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Mast cells in lung damage of COVID-19 autopsies: A descriptive

study

To the Editor,

Fatal coronavirus disease 2019 (COVID-19) features inflammatory
changes affecting the whole lung with profound parenchymal de-
struction. Severe acute respiratory syndrome coronavirus type 2
(SARS-CoV-2) RNA is enriched in mononuclear phagocytes, en-
dothelial cells, B lymphocytes, and plasma cells, and it remains
unclear which cells and soluble mediators determine respiratory
failure. Patients with chronic obstructive pulmonary disease (COPD)
and lung fibrosis are thought to be at higher risk for unfavorable out-
comes, but patients with asthma who have hyperplasia of muscularis
mucosae mast cells! have not presented with asthma exacerbations
during SARS-CoV-2 infection and do not have increased mortality
due to lung damage.2 Mast cells from the bone marrow do not ex-
press the angiotensin-converting enzyme 2 (ACE-2) receptor, and
patients with mast cell activation disorders such as systemic masto-
cytosis do not show mast cell activation during COVID-19.2 Because

mast cells can have a prolonged tissue impact through the release of
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potent inflammatory mediators, we wanted to investigate the role of
mast cells in fatal COVID-19 lung manifestation.

We evaluated lung tissue from 29 patients who died of COVID-19
(detailed methods in Appendix S1). Mast cells were identified by KIT
(CD117), tryptase, and chymase immunohistochemistry in lung tis-
sue sections with diffuse alveolar damage (DAD). RNA Scope was
used to co-localize SARS-CoV-2 and KIT expressing mast cells, dou-
ble staining with immunohistochemistry for KIT and ISH for TNF
alpha and IL-6 (Figure S2) and mass-spectrometry proteomics to
identify mast cell proteases. Twenty-six cases with normal lung (NL),
non-COVID-DAD (NCOVID-19DAD), interstitial lung disease (ILD),
organizing pneumonia (OP), and influenza served as controls.

Basic clinic-pathological data are summarized in the Table S1. At
autopsy, lesions of acute (occurrence of hyaline membranes) and fi-
brotic (lung destruction by fibroblast proliferation) DAD in different

stages in both lungs were identified with widespread alterations of

the lung parenchyma causing death as reported previously.4

FIGURE 1 Number of mast cells in lung tissue in COVID-19 and other conditions. (A) (100x, CD117) NL tissue, (B) higher numbers of MC
in perivascular and peribronchiolar areas (40x, CD117). (C) (H.E., 40x): In very early DAD with hyaline membranes but lack of inflammatory
infiltrate; (D) (100x, CD117): decrease of the number of MC in acute DAD; (E) (100x) high numbers in the organizing DAD. (F) (Tryptase,
100x) and (G) (chymase 40x) showing same number of MC as CD117 in organizing DAD. (H) (CD117, 100x): comparison with influenza; (I)
(CD117, 100x): UIP. (J) (200x): RNA Scope with SARS-CoV-2 (red) - signals) adjacent to CD117 (green) signals; (K) (100x): RNA Scope with

red signals in SARS-CoV-2
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FIGURE 2 Tryptase and chymase

225 . . .
protein expression (abundance) in
%51 » COVID-19 lungs compared with other
20 043 ' ol is conditions: (A and B) Chymase protein
g 243 g —0er expression compared in NL, DAD and
5 iies ° % L " . other pneumonias; (B) with division of
o o
S - & acute and organizing phase of DAD; (C
© kel
§ 1520 é é 180 5 and D) Tryptase expression; (E) Mean MC
< * < counts stratified by different conditions
1= L and diseases. The left box plots represent
K the values from low and the right plots the
L = - L - high-density areas. N.s., non-significant;
& '\. . .
\\9“0’ 0‘9 @4\0 NN Q}z& \@‘@ \?c’“ $ L, low; H, high; p-values (two-sided,
éé‘?’ 04\0 e°°(v° N é@q’ o§' \09 unpaired t-test) indicate the significance
B & Q N "Qvo @@ of a differential abundance (in A-D)
Q
(C) Tryptase (D)
25.0 25.0
" 0.00023 '
_ 2257  3e-08 012 _ 225 ‘
o™ [aY]
I |
8 20.0 8 20.0 o
& e T IS
e 2
= =
2175 . E 2 175
15.04 15.0
’ . < . ; : —
\\?QO) QYQ (,o\\\o ¥ ° ‘S’é& \\9(\0) Yg\'@ @z’é\/
. By 2 Q
eo«‘& S SP N & & o
, e &
Q EL
Q
(E)
400 + .
380 - I L
o 360 A 1
E 3401
5 2]
: 7 p = 0.054
280 | |
2 260 - —
O] .
S 2%
3 T =0.079
S 200 A — |
o 1804 n.s. | n.s.
Z 1604 ™ ° ==
O . n.s.
8 140 1
120 A I_I
E 100 -
80 1
60 4
E
20 1
0 -
Normal Non- COVID CoVvID Influenza ILD OP
Lung COVID Acute Organiz. (n=7) (n=6) (n=3)
(n=4) DAD DAD DAD
(n=6) (L:in=24; (Ln=5;

H:n=15)* H:n=14)



LETTERS

2 WiLEy- L2

All mast cells (MC) in COVID-19 lung autopsies were positive for
tryptase and chymase and were defined as MCtc, indicating a con-
nective tissue phenotype (Figure 1) in contrast to the physiologic
situation.’

Mast cells were counted in low- and high-density areas
(Figure S1). While other forms of non-COVID-19-related lung in-
jury showed a 3-5-fold increase in mast cell numbers between
low- and high-density areas, acute COVID-19 DAD showed a <2-
fold increase (Figure 2), indicating a suppression of mast cell prolif-
eration which might be caused by high interferon levels in the early
phase of COVID-19. In contrast, organizing DAD in COVID-19 lungs
showed a 3-fold increase in mast cells between low- and high-
density areas. In general, the mast cell density varied considerably
between COVID-19 lungs and the controls, as shown in Figure 1B.
High density of mast cells has been associated with increased ac-
tivation and release of proteases such as tryptase and chymase,
which were abundant in COVID-19 lung damage on the proteome
level (Figure 2). Double labeling using RNA in situ hybridization (KIT
and SARS-CoV-2) did not identify mast cell infection in a relevant
number. Although we had shown previously an inverse correlation
between viral load and DAD—stage,6 no association with viral load
and mast cells were found (data not shown). Activation of mast
cells during SARS-CoV-2 infection may occur without viral entry
through soluble factors released by T cells and other neighboring
cells through KIT/SCF (Stem Cell Factor) and other interactions in
the later phase of COVID-19-pneumonia. Thus, mast cell prolifera-
tion and activation might be one mechanism that paves the way for
the later stage of severe lung damage. This study provides the first
preliminary evidence that mast cells are part of the inflammatory
cellular changes in severe and lethal SARS-CoV-2 infection.
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