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Abstract

Background—The burden of mast cell (MC) infiltration and their phenotypes, MC-tryptase
(MC+) and MC-tryptase/chymase (MC+c), after lung transplantation (LT) has not been evaluated
in human studies.

Methods—We reviewed 20 transbronchial lung biopsy (TBLB) specimen from patients with
early normal allograft (<6 months post-LT, n=5), late normal allograft (>6 months, n=5), A2 or
worse acute cellular rejection (ACR, n=5), and chronic lung allograft dysfunction (CLAD, n=5).
Slides were immunostained for tryptase and chymase. Total MC, MC+, MCt¢ and MCr¢ to-MC+
ratio were compared between the four groups using a generalized linear mixed model.

Results—Irrespective of clinicopathologic diagnosis, MC burden tends to increase with time
(=56, P=.009). MCt¢ phenotype was significantly increased in the CLAD group (8.2+4.9 cells
per HPF) in comparison with the other three groups (early normal: 1.6£1.7, £=.0026; late normal:
2.542.3, P=.048; ACR: 2.7£3.5, P=.021). Further, the ratio of MCt¢ to MC was significantly
increased in CLAD group as compared to the other three groups (~£<.001 for all comparisons).

Conclusions—The burden of MC may increase in the allograft as function of time. Patients with
CLAD have an increased relative and absolute burden of MCt¢ phenotype MC. Future studies are
needed to confirm these findings and evaluate the potential pathologic role of MCr¢ in allograft
dysfunction.
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1| INTRODUCTION

An increasing number of lung transplantations (LTs) are being performed every year.!
Despite better perioperative outcomes, long-term survival of patients with LT remains
inferior to those after other forms of solid organ transplantation. This is largely driven by
early development of chronic rejection, which is the most common cause of mortality after
first year.! The pathologic hallmark of chronic rejection after LT is obliterative bronchiolitis
(OB)23 with bronchiolitis obliterans syndrome (BOS) as its clinical correlate.* However, it
has been recognized that diverse clinical entities (or phenotypes) may lead to a decline in
allograft function and the use of an umbrella term, chronic lung allograft dysfunction
(CLAD), has been recommended by the International Society for Heart and Lung
Transplantation (ISHLT).>

There is growing evidence implicating the innate immune system in causing allograft injury.
In this context, mast cells (MCs) modulate the adaptive immune response through release of
cytokines such as tumor necrosis factor-a, facilitate the recruitment T cells to sites of
inflammation, and enhance interactions with antigen presenting cells.6 Several
investigators have confirmed an increase in the number of MC in the allograft after heart,®
kidney,? and lungl? transplantation with further increases in the presence of acute rejection.
Although this was initially believed to suggest a proinflammatory role for MCs, subsequent
analyses pointed toward an immunomodulatory effect.11-12 Notwithstanding the short-term
potentially favorable effects, prolonged presence of activated MC appears to be detrimental
to the allograft.10.13-17 These data support a dual role for MCs where the protective effect
against acute rejection coexists with profibrotic potential that may be mediated via different
MC phenotypes. It is noteworthy that profibrotic potential of MCs is well recognized across
diverse disease processes and organ systems including lung (idiopathic pulmonary fibrosis,
airway remodeling in asthma), skin (chronic atopic dermatitis), and kidneys (renal
fibrosis).18

Mast cells can be histologically classified based upon their protease content, with those
expressing tryptase only designated as MCy and those positive for tryptase and chymase
designated MCr¢.1920 MC phenotype has been reported to change with time after kidney
transplantation with increase in MCrc correlating with severity of interstitial fibrosis.?! It
has also been demonstrated that MC+ are the predominant phenotype in normally
functioning kidney allograft, and MCt¢ become the dominant phenotype at 100 days with
their numbers correlating with the extent of allograft fibrosis.22

The role of MC phenotypes among patients with LT has not been studied. It is not known if
a “phenotypic switch” similar to renal allograft also occurs after LT. In this study, we
explore the extent of MC infiltration and their phenotypes among patients with LT during
different clinicopathologic stages.
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2 | METHODS

This was a retrospective chart review study with immunofluorescence staining of
transbronchial lung biopsy (TBLB) samples. The study was conducted with institutional
review board approval with waiver of informed consent.

From the lung transplant database, we identified five patients where TBLB specimens were
available corresponding to the following four clinical stages: early post-transplant (<6
months) with no clinical, spirometry or histological evidence of allograft dysfunction (early
normal group); late post-transplant (>6 months) with no clinical, spirometry or histological
evidence of allograft dysfunction (late normal group); acute cellular rejection (ACR) of A2
or higher severity on TBLB (ACR group); and clinical diagnosis of CLAD (CLAD group).
The diagnosis and severity of ACR had been made previously by the lung pathologist per
standard guidelines.23 Diagnosis of CLAD was based upon persistent (at least 3 months),
unexplained allograft dysfunction defined by FEV; and/or FVC <90% from baseline.®
Baseline lung function was defined as the average of two best post-transplant values for
FEV and FVC obtained at least 3 weeks apart.

2.1 | Clinical and demographic data

Variables recorded from the patient’s chart included donor and recipient demographics,
panel-reactive antibody (PRA), date, type, and indication for transplant, cross-match results,
cytomegalovirus and Epstein-Barr virus matching status, type of surgery, post-transplant
course including primary graft dysfunction, number of ACR episodes, and severity before
CLAD, presence of any donor-specific antibodies preceding the diagnosis of CLAD, time to
development of CLAD, and its phenotype. Stage of obstructive CLAD was also recorded.®
Per the institutional protocol, all patients had been started on azithromycin after
transplantation and were already on it when CLAD was diagnosed. After the workup for
alternate causes of allograft dysfunction including bronchoscopy, patients were treated with
antithymocyte globulin with stabilization of lung functions in one of the patients with
obstructive CLAD.

2.2 | Immunofluorescence staining

Five micron tissue sections from TBLB samples were deparaffinized and rehydrated.
Antigen retrieval was performed using proteinase K treatment and heating in citrate buffer
pH.6.0. Slides were immunostained using the mouse antitryptase antibody (1:500 dilution;
Promega, G3361, Madison, WI, USA) and the goat antichymase (1:150 dilution; Abcam,
clone CC1, Cambridge, MA, USA) antibodies and detected with donkey anti-mouse FITC
(1:1000 dilution) and donkey anti-goat alexa 594 (1:500 dilution; Life Technologies,
Carlsbad, CA, USA). Sections were counterstained with DAPI for nuclear staining and
analyzed using the Image-Pro software (MediaCybernetics, Rockville, MD, USA) with cell
counts reported per high-power fields (HPF). Ten HPF focused on the alveolar tissue in the
TBLB were counted for each specimen. MC phenotypes were differentiated in to MC+ and
MC+¢ based on immunofluorescence staining. The number of MCt, MCt¢ and the ratio of
MC+ to MCyc were compared between the four groups. Samples were independently
analyzed by two investigators (AB and YH) who were blinded to the clinical data.
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2.3 | Statistical analysis

Data were described using mean with standard deviations and proportions as appropriate.
Spearman correlation analysis was utilized to study the association between the days since
transplantation and mast cell counts on TBLB. Generalized linear mixed modeling (GLM)
was used for comparing each outcome variable (total MC, MC+, MCy¢ and ratio) among the
four groups. Data on the total MC, MC+ and MC+¢ counts were considered continuous, and
a negative binomial distribution was used. The ratio of MCt to MCy¢ was considered
continuous data and analyzed as a normal distribution. Pairwise comparisons among the
least square means of each group were performed with adjustment for multiple comparisons
using the Tukey-Kramer method. All analyses are two-tailed and were performed at a
significance level of .05. SAS 9.3 software (Cary, NC, USA) was used for all analyses.

3 | RESULTS

Baseline demographic and clinical characteristics of the patients are presented in Table 1.
Idiopathic pulmonary fibrosis was the most common indication for transplantation. Mean
number of days post-transplant at which the biopsies were performed for each groups was
79 +23 days (range 38-103 days) for early normal group, 309+38 days (range 268-381
days) for late normal group, 170117 days (range 30-332 days) for ACR group, and
7154219 days (365-912 days) for CLAD group.

Mean total MC, MCy, MC+¢ and the ratio of MCt¢ to MCr+ in each biopsy specimen for all
the groups are presented in Table 2. Irrespective of the group, there appeared to be a trend
toward progressive increase in the number of MC with time after transplantation. There was
a positive correlation between the number of days post-transplantation and the number of
MC. This association was statistically significant for total MC (Spearman correlation
coefficient, 2=.56, P=.009, Fig. 1A), MCrc cells (72=.65, P=.002, Fig. 1C) as well as for the
ratio of MCrc to MCr cells (#2=.58, P=.008, Fig. 1D) but not for MCr cells (2=.42, P=.07,
Fig. 1B).

The overall difference in total MC was significant between the four groups (P=.02). In
comparison with early normal group (11.4+6.7 cells per HPF), total MC appeared to be
increased with ACR (17.5+7.2 cells per HPF) (see Table 2) although the difference did not
reach statistical significance. Nevertheless, total MC were significantly increased among
TBLB with CLAD (27+10.8 cells per HPF, P=.018, Fig. 3A). On analyzing MC phenotypes,
mean MCr cells per HPF were again lowest in early normal group with 9.8+6.4 cells per
HPF and increased in biopsies with ACR (14.8+7.3 cells per HPF) and further increased in
late normal group (1946.1 cells per HPF) as well as those with CLAD (18.9+10.5 cells per
HPF). Despite the overall difference in MC+ being significant (P=.04), the intergroup
comparison reached statistical significance only between early normal and late normal
groups (9.8+6.4 vs 1946.1 cells per HPF, P=.04, Figs. 2 and 3B).

In contrast, the absolute number of MC+¢ and the ratio of MCy¢ to MCy were similar on
biopsies from early normal, late normal, and ACR group and significantly increased on
biopsies from CLAD group (Table 2). This was confirmed on GLM analysis where
difference in both MC+¢ (~£=.002) as well as the ratio of MC+¢ to MCt (/£<.001) between
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the four groups was statistically significant, with CLAD group having the highest number of
MC+¢ cells compared to the other three groups (Tables 3 and 4 and Fig. 3C, D).

4 | DISCUSSION

To the best of our knowledge, this is the first human study evaluating MC phenotypes in the
allograft at different clinicopathologic stages after LT. The current analysis suggests that the
total burden of MC in the allograft increases over time after LT, and TBLB specimens with
CLAD have an increased burden of total MC that is driven by a change in MC phenotype
toward MC+¢ (Tables 3 and 4, Fig. 3).

Correlation analysis of time since transplant and number of MC appears to suggest a
progressive increase in MC infiltration with time (Fig. 1). It is unclear whether this process
is exacerbated by episodes of ACR. The trends in total MC and MC+ cell counts seemed to
favor an increase with ACR (Table 2). However, the intergroup comparisons on GLM
analysis did not show a statistically significant difference in the total MC or MC+
populations between biopsies with and without ACR. This could indeed be a B error given
the small sample size. Earlier studies examining the role of MC in ACR reported conflicting
results. The only human study in LT patients demonstrated a positive association between
MC burden and ACR,0 as did other human studies of non-pulmonary solid organ
transplantation.8:9 In contrast, an animal study did not find an increase in MCr cells with
ACR.24 Interestingly, in the current study, all biopsies with ACR were performed prior to the
biopsies from late normal group and the intergroup difference in the MCy population was
statistically significant between early normal and late normal group. These data may suggest
a gradual increase in total MC and MC+ populations occurring as a time-dependent variable,
perhaps driven by a variety of environmental influences.

The burden of MC infiltration was the highest among biopsies with CLAD which could
reflect a time-dependent increase as these biopsies were farthest from the time of
transplantation. This finding is in agreement with the earlier human study among LT patients
where patients with OB had the highest burden of MC in comparison with normal allograft
or ACR.10 However, it is noteworthy that the pattern of MC infiltration among CLAD
patients was dominated by the MCt¢ phenotype. It appears plausible that an increase in
allograft MC burden, dominated initially by MC+ phenotype cells with potentially
immunomodulatory effects, evolves into a profibrotic MCt¢ phenotype which heralds a
progressive decline in lung function culminating in the development of CLAD. This is in
consonance with the phenotypic switch of MCt to MCy¢ and its association with allograft
fibrosis that has been reported post-renal transplantation.?122 Nevertheless, whether MCrc
phenotype is independently linked to development of CLAD, or more significantly, plays a
pathologic role in CLAD remains to be investigated.

Identifying a phenotypic switch of MCt to MCy¢ may have important clinical and
therapeutic implications. Immunostaining of TBLB specimens is technically straightforward
and may be a useful diagnostic tool. Finding of increased MC+t¢ phenotype may favor a
diagnosis of CLAD which is helpful given the current diagnostic criteria is purely based on
spirometry and requires waiting for 3 months. Further, if MCt¢ phenotype is indeed a
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precursor to CLAD, it is pertinent to design mechanistic studies aimed at understanding
pathways that lead to this switch. In this regard, IL-4 has been identified as one of the
mediators that may promote “maturation” of MCr to the MCt¢ phenotype.2 Interestingly,
in a rat model animal study, prophylactic use of cromolyn sodium, a mast cell stabilizing
agent, has been shown to attenuate development of OB lesions.2® Further, in a study of MC
phenotypes among asthma patients, MC+y¢ was increased among patients with severe and
poorly controlled asthma.2” These patients had poor corticosteroid responsiveness, which
may partly explain the lack of response to many of the treatment approaches among CLAD
patients.

The current study has several limitations. The lack of a control arm (normal allograft) that
was matched with the CLAD group for time since transplant was a major limitation.
Although the inclusion of a control arm was considered, TBLB specimens among patients
with normal allograft function are generally not available beyond 1 year after LT. This
limitation is difficult to circumvent even with a prospective design due to ethical reasons
with regard to sampling asymptomatic patients. This was a pilot study with small sample
size and possibility of B error that may have contributed to lack of differences among some
of the groups. We also did not look at different severity grades of ACR or CLAD
phenotypes, all of which could be possibly characterized with different degrees of MC
inflammation. Finally, the current study did not assess for activation of MC phenotypes in
the allograft which may be difficult to assess on archival TBLB specimens. Future studies
may include measurement of cytokines in concurrently collected bronchoalveolar lavage
fluids to address this deficiency.

In conclusion, there appears to be a time-dependent increase in MC infiltration in the
allograft after LT. More significantly, there appears to be a phenotypic switch from MCy to
MC+ cells that may be associated with a progressive and potentially irreversible decline in
allograft function. Future studies need to confirm these preliminary findings and evaluate the
potential use of therapeutics for manipulating MC-mediated inflammation in an effort to
improve the long-term outcome among patients with lung transplantation.
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(A) Scatter plot of total MC vs number of days since transplantation (Spearman’s correlation
coefficient=.56, P=.009); (B) Scatter plot of MCt phenotype vs number of days since
transplantation (Spearman’s coefficient=.42, P=.07; (C) Scatter plot of MCy¢ phenotype vs
number of days since transplantation (Spearman’s coefficient=.65, P=.002); (D) Scatter plot
of the ratio of MC+¢ to MCr cells vs number of days since transplantation (Spearman’s

coefficient=.58, P=.008).
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FIGURE 2.
Immunofluorescence staining for tryptase, chymase, and DAPI nuclear staining (40x) forali

the four groups (A: early normal allograft, B: late normal allograft, C: acute cellular
rejection, D: chronic lung allograft dysfunction) for patient #3. DAPI nuclear staining shows
as blue color indicating any nucleated cell. Tryptase only positive cells (MC+ cells) show
green-colored granules (white arrows) which appear to increase from figure A to D. MCy¢
cells show dual staining (red and green, red arrows) which appear to be significantly
increased in (D) representing the CLAD group.
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(A) Box plot of total MC among the four groups; intergroup difference between early
normal group and CLAD group was statistically significant (* A<.05); (B) Box plot of MC+t
among the four groups; intergroup difference between early normal group and late normal
group was statistically significant (*//<.05); (C) Box plot of MCt¢ among the four groups;
intergroup difference between CLAD group and all other groups was statistically significant
(*F<.05, **F<.01); (D) Box plot of ratio of MCt¢c to MCt among the four groups;
intergroup difference between CLAD group and all other groups was statistically significant
(***P<.001). ACR, acute cellular rejection; CLAD, chronic lung allograft dysfunction.
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TABLE 2

Total, MCr cells, MCq¢ cells, and ratio of MCt¢ to MC cells for all the groups ™

Early normal group  Late normal group ACRgroup CLAD group

Days since transplant 79.6x£22.7 309.4+38.4 169.6x117 714.6x219
Total MC (per HPF) 11.4+6.7 21.5+£3.9 17.5%7.2 27+10.8
MC cells(per HPF) 9.8+6.4 19+46.1 14.8+7.3 18.9+10.5
MCrc cells (per HPF) 1.6+1.7 2.5+2.3 2.7435 8.2+4.9
Ratio (%) 14.4+11.8 12.4+10.4 15.8+18 43.5+12.5

ACR, acute cellular rejection; CLAD, chronic lung allograft dysfunction.

*
Mean with standard deviation calculated using results of individual high-power field reads for each biopsy (n=10 per biopsy for 5 patients)
resulting in total of 50 variables per group
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