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Abstract

Despite long-standing recognition of the importance of T cells in systemic sclerosis (SSc;
scleroderma), the role of CD8" T cells in disease pathogenesis has not been well studied. Our
work has shown that over-production of the pro-fibrotic cytokine IL-13 by peripheral blood
effector/memory CD8* T cells is critical for predisposing patients to more severe forms of
cutaneous fibrosis. Moreover, IL-13-producing CD8* T cells induce a pro-fibrotic phenotype in
normal and SSc dermal fibroblasts, and exhibit a strong cytotoxic activity ex vivo. We also found
that CD8* T cells are predominantly abundant in the skin lesions of patients in the early stages of
diffuse cutaneous (dc)SSc compare to late-stage disease patients. Isolation of CD8* T cells from
the lesional skin of early active dcSSc patients, established that they are skin-resident, express
cytolytic molecules and co-express extremely high levels of IL-13 and IFNy. Other recent studies
corroborate these findings and together strongly suggest that CD8* T cells contribute to SSc
pathogenesis through the production of high levels of cytokines with proinflammatory and pro-
fibrotic function as well as by exhibiting a cytotoxic activity.
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1-Introduction

Systemic sclerosis (SSc; scleroderma) is a highly debilitating connective tissue disease,
characterized by inflammation, vasculopathy, and cutaneous and visceral fibrosis [1]. SSc is
very heterogeneous in its clinical presentation, extent and severity of skin and internal organ
involvement [2,3]. Patients are characterized into two main clinical subsets on the basis of
the degree of cutaneous fibrosis and patterns of organ involvement [2—4]: diffuse cutaneous
SSc (dcSSc) and limited cutaneous SSc (IcSSc). Rapidly progressive fibrosis of the skin,
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lungs, and other internal organs characterizes dcSSc, while vascular manifestations, with
generally mild skin and internal organ fibrosis are the most characteristic features of IcSSc.
The complexity of SSc and its variable clinical course prevent a full understanding of
disease pathogenesis. Tissue fibrosis is the most prominent clinical manifestation of SSc and
results from the interaction of immune mediators and other growth factors with responsive
tissue resident fibroblasts, leading in increased deposition of extracellular matrix proteins in
affected tissues [5,6]. Macrophages and T lymphocytes represent the predominant cell types
of the inflammatory infiltrate in the fibrotic tissues of patients [7-9] and produce cytokines
that contribute to the inflammatory and fibrotic processes of SSc [10-12].

2-Detection of CD8+ T cells in affected SSc tissue

Despite the importance of T cells in SSc pathogenesis being well established, the phenotype
and function of specific T-cell subsets involved in the different phases of the disease are not
well defined. Multiple studies implicate CD4+ T-cell subsets such as Th1, Th17, Th22 in the
inflammatory phase of SSc, while Th2 cells were shown to contribute to tissue fibrosis [13—
20], dysregulation of T regulatory cells has also been observed [17]. However, few studies
have focused on CD8+ T cells in SSc. Genome-wide expression profiling of skin biopsies
from distinct scleroderma subsets previously identified expression of genes associated with
CD8* T cells (e.g: CD8A, GraK, GraH, and GraB) in lesional skin from the “inflammatory”
subset of scleroderma patients [21,22]. This subgroup contained biopsies from patients with
dcSSc, IcSSc, and localized scleroderma, which were characterized by a unified gene
expression signature indicative of an early inflammatory response [22]. A CD8+ T-cell
signature in SSc skin was confirmed by more recent genome-wide gene expression profiling
[23,24]. Microarray data showing specifically the relationship between pro-fibrotic,
macrophage, and CD8+ T-cell gene expression in SSc skin is depicted in Figure 1A. The
correlation between CD8+ T-cell gene expression in SSc skin samples and skin thickness,
measured by modified Rodnan Skin Score (MRSS) [25], is reported in Figure 1B. By
immunohistochemical analyses of T-cell infiltrates in the lesional skin of dcSSc patients at
different disease-stages, we showed that CD8+ T cells are predominant in the early stage
(disease duration less than 3 years) [2] of SSc compared to CD4+ T cells [26], while more
CD4+ lymphocytes are found in late-stage disease (disease duration more than 6 years) [2],
suggesting that CD8+ T cells contribute to the initial phase of SSc while CD4+ T cells to its
maintenance. High numbers of CD8+ T cells were also found in the skin of patients with
active localized scleroderma [26,27]. In contrast, only scant numbers of CD8+ T cells were
found in normal skin, matched for anatomical site [26,28]. Other studies report on an
increased frequency of CD8+ compared to CD4+ T cells in bronchoalveolar lavage fluid
[29] and lungs [30] of SSc patients with pulmonary fibrosis. Moreover, CD8* T cells in lung
and peripheral blood of SSc patients, present an activated phenotype [31,32] and antigen-
driven oligoclonal expansion [33-35]. Although antigen-specificity is not yet known,
previous studies reported the presence of Topoisomerase-1-specific CD8+ T-cell responses
in patients with SSc [36]. Thus, oligoclonal CD8* T cells are numerous in the affected
tissues of patients with active, inflammatory SSc and likely contribute to the pathogenesis of
the disease.
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3-Phenotype of SSc CD8+ T-cell subsets

Determination of cell surface expression of CD45RA and CD27 by multi-color flow
cytometry allows identification of human CD8+ T-cell subsets [37]. We found that
peripheral blood SSc CD8+ T cells are characterized by an increased proportion of effector
(CD8+CD45RA+CD27-) and effector/memory (CD8+CD45RA-CD27-) cells compared to
healthy controls [38]. Similar results were obtained by other groups [39,40]. In these studies,
CD8+ T-cell subsets were identified by cell surface expression of CD62L and CCR7 [41,42].
Strikingly, we recently showed that CD8+ T cells in the lesional skin of patients with early
active dcSSc uniformely present an effector/memory phenotype [28]. While we found an
increased frequency of circulating SSc CD8+ T cells that express skin-homing receptors
such as CLA and CCR10 [26], we demonstrated that CD8+ T cells in the lesional skin of
dcSSc patients with active disease are skin-resident, as demonstrated by expression of the
early acute activation marker CD69 and the a.E integrin CD103 [28]. However, only few
cells expressed CD103, such as skin-resident T cells confined to normal dermis [43]. This
phenotype was further confirmed by immunohistochemical analysis of affected skin of
dcSSc patients, showing that CD8+ T cells were restricted to the lower dermis and sub-
dermal fat. In contrast, CD8+ T cells in peripheral blood were uniformly negative for CD69
and CD103 expression. While skin-resident memory T cells provide rapid /n situ protection
against most common pathogens [44,45], their dysregulation can contribute to autoimmune
and inflammatory skin diseases [46], such as SSc.

4-Role of CD8+CD28- T cells in SSc

We [28] and others [19] found an increased frequency of CD8+CD28- T cells in the
peripheral blood of patients with SSc. Loss of CD28 expression by human CD8+ T cells
occurs with age and during chronic inflammatory conditions [47,48]. We demonstrated that
CD8+CD28- T-cell expansion in blood and lesional skin of SSc patients is independent of
patient age and correlates with the extent of skin fibrosis, an early and specific manifestation
of SSc. Human CD8+CD28- T cells are defined as antigen-specific, oligoclonally expanded,
terminally differentiated senescent T cells [49]. They exhibit functional heterogeneity,
ranging from immunosuppressive to effector. Our studies indicate that circulating and skin-
resident SSc CD8+CD28- T cells present an effector/memory phenotype and are cytotoxic
[28]. Conversely, it has also been reported that peripheral blood SSc CD8+CD28- T cells
may exert an /n vitro suppressor activity [19]. While we could not detect any production of
immunosuppressive cytokines such as IL-10 and TGFp by ex vivo SSc CD8+CD28-
lymphocytes [28], recent /n vitro studies by Negrini et al. suggest that abnormal expression
of CD39 and CD127 molecules, may impair maturation of SSc CD8+ Treg from their
CD8+CD28- precursors [50]. Although the existence and relevance of such an inhibitory
subset has yet to be examined /n vivo, the cytotoxic and the suppressor subsets can both
coexist as functional heterogeneity in CD8+CD28- T cells has been previously shown [47].

Persistent common viral infections, such as human cytomegalovirus (hCMV), are implicated
in the expansion of the CD8+CD28- T-cell population with age [47,51]. Previous studies
have shown that latent hCMYV infection may contribute to progression of SSc through its
ability to infect endothelial cells [52]. Additional evidence for the association between
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hCMV and SSc comes from the prevalence of anti-hCMV antibodies in patients affected by
the disease [53]. In the absence of any medical indication of hCMV infection, we did not
test for it. However, we performed preliminary experiment in several SSc patients and found
no production of effector cytokines such as IFN-y by SSc CD8+CD28- lymphocytes when
they were stimulated /7 vitro with hCMV pp65-recombinant protein, an immunodominant
target of CD8+ T-cell responses to hCMV [54] (data not shown). While these studies suggest
that CD8+CD28- T-cell accumulation is a response to a yet unidentified antigen, more in-
depth studies are necessary do establish the exact role of hCMV or other chronic infections
in SSc CD8+CD28- expansions.

Multiple reports claim that CD8+CD28- T cells present features of cellular senescence such
as shortened telomeres, reduced proliferation, and resistance to apoptosis [55-57].
Increasing evidence, however, indicates that this subpopulation is highly heterogeneous
regarding its proliferative and apoptotic potential [47,58]. In order to establish whether SSc
CD8+CD28- T cells presented features of cellular senescence, we analyzed their
proliferative and apoptotic capacities. CFSE-labeled freshly isolated CD8+ T cells from SSc
patients and age-matched controls were stimulated by anti-CD3 antibody with or without
exogenous IL-2 and the dilution of the dye was studied in subsets of T cells by flow
cytometry. As previously observed [47], we found that CD8+CD28~- lymphocytes have a
limited proliferative ability when stimulated by anti-CD3 alone over 5 days of culture. In
contrast, CD8+CD28- cells proliferate at a comparable rate to their CD8+CD28+
counterparts in response to IL-2 (Figure 2A-C). Interestingly, we found that the proliferation
rate of SSc CD8+CD28- T cells is comparable to that of age-matched healthy controls.
Similar results were obtained when cells were stimulated with anti-CD3 and IL-15 [59] (data
not shown). This is in agreement with recent studies showing that CD8+CD28- T cells are
able to proliferate under certain conditions, such as in the presence of IL-2 [47] or IL-15
[59] and/or in response to specific co-stimulatory signals, such as 0OX40, 4-1BB, ICOS [58-
60]. Significantly, high levels of IL-15 have been found in the serum of SSc patients [61],
and we observed an increased expression of IL-15Ra by SSc CD8+CD28- T cells (data not
shown). Additionally, we also found that SSc CD8+CD28- cells up-regulate OX-40 and
4-1BB expression on their surface (data not shown), suggesting that multiple factors in
patients may contribute to their proliferation.

Another important feature of senescent cells is their resistance to apoptosis, leading to their
progressive accumulation throughout a lifetime [47,62] and during autoimmune conditions
[62]. Susceptibility to apoptosis of SSc CD8+CD28- T cells was analyzed by Annexin V
uptake by apoptotic cells in freshly isolated cells and after 48 hours stimulation with
immobilized anti-CD3 and IL-2. Results are depicted in Figure 2D—F and show that
unstimulated CD8+CD28—/+ subsets from patients and controls exhibit a limited
spontaneous apoptosis. In contrast, we detected discrete peaks of cells that showed Annexin
V binding at high level after stimulation. The percentages of apoptotic cells in the CD28-
subsets of patients and controls were significantly higher compared to their CD28+
counterparts after stimulation. Although we observed that SSc CD28- cells had a higher
proportion of apoptotic cells compared to ND CD28- cells, this did not reach statistical
significance.
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Thus, our findings indicate that SSc CD8+CD28- lymphocytes can proliferate under certain
stimulatory conditions and are susceptible to apoptosis, a key feature of cytotoxic T
lymphocytes that die after elaborating their effector functions. In addition, while a study
performed in patients with SSc and their family members reported shortened telomeres [63],
controversy remains as to whether telomere shortening alone contributes to immune
senescence [64]. Therefore, it appears that SSc CD8+CD28- lymphocytes are not truly
senescent cells since they are able to proliferate and undergo apoptosis, but rather they
represent a mixed population of highly antigen-experienced effector CD8+ T cells at
different levels of differentiation [47]. Only those CD8+ CD28- T cells that become late-
differentiated begin to gain properties of true cellular senescence, such as altered
proliferative capacity and acquisition of resistance to apoptosis, and eventually become truly
senescent.

In conclusion, SSc CD8+ T cells from the blood and skin of patients with active disease
exhibit an effector/memory phenotype and an increased ability to migrate to site of
inflammation. Importantly, we identified a specific subset of skin-resident CD8+ T cells in
the lesional skin of dcSSc patients that likely play a critical role in the early stage of SSc
skin disease.

5-Effector function of SSc CD8+ T cells

It was shown by us [28] and others [19] that peripheral blood SSc CD8+ T cells produce a
variety of pro-inflammatory cytokines and expressed chemokines receptors not found in
CD8+ T cells from healthy controls, which likely facilitate their migration to inflamed
tissues. We established that dysregulated production of the pro-fibrotic cytokine IL-13 by
peripheral blood effector SSc CD8+ T cells correlates with the extent of cutaneous fibrosis,
while it is not observed in healthy controls or patients with other inflammatory conditions
[38]. We found that also SSc CD4+ T cells produce high levels of 1L-13 but to a lesser
extent and more variable compared to SSc CD8+ T cells, indicating that I1L-13 over-
production is more a feature of CD8+ rather than CD4+ T cells in SSc [38]. Furthermore, we
demonstrated that high numbers of CD8+IL-13+ cells are present in the sclerotic skin of
patients, particularly in the early inflammatory stages of SSc [26,28]. We recently showed
that skin-resident CD8+CD45RA-CD27-CD28- T cells isolated from the affected skin of
dcSSc patients with active disease, co-express extremely high levels of IL-13 and IFN+y
compared to circulating CD8+ T cells from the same patients [28]. Moreover, we
demonstrated that IL-13 produced by SSc CD8+ T cells induce a pro-fibrotic phenotype in
normal and SSc dermal fibroblasts [26,28]. IL-13 exerts its function by signaling through the
receptor IL-13Ral, which is highly expressed by fibroblasts and mononuclear cells in the
skin of patients with early dcSSc [26], followed by activation of the Signal Transducer and
Activator of Transcription (STAT-6) [26,65]. In parallel, IL-13 can also activate tissue-
resident macrophages that in turn will produce TGF with pro-fibrotic activity [66]. IFN-y
plays an essential role in the development and severity of autoimmune diseases [67],
including SSc [13,17]. While the mechanism by which IFNvy contributes to SSc remains
unclear, its critical role in Th1 cell differentiation that results in macrophage activation,
inflammation and tissue damage [68,69] likely impacts disease severity. The effects of IFNy
on fibrosis are complex and although it is a well-documented anti-fibrotic agent in a variety
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of murine models of fibrosis, it has not been shown to be clinically beneficial in IPF [70].
Additionally, it was previously shown that IFN-regulated genes (both type I and type Il) are
elevated in both the skin and lungs of SSc patients [71,72]. Besides IL-13 and IFNvy, Klein
et al. reported that peripheral blood SSc CD8+ T cells also produce other type-2 pro-fibrotic
cytokines such as IL-4 and 1L-5 [39,73] and IL-9 [39] as well as high levels of pro-
inflammatory cytokines, such as TNFa [39] and I1L-17 [39], which contribute to the
inflammatory condition of SSc. Interestingly, CD8* T cells from the bronchealveolar lavage
fluid of SSc patients with lung disease mainly present a type-2 cytokine gene signature or a
mixed type-1 and type-2 cytokine production phenotype, while in BAL fluids from healthy
individuals CD8* T cells preferentially expressed IFN-y mRNA with no or little type-2
cytokine mRNA [74], and this finding was correlated with the development of lung fibrosis
[74].

Chemokine receptor expression mediate mononuclear blood cell migration to secondary
lymphoid organs and into inflamed tissues [75]. Indeed, chemokine receptor ligands are
highly expressed in SSc tissues [76,77]. We found that CCR4 and CCR10 expression confers
increased skin-homing abilities to SSc CD8+ T cells. Strikingly, the functional ligand for
CCR10, chemokine CCL27, was found highly expressed in the serum and mRNA from
sclerotic skin of SSc patients [78], likely facilitating migration of CD8+ T cells to SSc skin
lesions. Moreover, Klein et al. showed that specific patterns of chemokine receptor
expression by SSc CD8+ T cells correlate with distinct cytokine profiles [39], with type-2
cytokines production negatively correlating with expression of chemokine receptors typical
of type-1 responses such as CXCR3, CCR5 and CCR6, and IL-17 and 1L-9 production
correlating with expression of CD161 and CCR6 [39]. A recent DNA microarray study of
effector/memory SSc CD8+T cells and healthy controls isolated from blood, showed that
genes related to immune response and cell adhesion are differently expressed in patient
samples compared to healthy controls [40]. In particular, expression of CD226, which is
associated with both functions, was higher on SSc CD8+ T cells and correlated with the
severity of skin and lung fibrosis [40]. Moreover, SSc CD8+CD226+ cells exhibited an
increased 1L-13 production and a cytotoxic activity against HUVECs [40]. Likewise, we
demonstrated that blood and skin effector/memory SSc CD8+ T cells not only express
cytolytic molecules such as perforin and Granzyme B [28], but also up-regulate cell-surface
expression of CD107a upon activation [28,79], a marker of cytotoxic T lymphocyte
degranulation, and exhibit a strong ex vivo cytolytic activity against allogeneic SSc
fibroblasts [28]. Earlier studies showed that cytotoxic T lymphocyte-mediated killing using
GraB represents a source of autoantigens in systemic autoimmune diseases [80] and,
interestingly, self-protein fragments [81] generated by GraB are recognized by
autoantibodies in a subset of SSc patients [80]. Furthermore, inhibition of endothelial cell
growth in SSc by vascular injury appeared to be mediated by granzyme B and perforin [81].
Finally, CD8* T cell cytotoxicity induces apoptosis of target cells [40], which may also
contribute to fibrosis [82,83]. Thus, CD8+ T cells appear to participate directly in tissue-
specific SSc pathogenesis by exerting multiple effector functions, including pro-
inflammatory, pro-fibrotic and cytotoxic.
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6-Conclusions

While better known for their involvement in type-1 immune responses and their ability to
kill bacteria- or viral-infected cells, several studies reveal that CD8" T cells have a much
wider range of functions, including important roles in type-2-driven immune responses.
Effector CD8* T cells were shown to be the source of IL-13 in a mouse model of airway
hyper-responsiveness and airway inflammation [84]. Moreover, IL-4- and I1L-13-producing
CD8™ T cells have been found in a number of human diseases including COPD and asthma
[84-86]. Likewise, we and others demonstrated that CD8+ T cells producing type-2
cytokines are numerous in the affected tissues of patients with active SSc. In particular, we
identified a specific subset of skin-resident, effector/memory CD8+ T cells in the lesional
skin of patients with early active dcSSc that produce high levels of pro-fibrotic 1L-13 and
exhibit a potent cytotoxic activity ex vivo. These compelling results in the context of a
robust framework of prior studies strongly suggest that CD8+ T lymphocytes are implicated
in SSc pathogenesis by exerting a pro-inflammatory and pro-fibrotic activity as well as by
inducing cytotoxic tissue damage. A model is proposed in Figure 3. This basic mechanistic
knowledge is essential for approaching the treatment of SSc given the paucity of therapeutic
options to reverse or even slow progression of this disease. Further, the existing therapies,
such as immunoablation and stem cell transplant, and cyclophosphamide, lead to broad
killing of immune cells and consequent toxicities, including death. Identifying the precise
cell-type(s) and immune mechanism(s) driving SSc pathogenesis provides a framework for
developing innovative therapies that selectively target the aberrant immune response,
resulting in better efficacy and lower toxicity.
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Highlights
. CD8+ T cells are found numerous in the affected tissues of patients with
active SSc;
. SSc CD8+ T cells produce cytokines with pro-inflammatory and pro-fibrotic
function;
. SSc CD8+ T cells exhibit a strong ex vivo cytotoxic activity.
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COS"Tosl 0.18 CD8B CD8b molecule
0.35 GZMK granzyme K
Macrophage 0.32 GZMB granzyme B
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Profibrotic 0.15 CD3E CD3e molecule

Figure 1. CD8+ T-cell gene expression signature in SSc skin
Unsupervised clustering of microarray data [23,71]. A hierarchical relationship is suggested

between CD8™ T cells driving macrophage driving pro-fibrotic gene expression. (G) CD8* T
cell correlations between gene expression and MRSS (R). (Data courtesy of Dr. R. Lafyatis).

Immunol Lett. Author manuscript; available in PMC 2019 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Fuschiotti
Coag" co2R Coa2g* co2A
A anti-C0GS aninody B anti-C05 aminady
;! 1 . |‘|ﬂ T I"a a i) Fl
= | | = |
o I | | s /| |
! | i |
3 \l"‘-fnl \ et ‘I\\_ S l' ,;w"
; i - b .
fr y ur o ” v W ! " o e - v v
Co2a* co2g CO28* co2g
arfi-CO0 antibody = IL-2 arb-COE antibody + IL-2
i v’
|1 o || o | .|
@ . o
] | |I| 'l | 3 ‘ l |
i ') J i 1
) l /| : |ﬂ| | fll | l',-’i.'-. |
¢ W ,.A-‘I .-I | N i | II | |
£ d LY c
W wn A o W W " W W W
CFSE CFSE CFSE CFSE
D KD Goeas CcoD28 E HD Hi D28
A, " - A
- { l.l 8 1 |! \ 1 N { '-ill 1 J ‘H b 1
= | | 1 @ !
21 [ = I LN
| ‘»I FI |l‘. _|l HH || “'I. If"ll
i
J L J L / L) J L
S5C S5¢
I.l"‘. ] ) A . r'
| i IL' 7 [1 5
= | 'i 4 = ! l‘ L :
3 J F i 4 r i Y I1
S1f | 3 ' IR
I [ Il \ Fow
| .'x ] " ,ll " o A Lﬂ!, l'| o )
: - ) Yo r Ll W J !
H -x‘ "11‘ E ‘l‘ . ',x' ;Il' I1l : —u‘ ':ul’ 'TF' "!' . '.1"' "l‘ ;'I' 11:
Annexin & Annexin ¥ Annexin ¥ Annexin i

FSE™ calls ir
=ach subsal (%)
=
=]

B

40

0

FSE=% calk in
cach subsed | %)

FECEW alla i
i 3

an

Aren W4+ cally
(3]

W calls

Afnexin

Figure 2. SSc CD8+CD28- T cells can proliferate and are susceptible to apoptosis
Proliferation of CD8+CD28+/- T-cell subsets was determined by carboxyfluorescein

diacetate succinimidyl ester assay (CFSE; Molecular Probes) (A-C). Freshly isolated
CD8+CD28+/—- T-cell subsets from patients and age-matched normal controls were analyzed
for CSFE dilution profiles after 5 days stimulation with anti-CD3 mAb with or without IL-2.
The cellular division capacity was tested by flow cytometry and analyzed by FlowJo
software (Tree Star). The values of each histogram show the percentage of divided cells
(CFSE!*W) and undivided cells (CFSEN9N). A representative experiment from a control (A)
or a patient (B) is shown. (C) Mean percentage of CFSE!®W cells+SD in each CD8+ T-cell
subset from 8 SSc patients and 8 NDs is shown. Statistics by ANOVA followed by post hoc
Tukey's test. (D—E) Susceptibility to apoptosis of CD8+CD28+/— T-cell subsets was
evaluated by Annexin V staining of unstimulated (D) and stimulated (E) with anti-CD3 mAb
and IL-2 for 48 hours cells. Cells were stained with Annexin V-FITC and propidium iodide
(P1, eBioscience) and analyzed by flow cytometry. Doublet cells were excluded from the
CD3+CD8+ population and then the percentage of Annexin V+ cells was analyzed. Annexin
V-positive, Pl-negative cells were considered apoptotic. Representative examples are shown.
(F) Mean percentage of apoptotic cells in each subset from 8 SSc patients and 8 age-
matched healthy controls. Statistics by ANOVA followed by post hoc Tukey's test.
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Figure 3. Model for the role of CD8+ T cells in SSc pathogenesis
The schematic illustrates a mechanism through which tissue-resident CD8+ T cells,

activated in response to antigen-driven stimulation, produce cytokines that contribute to
inflammation and promote overproduction of collagen by fibroblasts which results in
excessive fibrosis. The activation of cytotoxic, cell-mediated pathways may be involved in
early vascular damage, and potentially in initiating and propagating a specific autoimmune
response. CD8-induced apoptosis of target cells may also contribute to fibrosis.
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