell cluster and cytokine expression. (E) UMAP, dotplot,
and heatmap of the lymphocyte cluster and cytokine expression.
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monocytes present an increased capacity for antibody-
dependent cellular cytotoxicity (56). Other relevant identified
cytokines are the pro-inflammatory cytokines IL-6, IL-8, IL-9,
and IL-17a.
Frontiers in Immunology | www.frontiersin.org 9
As the scRNASeq analysis suggested expression of the
relevant pro-inflammatory cytokine profiles in kidney
endothelial cells, monocytes, and NK cells, we next performed
in vitro studies to evaluate whether these cytokines were indeed
A

B C

FIGURE 4 | Cell–cell communications derived from scRNASeq data of kidney allograft biopsies. (A) Cytokine and chemokine signaling pathways that were
significant communication pathways in the kidney allograft cells. (B) Most important senders, receivers, mediators, and influencers of the CXCL, CCL, and CX3C
signaling network. (C) Circos plot demonstrating all signals received by activated endothelial cells (ECa), sent by activated endothelial cells, antigen-presenting cells
(APCs), and lymphocytes, illustrating the ligand–receptor pairs.
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produced by these cells upon the presence of HLA-DSA. The
strongest increases in cytokine levels were observed when
combining both NK cells and monocytes with the glomerular
endothelial cells, suggesting a synergistic effect in their cytokine
secretion. These observations suggest that cytokine production in
the presence of HLA-DSA is FcyR-mediated; however, they do
not provide evidence of causality. Future experiments using FcyR
blocking or using only the F(Ab′)2 fragments are needed to
prove causality. In a previous study by Wei et al. (57) studying
Frontiers in Immunology | www.frontiersin.org 10
monocytes and DSA-mediated injury of endothelial cells, using F
(ab′)2 alone induced only upregulation of the antigens on the
endothelial cells, leading to increased tethering and adhesion of
monocytes. Only in the presence of the Fc region was the extra
signal for activation of the monocytes provided, inducing
cytokine secretion, suggesting that FcyR-mediated signaling is
essential for the cytokine production in DSA-mediated injury.

Since the endothelial cells present in the in vitro conditions
could contribute to the cytokine profiles observed in these
A

B

FIGURE 5 | Cytokine profiles in supernatants of NK cells and/or monocytes cocultured with HLA class I antibody-activated glomerular endothelial cells or isotype
antibodies. (A) NK cell experiment using NK cells from 7 human donors, cocultured with human antibody serum (anti-HLA-A2-containing serum or control pooled
serum that was negative for anti-HLA A2) and ciGENC (immortalized glomerular endothelial cells), harvested after 4 h. (B) NK cell and monocyte experiment using
NK cells and CD16+ monocytes from 5 human donors, cocultured with murine antibody (anti-HLA-A, -B, -C, or control isotype) and GENC (primary glomerular
endothelial cells, Cell Systems, USA); harvesting of supernatants was done after 24 h of coculture. Violin plots of the cytokine concentrations (pg/mL) of the
significantly differently expressed cytokines in both conditions, as assessed by a paired parametric T-test of the log10 transformed concentrations.
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supernatants (58, 59), supernatants of glomerular endothelial cells
alone in the presence of a specific anti-HLA antibody vs. isotype
antibody were also analyzed. No significant differences in cytokine
secretion were noted between the two conditions. Together with
the single-cell data, this suggests that endothelial cells express
cytokines, but production is only observed when interacting with
immune cells. For this interaction with immune cells through
chemokines, the ACKR1 receptor, or DARC, was identified as a
common receptor on activated endothelial cells for multiple
incoming chemokine signals of the CXCL and CCL families.
This receptor is known to regulate the dynamics of inflammatory
chemokine presentation on vascular endothelial cells and
chemokine concentrations in plasma (60). The importance of
this receptor in ABMR has been reported previously (28, 61, 62).

Although older studies did demonstrate that HLA class I
antibodies can directly trigger cytokine secretion from
endothelial cells (15, 63), our data are in accordance with the
study of Wei et al., where HLA class I antibodies did not induce
cytokine production directly from endothelial cells derived from
aortic rings, but cell–cell contact of monocytes with antibody-
activated endothelial cells was required for cytokine production
(57). The observation that this is also true for glomerular
endothelial cells used in our experiments, which are more
relevant for kidney microvascular injury, is novel. The
discrepancy with previous studies (15, 63) could be explained
by differences in vascular origin of the endothelial cells or in the
type/concentration of the HLA antibodies.

Our present work challenges the vision that kidney transplant
histology is the gold standard for identification of ongoing
alloimmune processes. The immune activation detectable in
the peripheral blood of patients with HLA-DSA could be an
explanation for the bad outcome observed in patients with HLA-
DSA, even in the absence of histological lesions in the biopsy
(35). This could be related to the observer dependency of kidney
transplant biopsy reading and the risk for sampling error, in
addition to the potential that classic light microscopy is not
sensitive enough for detecting kidney transplant inflammation.
As illustrated previously (64), increased intrarenal rejection-
associated gene transcripts can be observed in biopsy samples
of DSA-positive/ABMR-negative patients, potentially proceeding
to later overt histological injury (65). Given that the pathological
evaluation of biopsies is observer-dependent and subject to
sampling error, inflammatory lesions could be missed or
remain below the thresholds of the Banff classification, yet be
reflected by inflammatory changes detectable in the graft/
circulation. Markers for inflammatory changes in the graft
below the threshold of the Banff classification have been
suggested before, by studying intragraft transcriptional changes
(“molecular microscope”) (66) or donor-derived cell-free DNA
(67) as markers for severity of graft injury to complement the
histological assessment using Banff classification. Our study
illustrates that also blood inflammatory cytokine profiles could
help in objectifying deleterious inflammation in patients at high
risk of rejection but with negative histology. This is further
supported by our finding that patients with HLA-DSA and
enhanced pro-inflammatory signals had worse outcome than
Frontiers in Immunology | www.frontiersin.org 11
HLA-DSA-positive patients without pro-inflammatory signals in
the blood. All of this seems to be in contrast to the study of
Parajuli et al., who did not observe different outcomes in patients
with and without HLA-DSA if the index biopsy was negative for
histological inflammation (68). This previous study was however
focused on first biopsies in the absence of rejection, the study
design is not comparable to our strategy with a relatively short
follow-up time, and the interpretation of these data could be
hampered by inherent selection bias.

There are some limitations to this study. The single-center
nature of our study population, consisting largely of white
Europeans with low to intermediate immunologic risk, treated
mainlywith a tacrolimus-based regimen, limits the generalizability
of thesefindings to other andhigher-risk populations andwarrants
external validation. Second, this study consisted of biopsies
performed at time of graft dysfunction with possible
confounders and inherently excluding cases with subclinical
rejection. All samples were taken in the first year after
transplantation, and the majority in the first 3 months after
transplantation, reflecting the real-life timing of the majority of
indication biopsies but obviating generalization of the results to
biopsies later after transplantation and chronic rejection
phenotypes. Induction therapy was different between the two
clusters, with more induction therapy given to sensitized
patients, and could have confounded cytokine levels early after
transplantation. However, we would expect the induction therapy
to cause a lesser immune activation, whereas here the opposite was
observed. T cell sensitizationwas notmeasured, and its effect could
therefore not be explored in this study. Also, we used a preselected
multiplex assay of cytokines, chemokines, and growth factors, but
other potentially important proteins were not studied.
Downstream analyses were confined to the main clinical
association, namely, DSA-mediated injury. This implies that
other rejection types that could also contribute to cytokine
expression and secretion were not studied in the downstream
analyses. Nevertheless, we did not find indications for their
contribution in the clinical associations. With regard to the in
vitro analysis, we chose to focus on NK cells and non-classical
monocytes, while other cell types capable of antibody recognition
likeCD16+CD8T cells (69),NKTcells, gdT cells, neutrophils, and
macrophages could also play a role in the chemokine profiles
associated with DSA. Moreover, we did not study the effect of
complement, which can cause endothelial injury from antibodies
independent of immune cells (70).We also did not study the effect
of missing self, which could enhanceNK cell activation in addition
to DSA (43, 71). Finally, the in vitro experiments in this study are
not adequate to define the exact cellular source of the
secreted cytokines.

This study did not intend to explore the biomarker potential
of these cytokines. Although biomarker potential is not excluded,
different study design and analyses would be needed to assess
this. Furthermore, one could question the value of peripheral
blood cytokines as clinical biomarkers as we can easily measure
the gold standard, which are the circulating HLA-DSA.

In conclusion, this study demonstrates that blood pro-
inflammatory cytokines are increased in kidney transplant
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patients with HLA-DSA and associate with worse graft survival,
even in the absence of histology of rejection. These observations
illustrate that HLA-DSA can lead to immune activation that is
not always reflected in the histology of the concomitant kidney
biopsy, challenging the concept that histology is the gold
standard for identification of ongoing allo-immune activation
after transplantation.
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Copyright © 2022 Van Loon, Lamartheé, Barba, Claes, Coemans, de Loor, Emonds,
Koshy, Kuypers, Proost, Senev, Sprangers, Tinel, Thaunat, Van Craenenbroeck, Schols
and Naesens. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
February 2022 | Volume 13 | Article 818569

https://doi.org/10.1681/ASN.2014080797
https://doi.org/10.1038/srep34310
https://doi.org/10.1111/ajt.15934
https://doi.org/10.1089/107999099314234
https://doi.org/10.1038/s41586-020-2424-4
https://doi.org/10.1038/s41586-020-2424-4
https://doi.org/10.1038/nri3544
https://doi.org/10.1111/ajt.14200
https://doi.org/10.1111/tri.13904
https://doi.org/10.1097/TP.0b013e3182985504
https://doi.org/10.1097/TP.0b013e3182985504
https://doi.org/10.1038/ki.2014.75
https://doi.org/10.1038/ki.2011.245
https://doi.org/10.1681/ASN.2013111149
https://doi.org/10.1111/ajt.15822
https://doi.org/10.1016/j.ekir.2019.04.011
https://doi.org/10.1016/j.ekir.2019.04.011
https://doi.org/10.1681/ASN.2019080847
https://doi.org/10.1056/NEJMoa1302506
https://doi.org/10.1056/NEJMoa1302506
https://doi.org/10.1681/ASN.2020111558
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Circulating Donor-Specific Anti-HLA Antibodies Associate With Immune Activation Independent of Kidney Transplant Histopathological Findings
	Introduction
	Materials and Methods
	Patient Population
	Histopathology
	Detection of Circulating Anti-HLA Antibodies
	Cytokine Quantification
	Single-Cell RNA Sequencing Data Analysis
	NK Cell and Monocyte Sorting and Coculture With Endothelial Cells
	Statistical Analysis

	Results
	Blood Cytokine Profiles Associate With HLA-DSA
	Cytokine Profiles in Relation to Histological Inflammation
	Association of Blood Cytokines With Future Rejection and Graft Survival
	Cellular Origin of the Cytokine Profiles: Single-Cell RNA Sequencing of Kidney Transplant Biopsies
	Cell–Cell Communication
	Cytokine Secretion in Antibody-Mediated NK Cell and Monocyte Activation

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


