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Background. Mast cells are potential contributors to chronic changes in kidney transplants (KTx). Here, the role of mast
cells (MCs) in KTx is investigated in patients with minimal inflammatory lesions. Methods. Fourty-seven KTx biopsies
(2009-2018) with borderline pathological evidence for T cell-mediated rejection according to the Banff’17 Update were
retrospectively included and corresponding clinical data was collected. Immunohistochemistry for tryptase was performed
on formalin-fixed paraffin-embedded sections. Cortical MCs were counted and corrected for area (MC/mm?). Interstitial
fibrosis was assessed by Sirius Red staining and quantified using digital image analysis (QuPath). Results. Increased MC
number was correlated to donor age (spearman’s r = 0.35, P = 0.022), deceased donor kidneys (mean difference = 0.74, t
[32.5] = 2.21, P = 0.085), and delayed graft function (MD = 0.78, t [33.9] = 2.43, P = 0.020). Increased MC number was also
correlated to the amount of interstitial fibrosis (r = 0.42, P = 0.003) but did not correlate with transplant function over time
(r=-0.14, P = 0.36). Additionally, transplant survival 2 y post-biopsy was not correlated to MC number (mean difference
=-0.02, t [15.36] = -0.06, P = 0.96). Conclusions. MC number in suspicious (borderline) for acute T cell-mediated
rejection is correlated to interstitial fibrosis and time post-transplantation, suggesting MCs to be a marker for cumulative
burden of tissue injury. There was no association between MCs and transplant function over time or transplant survival 2 y
post-biopsy. It remains unclear whether MCs are just a bystander or have pro-inflammatory or anti-inflammatory effects in

the KTx with minimal lesions.
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he immune cell repertoire seen in acute T cell-mediated

rejection (TCMR) is large, including cells as activated
cytotoxic T-cells (CD8+), B-cells, plasma cells, NK-cells, mac-
rophages, and mast cells (MCs). MCs are innate immune cells
that possess immune-modulatory mediators, which can be
released upon contact with pathogens, cellular/tissue injury,
or interactions with other immune cells.!

Activated MCs primed with IgE interact with various T
cells such as helper T cells, CD8+, and regulatory T cells. The
crosstalk with T cells and, in particular, with CD8+ can result
in the development of an acute TCMR in the kidney trans-
plant (KTx) because it is known that CD8+ T cells are a main
player in transplant rejection.*® Research has shown that
in the setting of acute KTx rejection, MCs are increased.**
Additionally, in chronic transplant rejection there is also an
increase in MCs number.”

According to the Banff Classification for Allograft
Pathology, the diagnosis “suspicious (borderline) for TCMR
(bTCMR)” is currently defined as foci of tubulitis (t1 or
greater) with mild interstitial inflammation (i1), or mild (t1)
tubulitis with moderate-severe interstitial inflammation (i2 or
i3).1% The term “bTCMR?” can be interpreted in 2 ways: (1) it
can imply that the diagnosis of TCMR is present, but it falls
short of meeting the criteria established by the Banff diagnos-
tic threshold or (2) it can indicate that the finding is unclear
and may or may not be TCMR. Nankivell et al propose that
bTCMR might be under-sampled form of TCMR and is con-
sidered an unfavorable diagnostic category, characterized
by increased acute and chronic tubular injury, progressive
nephron destruction, dnDSA generation, and new-onset anti-
body-mediated morphologic changes, allograft dysfunction,
and ultimately transplant failure.!* Multivariable predictors
of functional recovery after bTCMR are indication biopsy,
earlier post-transplantation (Tx) time, and delayed graft func-
tion (DGF). Failed functional recovery after bTCMR occurs in
25%-58% and was predicted by interstitial fibrosis and tubu-
lar atrophy, creatinine levels, and chronic vascular scores.!>!?
This suggests that bTCMR could also be a phase of rejection
in which the trajectory is not set in stone or a histologic find-
ing that is treated by some and not treated by others.

MCs are known to be related to the development of inter-
stitial fibrosis in different settings and through different mech-
anisms, including allergic reactions and KTx immunological
mechanisms.>71420 Research on the relationship between
MGCs and fibrosis in KTx patients is limited, and of those,
most identify a pro-fibrotic role of MCs.® Papadimitriou et al
found a strong relationship between MCs and both interstitial
fibrosis and time post-Tx, suggesting MCs to be a marker for
cumulative burden of tissue injury.?! Additionally, Mengel et
al found a distinct pattern of inflammatory molecules, particu-
larly MC-associated transcripts, in scarred areas in KTx biop-
sies, which correlated with poor outcomes.?? Multiple studies
in other solid organ transplants, such as the heart, have dem-
onstrated that MCs also play a role in chronic inflammation
and interstitial fibrosis.?** In contrast, some studies suggest
that MCs can also be mediators for allograft tolerance.?¢-%
This paradoxical relationship between MCs and fibrosis could
be related to intricate cascades of cytokines and proteinases.
MGCs are currently not mentioned in the Banff Classification,
as the clinical impact of these cells in KTx remains unclear.'®

This article reports the presence of MCs in the KTx biopsies
classified as bTCMR, in particular in relation to interstitial
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fibrosis and transplant outcome. The presence of MCs and
fibrosis in KTx biopsies was visualized by multiplex immuno-
histochemistry and correlated to graft function and outcome
at 2 y post-biopsy.

MATERIALS AND METHODS

Patients

We performed a retrospective search in the database of
the Department of Pathology, Erasmus Medical Center,
Rotterdam, The Netherlands. All biopsies with the diagnosis
bTCMR according to the Banff’17 Update between 2009 and
2018 were included. The exclusion criteria were BK viremia,
biopsies with antibody-mediated rejection, and biopsies with a
TCMR in the 3 mo before the indication biopsy. Patient char-
acteristics and demographics were collected with a follow-up
time of 2 y.

The status of the graft function after 2 y was noted (such as
function, no function, death of the patient, or unknown). No
function was defined as return to dialysis. DGF was defined as
the need for renal replacement therapy within the first week
after KTx.

This research has been performed following the Declaration
of Helsinki.?! All transplant procedures have been performed
in accordance with the Declaration of Istanbul.** No trans-
plants from prisoners have been used. Ethical approval of the
inclusion of these patients was obtained from the Medical
Ethical Review Committee MEC-2019-0308.

Materials

Formalin-fixed paraffin-embedded (FFPE) for-cause KTx
biopsies, were obtained from the local archives of the Erasmus
Medical Center Pathology department. Two-micrometer sec-
tions were stained by Hematoxylin and Eosin, Period Acid
Schiff, Jones, Trichrome, and Elastin van Gieson techniques
according to standard diagnostic protocol. Additionally,
immunohistochemistry for C4d was performed on a 4-um
FFPE section. Cases were re-evaluated for the diagnosis of
bTCMR (including scoring for the individual lesion “i” and
“t”) and assessed for adequacy according to the Banff’17
Update (J.P.D., M.R., and M.C.v.G.).'%333% An extra 4-um
FFPE section containing tonsil tissue as a positive control and
liver tissue as a negative control was included on each slide
as a quality control of the multiplex immunohistochemical
staining.

Sirius Red

To assess the amount of fibrosis, that is, collagen I and
III depositions, we performed a Sirius Red staining. Four-
micrometer FFPE sections were cut and put on glass slides and
subsequently baked for 20min at 60°C. Slides were de-par-
affinized and rehydrated through a passage through decreas-
ing ethanol series. The slides were then pre-differentiated for
Smin using 0.2% phosphomolybdic acid followed by 45 min
of incubation with 0.1% Sirius Red solution.

Immunohistochemistry for Tryptase and CD34
Tryptase was used to detect MCs; CD34 staining, an
endothelial cell marker, was used to visualize the glomerular
and tubular interstitial compartments. The corresponding
second section of each biopsy was stained by chromogenic
multiplex staining: briefly, after de-paraffinization, CCl1
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(#950-124; Ventana Medical Systems, Tucson, AZ) antigen
retrieval was performed for 64 min at 95°C, followed by incu-
bation for 8 min with the Discovery inhibitor (#760-4840;
Ventana Medical Systems). Primary antibody CD34 (#790-
2927; Ventana Medical Systems) was incubated for 32 min at
37°C, followed by detection with OmniMap goat-anti-rabbit
HRP (#760-4311; Ventana Medical Systems), and visual-
ized using purple kit for 32 min. A CC2 (#950-123, Ventana
Medical Systems) 100°C stripping step was performed for
8 min. Tryptase (#760-4276; Ventana Medical Systems) was
incubated at 37°C for 32min, followed by secondary anti-
body, OmniMap goat-anti-mouse HRP (#760-4310; Ventana
Medical Systems) at 37°C for 24 min, and visualized with
3,3’-Diaminobenzidine (#760-229; Ventana Medical Systems)
for 32min. Finally, Hematoxylin II (#790-2208; Ventana
Medical Systems) was used to counter stain for 8 min and
then a blue coloring reagent (#760-2037; Ventana Medical
Systems) for 4 min according to the manufactures instructions
(Ventana Medical Systems).

Digital Quantification

After staining, the slides were scanned with a digital scan-
ner (Hamamatsu NanoZoomer, Japan) under 40x enlarge-
ment for further analysis, resulting in a resolution of 0.2277
um/pixel. The scanned slides were analyzed using QuPath:
Quantitative Pathology and Bioimage analysis software, ver-
sion 0.2.3.35 Cortical areas were annotated by hand, with the
following structures being excluded from the annotation:
the outer renal capsule; all medium- and large-sized arteries,
veins, arterioles, and venules bigger than the adjacent tubule;
tissue artifacts that in any way could distort the analysis. A
pixel thresholder was used to calculate the total area stained
by Sirius Red. MCs were counted using the QuPath manual
counting function.

Statistical Analysis

Statistical analysis was performed using SPSS software
version 25 (IBM Corp., 2017). Mann-Whitney U tests were
performed to compare clinical and biological data with graft
function. Independent samples (Student’s) t-tests and Welch’s
tests were performed to compare biopsy data with clinical
outcome parameters. G-tests (log-likelihood ratio, a derivative
of %2) were performed between categorical variables (donor-
type, [no] DGEF, and graft function/loss at t1). A 2-sided sig-
nificance level (a) of 0.05 was used in all analyses.

RESULTS

Patient Characteristics

A total of 53 biopsies classified as bTCMR according to
the 2017 Banff Update classification were included. Twenty-
eight biopsies had no inflammation or <10% inflammation of
unscarred cortical parenchyma (i0) and 25 biopsies had inflam-
mation in 10%-25% of unscarred cortical parenchyma (il).
Five samples were excluded because of an inadequate amount
of cortical tissue in accordance with the Banff Classification.
Table 1 shows the demographic and Tx characteristics, includ-
ing age, sex, graft type, human leukocyte antigen mismatch,
presence of DGEF, graft loss, and follow-up of serum creatinine.
Patient characteristics in relation to graft outcome are depicted
in Table 2. Donor age at Tx, DGEF, and serum creatinine at the
time of biopsy are correlated to inferior outcomes.
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Patient demographics and Tx characteristics

Characteristic n =48 (%)
Recipient sex
Male 36 (75)
Female 12 (25)

Recipient age at Tx
Mean (SD), range (min to max)

49.02 (15.66), 18 10 78

Donor type
Living 32 (66.7)
Circulatory death 10 (20.8)
Brain death 6(12.9)

Donor age at Tx

Mean (SD), range (min to max) 52.74 (13.57), 8 to 71

D since Tx
Mean (SD), range (min to max) 193.69 (341.24), 4 t0 1321
Status at'y 2 (+3 mo)
Functioning graft 36 (75)
Graft loss 8(16.7)
Death 24.2)
“Other” 242
HLA mismatch?
0 48.3)
1 1(21)
2 5(10.4)
3 14 (29.2)
4 9(18.8)
5 9(18.8)
6 6(12.5)
Delayed graft function* (DGF)
DGF 15 (25.5)
No DGF 32 (74.5)

Serum creatinine at biopsy

Mean (SD), range (min to max)
Serum creatinine slope

Mean (SD), range (min to max)

201 (67.06), 125 to 400

—-0.93(16.99), —31.32 t0 53.76

2HLA mismatch was calculated by combining HLA-A, HLA-B, and HLA-DR mismatch scores.
n=47.
DGF, delayed graft function; Tx, transplant.

MCs

MCs were visualized in the cortical area of the biopsy by
tryptase staining (the medulla was excluded from analysis).
MCs were normalized for tissue area to MCs per mm2 (MC/
mm?2). On average, 10.79 MCs were found per mm? in the
cortical area of the biopsy, ranging from 0 MC/mm? to 76.55
MC/mm?2 (Table 3). Because MC/mm?2 was distributed loga-
rithmically, lognormal conversion was applied ((In)MC/mm?2).
One patient was removed from the analysis because of a count
of zero MC/mm?2 (Z = -4.24).

MCs were primarily present in the interstitial compart-
ment. Fewer MCs were present in or directly under the capsu-
lar tissue or in the area surrounding vascular tissue, especially
on the border of inflammatory clusters. Figure 1 shows an
example of an inflammatory cluster.

Almost no MCs were found in the glomerular or vas-
cular compartment. No MCs were found in the lumen of
arteries, veins, and capillaries. Therefore, no quantifica-
tion of MCs was performed in these areas. Figure 2 shows
examples of the interstitial compartment, the glomeru-
lar compartment, and medium-sized vessels in bTCMR
biopsies.
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Association between clinical and biological parameters
and graft function.

No graft failure, Graft failure,
Parameter (n = 48) n =37 (%) n=11 (%) P
Recipient sex
Male 27 (73) 8(73) 0.987
Female 10 (27) 3(27)
Recipient age at Tx
Mean (SD) 47 (16) 48 (14) 0.816
Donor age at Tx
Mean (SD) 50 (15) 60 (8) 0.021
Donor type
Living 26 (70) 8(73) 0.876
Deceased 11(30) 3(27)
D till first KTx biopsy
Mean (SD) 236 (378) 116 (120) 0.922
Delayed graft function (DGF)
Yes 11 (30) 8(73) 0.007
No 26 (70) 3(27)
Serum creatinine at time of biopsy
Mean (SD) 157 (43) 268 (160) 0.004
Serum creatinine slope
Mean (SD) 0.04 (19.02) -1.19 (11.68) 0.741

PValue was calculated using the Mann-Whitney U test.
DGF, delayed graft function; KTx, kidney transplant; Tx, transplantation.

Mast cells and interstitial fibrosis in the cortical area in
bTCMR biopsies

Characteristic, n = 47

0-76.55
5.76-32.36

MC/mm? (Mean [SD], range [min—max])
Area % SR (Mean [SD], range [min—max])

10.79 (13.8)
17.80 (6.5)

Area % SR, area percentage Sirius Red staining in cortical area of the biopsy; bTCMR, suspi-
cious (borderling) for acute T cell-mediated rejection; MC/mm?, mast cells found per mmz2 in the
cortical area of the biopsy.

MCs and Patient Characteristics

MC/mm? was significantly correlated to the time post-
Tx, with r = 0.67 and P < 0.001. The number of MC/mm?2
increased with the duration after Tx (Figure 3). Patients who
had their biopsy taken >6 mo post-Tx had almost 3 times
more MCs/mm? than patients who had their biopsy within 6
mo post-Tx (on average 21.01 and 7.96, respectively). Donor
age was significantly correlated to the number of MC/mm?2 (r
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FIGURE 1. Renal cortex with an inflammatory area (black arrow),
surrounded by MCs. Brown/3,3’-Diaminobenzidine: tryptase (MCs)
(brown arrow); purple: CD34 (endothelium of blood vessels/capillaries)
(purple arrow). MC, mast cell.

= 0.35, P = 0.022). Having a deceased donor type and DGF
were also significantly correlated to the number of MC/mm?
(respectively, P = 0.035 and P = 0.020).

MCs and Fibrosis

Area percentage Sirius Red staining in cortical area of
the biopsy (area % SR), depicting collagen I and II deposi-
tions, varied between 5.76% and 32.36%, with an average of
17.80% (Table 3). Figure 4 shows examples of the presence of
MCs and interstitial fibrosis. The number of (lognormal) MCs
per mm? was significantly correlated to the area % SR stain-
ing in the biopsy, with r = 0.42 and P = 0.003. Here, a higher
MC count was found in cases with a higher area % SR stain-
ing (Figure 5). Interestingly, there was no significant correla-
tion between interstitial fibrosis and time post-Tx (r = 0.20, P
=0.15). MC/mm?, area % SR and the individual Banff Lesion
Score (i = interstitial inflammation) of all (n = 48) bTCMR
biopsies are presented in the Supplementary Digital Content
(Table S1, SDC, http:/links.lww.com/TXD/AS525).

MCs and Transplant Function

No significant relationship was found between MC/mm?
and serum creatinine at the time of biopsy or creatinine slope
after biopsy. Also, the MC/mm? did not correlate with the
graft loss at 2 y after biopsy (Table 4).

DISCUSSION

In for-cause KTx biopsies classified as bTCMR, we investi-
gated the presence of MCs and their relationship with fibrosis

FIGURE 2. Examples of the presence of mast cells (MCs) in the renal cortex. (A) Interstitial compartment with multiple MCs. (B) Area with 2
glomeruli without MCs. (C) Medium-size vessels without MCs. Brown/3,3’-Diaminobenzidine: tryptase (MCs); purple: CD34 (endothelium of

blood vessels/capillaries). MC, mast cell.


http://links.lww.com/TXD/A525

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Lognormal MCimm?

Varol et al 5

graft loss
. aty2
@ no graft loss
L] M graft loss

R Linear = 0,452

0 2 4

Lognormal time since Tx

FIGURE 3. Time (mo) since Tx (lognormal) plotted against mast cells per mmz2 (lognormal). Subgroups represent donor type. There was a
significant relationship between time since Tx and MC/mm?2, with higher MC counts in patients with a longer time between Tx and biopsy (r =
0.672, P < 0.001, black line). There were no significant between-group effects. MC, mast cell; Tx, transplant.

and subsequently transplant function 2 y after biopsy. The
number of MCs in bTCMR biopsies was positively correlated
to the amount of interstitial fibrosis. Interestingly, those KTx
recipients with DGF had an increased number of MCs in their
KTx biopsy classified as bTCMR compared with those without
DGE

Previous research showed a native normal kidney contains
between 1.08 and 9.1 MC/mm?2 on average,”**** and up to
2.7-13.88 MC/mm? in KTx biopsies classified with rejec-
tion. For the samples with rejection, it is not stated whether
these cases included transplant biopsies with minimal inflam-
matory cells as in bBTCMR.”"** We found an average of 10
MC/mm? in for-cause KTx biopsies classified with bTCMR.
This, however, had no apparent correlation to KTx out-
come because many patients showed a slight improvement
in function rather than loss at 2 y after biopsy. Time post-
Tx was an important predictor for MCs/mm? at the time of
for-cause biopsy because the number of MCs increased over
time. This is in accordance with previous research showing a
strong correlation between MCs and both interstitial fibrosis
and time post-Tx, suggesting MCs to be a marker for cumula-
tive burden of tissue injury.?! Microarray analysis has shown
that there is a positive relation between interstitial fibrosis and
tubular atrophy and MCs in KTx biopsies, although the effect
is rather late to implicate causation.’” This suggests that MC
influx is not the cause but rather the result of nephron loss
and transplant damage.

Having DGF was positively correlated to MC/mm?2 within
the biopsy, as was having a deceased donor. The role of MCs
in ischemia and reperfusion injury in KTx patients is complex.
Most studies on ischemia and reperfusion injury have been
performed in animals, and data from human beings are lack-
ing.>® Multiple animal studies have indicated that MC-derived
pro-inflammatory cytokines and chemotactic endothelial—cell
interactions promote ischemia and reperfusion injury.®#

® 'l i e Al

FIGURE 4. Examples of the presence of MCs and interstitial fibrosis.
(A) Renal cortex with multiple MCs. The purple arrow depicts a small
vessel, also notice the glomerulus with multiple capillaries. The brown
arrow depicts an MC. (B) Area with dense interstitial fibrosis (blue
arrow) and areas of loose or no fibrosis (green arrow). Brown/3,3’-
Diaminobenzidine: tryptase (MCs); purple: CD34 (endothelium of blood
vessels/capillaries). Red: Sirius Red staining (fibrosis). MC, mast cell.

More research on the effects of ischemia and reperfusion
damage on the KTx is needed to gain more insights into their
role in this process.
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FIGURE 5. MCs in relation to fibrosis. Subgroups represent donor type (A) and delayed graft function (B). The dotted line represents the total
correlation. The correlation between MC/mm? and area % SR staining was significant, with a higher MC count relating to a higher area % SR
staining (r = 0.418, P = 0.003). Both MC/mm? and delayed graft function predicted area % SR independently (R2 change = 0.12, P change =
0.01; B/ = 0.3, P =0.028; B, = 0.36, P = 0.01). Red line represents the relationship between MC/mm? and area % SR staining in patients
with delayed graft function, the blue line represents the same for patients without delayed graft function. Area % SR, area percentage Sirius Red

staining in cortical area of the biopsy; MC, mast cell.

Additional investigations focusing on MC phenotypes in
KTs could be of interest as MCs mature in peripheral tissues
and adjust their molecular expression profiles. In particular,
the focus should be directed to the chymase-positive MC
subtype as chymase is being a seemingly more potent pro-
tease.”®** Another interesting subtype is the tryptase- and
chymase-positive MC. Ishida et al. found that increases in the
number of total MCs and a higher ratio of the tryptase- and
chymase-positive MC to total MC in early biopsy specimens
were related to the decline of long-term graft function and
fibrosis.?*

The MC count in for-cause biopsies with bTCMR was
not significantly correlated to serum creatinine at the time of
biopsy or to long-term graft function or survival. Interestingly,

many patients showed a nonsignificant trend toward improve-
ment in function rather than loss at 2 y after biopsy. This
could be in line with various studies suggesting a beneficial
role of MCs during post-Tx period and in induction of T-cell
tolerance.*** Assuming that bTCMR could possibly be seen
as a phase of rejection in which the trajectory is not set in
stone, it would be interesting to investigate whether MCs con-
tribute to the restoration of KTx function by extending the
follow-up duration and explore the functions and complex
cascades of MCs.

Our study has several limitations. Firstly, our study has a
relatively short follow-up time of 2 v, so possibly too short to
investigate the relationship between MC and long-term clini-
cal outcome defined as graft function 2 y post-biopsy was not
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Association between clinical and biological parameters
and MC/mm?

(In)MC/mm?

Parameter (n = 47) Statistic P

Recipient sex (1 = male)? MD =0.21,1(15.65) = 0.49 0.628
Recipient age at Tx r=-0.06 0.714
Donor age at Tx** r=0.35 0.022
Donor type (1 = deceased) MD =0.74,1(32.5) = 2.21 0.035
Delayed graft function (1 = DGF)? MD = 0.78, 1 (33.86) = 2.43 0.020
Serum creatinine at t0° r=0.05 0.381
% SR° r=0.42 0.003
Serum creatinine slope® r=-0.04 0.606
Graft loss at t1 (1 = graft loss) ® MD = -0.02, 1 (15.36) = —0.06 0.956

Total average M=1.65,SD =1.48

aWelch's test (f).

"Pearson’s correlation (7).

*N =42,

DGF, delayed graft function; MD, Mean Difference; M, Mean; MC/mm?, mast cells found per mm2
in the cortical area of the biopsy; % SR, percentage Sirius Red staining in cortical area of the
biopsy; Tx, transplant.

found in our study. However, MC number was correlated to
cortical fibrosis, a marker that is known to be related to inferior
graft outcome.***® Therefore, it would not be inconceivable that
a significantly different outcome would emerge with a longer
follow-up period. Although the sample size was relatively large
for an exploratory study, our study consisted of only one group
(being bTCMR), and the number of patients with graft loss was
relatively low (9 of 48), resulting in a lack of statistical power.

In conclusion, we have shown that there is a positive cor-
relation between MCs and both interstitial fibrosis and time
post-Tx in for-cause biopsies classified as bTCMR, suggesting
MCs to be a marker for cumulative burden of tissue injury. MC
count was also correlated to having a deceased donor and DGE,
suggesting that MCs could play a role in ischemia and reperfu-
sion injury. In multiple studies, MCs are described as immuno-
regulators with both pro- and anti-inflammatory functions and
potentially both positive and detrimental effects on long-term
transplant function and tissue remodeling depending on the
milieu and complex cascade. It remains unclear whether MCs
are just a bystander or might have a pro- or anti-inflammatory
effect in KTx biopsies classified as bTCMR.

ACKNOWLEDGMENTS

The authors thank D. Kortekaas of the Department of
Pathology at the Erasmus Medical Center, Rotterdam for
her excellent technical assistance. We also thank B. Sleddens,
Master Student, Erasmus Medical Center, Rotterdam for
helping to collect the clinical data.

REFERENCES

1. St John AL, Abraham SN. Innate immunity and its regulation by mast
cells. J Immunol. 2013;190:4458-4463.

2. Dudeck J, Froebel J, Kotrba J, et al. Engulfment of mast cell secre-
tory granules on skin inflammation boosts dendritic cell migration and
priming efficiency. J Allergy Clin Immunol. 2019;143:1849-1864.e4.

3. Elieh Ali Komi D, Ribatti D. Mast cell-mediated mechanistic pathways
in organ transplantation. Eur J Pharmacol. 2019;857:172458.

4. Rocha PN, Plumb TJ, Crowley SD, et al. Effector mechanisms in
transplant rejection. Immunol Rev. 2003;196:51-64.

o]

~

10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

Varol et al 7

. Lajoie G, Nadasdy T, Laszik Z, et al. Mast cells in acute cellular rejec-
tion of human renal allografts. Mod Pathol. 1996;9:1118-1125.
. van der Elst GV H, Hermans M, Baan CC, et al. The mast cell: A Janus
in kidney transplants. Front Immunol. 2023;14:1122409.
. Yamada M, Ueda M, Naruko T, et al. Mast cell chymase expression
and mast cell phenotypes in human rejected kidneys. Kidney Int.
2001;59:1374-1381.
Ishida T, Hyodo Y, Ishimura T, et al. Mast cell numbers and protease
expression patterns in biopsy specimens following renal transplanta-
tion from living-related donors predict long-term graft function. Clin
Transplant. 2005;19:817-824.
Pardo J, Diaz L, Errasti P, et al. Mast cells in chronic rejection of human
renal allografts. Virchows Arch. 2000;437:167-172.
Loupy A, Haas M, Roufosse C, et al. The Banff 2019 kidney meeting
report (i): updates on and clarification of criteria for t cell- and anti-
body-mediated rejection. Am J Transplant. 2020;20:2318-2331.
Nankivell BJ, Agrawal N, Sharma A, et al. The clinical and pathological
significance of borderline T cell-mediated rejection. Am J Transplant.
2019;19:1452-1463.
Saad R, Gritsch HA, Shapiro R, et al. Clinical significance of renal
allograft biopsies with “borderline changes,” as defined in the Banff
Schema. Transplantation. 1997;64:992-995.
Schweitzer EJ, Drachenberg CB, Anderson L, et al. Significance of the
Banff borderline biopsy. Am J Kidney Dis. 1996;28:585-588.
Chen H, Xu'Y, Yang G, et al. Mast cell chymase promotes hypertrophic
scar fibroblast proliferation and collagen synthesis by activating TGF-
betal/Smads signaling pathway. Exp Ther Med. 2017;14:4438-4442.
. Qu Z, Huang X, Ahmadi P, et al. Synthesis of basic fibroblast growth
factor by murine mast cells. Regulation by transforming growth factor
beta, tumor necrosis factor alpha, and stem cell factor. Int Arch Allergy
Immunol. 1998;115:47-54.
Qu Z, Kayton RJ, Ahmadi P, et al. Ultrastructural immunolocaliza-
tion of basic fibroblast growth factor in mast cell secretory granules.
Morphological evidence for bfgf release through degranulation. J
Histochem Cytochem. 1998;46:1119-1128.
Kofford MW, Schwartz LB, Schechter NM, et al. Cleavage of type |
procollagen by human mast cell chymase initiates collagen fibril for-
mation and generates a unique carboxyl-terminal propeptide. J Biol
Chem. 1997;272:7127-7131.
Levi-Schaffer F, Piliponsky AM. Tryptase, a novel link between allergic
inflammation and fibrosis. Trends Immunol. 2003;24:158-161.
Yapici U, Kers J, Bemelman FJ, et al. Interleukin-17 positive
cells accumulate in renal allografts during acute rejection and
are independent predictors of worse graft outcome. Transpl Int.
2011;24:1008-1017.
Roberts IS, Brenchley PE. Mast cells: the forgotten cells of renal fibro-
sis. J Clin Pathol. 2000;53:858-862.
Papadimitriou JC, Drachenberg CB, Ramos E, et al. Mast cell
quantitation in renal transplant biopsy specimens as a potential
marker for the cumulative burden of tissue injury. Transplant Proc.
2013;45:1469-1471.
Mengel M, Reeve J, Bunnag S, et al. Molecular correlates of scarring
in kidney transplants: the emergence of mast cell transcripts. Am J
Transplant. 2009;9:169-178.
Koskinen PK, Kovanen PT, Lindstedt KA, et al. Mast cells in acute and
chronic rejection of rat cardiac allografts—A major source of basic
fibroblast growth factor. Transplantation. 2001;71:1741-1747.
Li QY, Raza-Ahmad A, MacAulay MA, et al. The relationship of mast
cells and their secreted products to the volume of fibrosis in posttrans-
plant hearts. Transplantation. 1992;53:1047-1051.
Zweifel M, Hirsiger H, Matozan K, et al. Mast cells in ongoing acute
rejection: increase in number and expression of a different phenotype
in rat heart transplants. Transplantation. 2002;73:1707-1716.
El-Koraie AF, Baddour NM, Adam AG, et al. Role of stem cell fac-
tor and mast cells in the progression of chronic glomerulonephritides.
Kidney Int. 2001;60:167-172.
Bengatta S, Arnould C, Letavernier E, et al. MMP9 and SCF pro-
tect from apoptosis in acute kidney injury. J Am Soc Nephrol.
2009;20:787-797.
Liu H, Liu F, Peng Y, et al. Role of mast cells, stem cell factor and pro-
tease-activated receptor-2 in tubulointerstitial lesions in IgA nephropa-
thy. Inflamm Res. 2010;59:551-559.
El Kossi MM, Haylor JL, Johnson TS, et al. Stem cell factor in a
rat model of serum nephrotoxic nephritis. Nephron Exp Nephrol.
2008;108:e1-e10.



8

31.

32.

33.

34.

35.

36.

37.

38.

39.

Transplantation DIRECT m 2023

. Stokman G, Stroo |, Claessen N, et al. Stem cell factor expression
after renal ischemia promotes tubular epithelial survival. PLoS One.
2010;5:214386.

WMA. Wma Declaration Of Helsinki— Ethical Principles For Medical
Research Involving Human Subjects. 2018.

Society TT. The Declaration of Istanbul on Organ Trafficking and
Transplant Tourism. 2018.

Roufosse C, Simmonds N, Clahsen-van Groningen M, et al. A 2018
reference guide to the banff classification of renal allograft pathology.
Transplantation. 2018;102:1795-1814.

Haas M, Loupy A, Lefaucheur C, et al. The banff 2017 kidney meet-
ing report: revised diagnostic criteria for chronic active T cell-medi-
ated rejection, antibody-mediated rejection, and prospects for
integrative endpoints for next-generation clinical trials. Am J Transplant.
2018;18:293-307.

Bankhead P, Loughrey MB, Fernandez JA, et al. QuPath: open source
software for digital pathology image analysis. Sci Rep. 2017;7:16878.
Rascio F, Pontrelli P, Netti GS, et al. IgE-mediated immune
response and antibody-mediated rejection. Clin J Am Soc Nephrol.
2020;15:1474-1483.

Halloran PF, de Freitas DG, Einecke G, et al. The molecular phenotype
of kidney transplants. Am J Transplant. 2010;10:2215-2222.

Yang MQ, Ma YY, Ding J, et al. The role of mast cells in ischemia and
reperfusion injury. Inflamm Res. 2014;63:899-905.

Su M, Chi EY, Bishop MJ, et al. Lung mast cells increase in number
and degranulate during pulmonary artery occlusion/reperfusion injury
in dogs. Am Rev Respir Dis. 1993;147:448-456.

40.

41.

42.

43.

44.

45.

46.

47.

48.

www.transplantationdirect.com

Wingard CJ, Walters DM, Cathey BL, et al. Mast cells contrib-
ute to altered vascular reactivity and ischemia-reperfusion injury
following cerium oxide nanoparticle instillation. Nanotoxicology.
2011;5:531-545.

Vural KM, Liao H, Oz MC, et al. Effects of mast cell membrane stabiliz-
ing agents in a rat lung ischemia-reperfusion model. Ann Thorac Surg.
2000;69:228-232.

Banga A, Han YC, Wang XF, et al. Mast cell phenotypes in the allograft
after lung transplantation. Clin Transplant. 2016;30:845-851.

Buvry A, Garbarg M, Dimitriadou V, et al. Phenotypic and quantitative
changes in mast cells after syngeneic unilateral lung transplantation in
the rat. Clin Sci (Colch). 1996;91:319-327.

Boerma M, Fiser WP, Hoyt G, et al. Influence of mast cells on out-
come after heterotopic cardiac transplantation in rats. Transpl Int.
2007;20:256-265.

Lu LF, Lind EF, Gondek DC, et al. Mast cells are essential intermediar-
ies in regulatory T-cell tolerance. Nature. 2006;442:997-1002.

Diaz Encarnacion MM, Griffin MD, Slezak JM, et al. Correlation of
quantitative digital image analysis with the glomerular filtration rate in
chronic allograft nephropathy. Am J Transplant. 2004;4:248-256.
Cosio FG, Grande JP, Larson TS, et al. Kidney allograft fibrosis and
atrophy early after living donor transplantation. Am J Transplant.
2005;5:1130-1136.

Grimm PC, Nickerson P, Gough J, et al. Computerized image anal-
ysis of Sirius Red-stained renal allograft biopsies as a surrogate
marker to predict long-term allograft function. J Am Soc Nephrol.
20083;14:1662-1668.



