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8 Interstitial lung disease

Effects of infliximab on lung and
circulating natural killer cells, CD56+ T
cells and B cells in sarcoidosis

Susanna Kullberg

ABSTRACT

Background Tumour necrosis factor o (TNF-ov) is
pivotal in sarcoid granuloma formation, and inhibitors of
TNF-o offer an attractive third-line treatment option in
sarcoidosis. The sarcoid inflammation is characterised

by an exaggerated T helper 1 response, and evidence
indicates a contribution of dysregulated and/or deficient
NK (natural killer) cells, CD56+ T cells and B cells.
Objectives Insight into how TNF-c inhibitors influence
these cells may provide more information on inflammatory
mechanisms in sarcoidosis and improve understanding of
such treatment. We therefore evaluated treatment effects
of the TNF-ou inhibitor infliximab on lung and peripheral
blood (PB) NK, CD56+ T cells and B cells.

Methods Fifteen patients were assessed with PB
samples, spirometry and CT scan, and 11 of them also
underwent bronchoalveolar lavage (BAL) close to start of
infliximab treatment. These investigations were repeated
after 6 months of treatment.

Results Twelve out of 15 patients disclosed a clinical
improvement at follow-up. Median percentage of BAL
fluid (BALF) CD56+ T cells increased while a decrease
was seen in PB (p<0.05and 0.005, respectively). No
significant changes were observed for NK cells. There
was a trend towards increased median percentage of PB
B cells (p=0.07), and a negative correlation was observed
between PB and BALF B cells after treatment (p<0.05).
Conclusion In conclusion, 6 months of infliximab
treatment in patients with sarcoidosis, of whom the
majority benefited from the treatment, influenced immune
cells in the lung and circulation differently, highlighting
the importance of investigating several compartments
concomitantly when evaluating treatment effects on the
inflammatory activity.

INTRODUCTION
Sarcoidosis is a systemic inflammatory
disorder that predominantly involves the
lungs and/or intrathoracic lymph nodes. The
disease can be selflimiting, seen mostly in
patients with the clinical phenotype Lofgren’s
syndrome characterised by having an acute
onset. However, the majority of patients, non-
Lofgrens, usually will have an insidious onset
and run a protracted disease course with
more organ dysfunction.

In the lungs of affected individuals, a T
helper 1 (THI) alveolitis is seen with an
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» Can influence on natural killer cells, CD56+ T cells
and B cells in the lung and circulation explain ef-
fects from treatment with tumour necrosis factor o,
(TNF-o) inhibitors in patients with sarcoidosis?

» Six months of treatment with the TNF-o¢ inhibitor
infliximab in patients with sarcoidosis, of whom
the majority benefited from treatment, led to an in-
creased median percentage of lung CD56+ Tcells
while a decrease was seen in the circulation.

» The results suggest different effects from infliximab
treatment on lung and peripheral blood CD56+
T cells, respectively, focusing attention on the im-
portance of investigating several compartments for
an improved understanding of the inflammation in
sarcoidosis.

accumulation of CD4+ T cells, elevated CD4/
CD8 ratio, and release of proinflammatory
cytokines, for example, tumour necrosis
factor oo (TNF-a1) and interferon vy (IFN—y).1
Eventually, non-necrotising granulomas are
formed, which can lead to organ function
impairment and sometimes failure.'

TNF-o inhibitors are used as a third-line
treatment option for sarcoidosis. However,
about 20% do not seem to benefit from treat-
ment with TNF-o inhibitors. Also, at least half
of the patients relapse after treatment discon-
tinuation, and the optimal treatment dura-
tion and dose are not established.”™

We have previously reported that 6 months
of therapy with the TNF-o inhibitor inflix-
imab led to a decreased percentage of bron-
choalveolar lavage fluid (BALF) CD4+ T cells
expressing the activation marker CD69 and
a reduced CD4/CD8 ratio in patients classi-
fied as responders, indicating a less intensive
TH1 alveolitis.” To further explore the immu-
nological mechanisms behind the effects of
infliximab treatment, we set out to investigate
its effect on natural killer (NK) cells, CD56+
T cells and B cells.

NK cells are lymphocytes expressing CD56
but not CD3 (CD3-CD56+). In BALF from
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patients with sarcoidosis, an increased frequency of
a special phenotype of NK cells (CD56"8") with the
capacity to produce high levels of TNF-o and IFN-y was
found, compared with BALF from healthy controls, and
thereby has the potential to contribute to the THI alve-
olitis.® Furthermore, it has been hypothesised that the
release of IFN-y from NK cells may stimulate TNF-o secre-
tion from macrophages,” further augmenting the TH1
response. An increased percentage of NK cells in BALF
of patients with sarcoidosis is linked with a poor outcome
and anticipates a need for steroid treatment.®

CD56 can also be expressed on CD3+ cells and can
be found on a number of T cell subsets (eg, CD4+
and CD8+ T cells) and their functional divergence has
been suggested to be dependent on the T cell subset
and microenvironment.” In peripheral blood (PB),
most CD56+ T cells express CD8 and seem more effi-
cient in IFN-y production than CD56- T cells.' Expan-
sion of these cells has been described in conditions
involving chronic activation of the immune system such
as rheumatic and autoimmune diseases.'’ In sarcoid-
osis, an increased number of CD56+ T cells has been
found in PB compared with controls, while no differ-
ence was observed in BALF.® '?

Despite sarcoidosis being mainly considered a T cell-
driven disease, several observations propose a B cell
involvement and networking between these two cell
types. An increased production of IgG and IgM is found
in the sarcoid lung, and there is an association with poly-
clonal hypergammaglobulinaemia,” and some patients
seem to benefit from treatment with rituximab, a B cell
inhibitor.'* B cell activating factor (BAFF) is vital for the
maintenance and survival of B cells. In sarcoidosis, a posi-
tive correlation between disease activity and serum and
BALF BAFF levels has been reported.”” '® A link with the
THI1 alveolitis is also suggested by the finding that BAFF
does not only stimulate B cells but also T cells through
BAFF receptors and can augment TH1-associated inflam-
matory responses.'” '®

How infliximab can influence NK cells, CD56+ T cells
and B cells in sarcoidosis is not yet detangled and there
are only scarce data from other inflammatory diseases.

The current study was designed to measure the thera-
peutic effects of infliximab on the expression of NK cells,
CD56+ T cells, and B cells in the lung and circulation in
patients with sarcoidosis by performing bronchoscopy
with BAL and collecting blood samples close adjacent to
the start of treatment and after 6 months of treatment.

METHODS

Study design

Participants were identified among patients referred to
the Department of Respiratory Medicine, Karolinska
University Hospital, Stockholm, Sweden, with deterio-
rating sarcoidosis despite previous treatment with corti-
costeroids and/or methotrexate.

Before starting therapy with infliximab, patients were
characterised with chest X-ray (classified according to
Scadding’s staging system), CT scan and spirometry.

Bronchoscopy with BAL was performed on average 6
weeks before (range 3-9 weeks) the start of therapy. PB
was drawn about 60 min prior to bronchoscopy. All inves-
tigations were repeated at follow-up after the first half
year on treatment.

In order to make the study population as homoge-
neous as possible, the intention was to give as similar
concomitant treatment as possible to all patients, 5mg
prednisone, and not change the dose between first and
second bronchoscopy.

Patient and public involvement

Patients were not involved in the design of the study,
setting the research questions or outcome measures.
Eligible patients were involved in recruitment. They were
informed about the study as well as alternative treatments
by their treating physicians (SK, JG and AE) and took
an active part in the decision whether they should start
treatment with infliximab. The patients had the option to
receive infliximab treatment without participating in the
study. All patients were informed about their personal
outcome, that is, results from lung function tests and CT
scan. Patients who were interested in BALF data were
also informed about those results. The results will be
disseminated to wider patient communities at so-called
‘Information day about sarcoidosis for patients’, an event
arranged by our unit. Patients will not be directly involved
in disseminating the results to medical caregivers and
scientific communities.

BALF and PB

Bronchoscopy with BAL was performed as previously
described." Centrifugation was used to separate BALF
and PB mononuclear cells. The percentage of lympho-
cyte subtypes was measured by triple-laser, eight-colour
flow cytometry using a FACS Fortessa X-20 (Becton-
Dickinson) with software FacsDIVA. A kit from BD
(product number 337166) with the following antibody
panel was used: CD3-FITC, CD19-APC, CD16/56-PE.
CD4+ and CD8+ T cells were identified using antibodies
CD4-APC-H7 clone SK3 and CD8-AmCyan clone SKI
(BD Biosciences, California, USA).

For subtyping, the following gating strategy was
used—DB cells: CD3-CD19+, T cells: CD3+, NK cells:
CD3-CD16+CD56+, CD56+ T cells: CD3+CD16+CD56+.

Lymphocytes were distinguished on the basis of forward
and side scatters, and the percentage of NK cells, CD56+
Tcells and B cells was scored by calculation of positive
cells in each specific quadrant.

Infliximab therapy
Infliximab (Remicade, Merck Sharpe & Dome AB
(Sweden) or Inflectra, Pfizer AB (Sweden) was
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administered intravenously 3-5mg/kg body weight
every 4—8weeks after an initial induction phase. During
the study period, a consensus document on infliximab
therapy was published, recommending a dose of 5mg/
kg body weight and infusion every fourth week after
the initial induction phase. Patients included there-
after (n=11) were therefore treated according to these
recommendations, that is, given a higher dose and more
frequently than patients included at the beginning of the
study, a mean cumulative dose of 36mg infliximab/kg
body weight, compared with 16 mg, at follow-up.

Definition of response

Response was defined as previously described.” In brief,
CT scans were independently evaluated by a radiologist
and one of the researchers in the study (SK). Response
was defined as either improved radiographic changes
compatible with sarcoidosis, or stable radiographic
changes despite a reduction in concomitant immuno-
suppressant therapy, while non-response was defined
by increased radiographic changes and/or a need to
increase concomitant immunosuppressant therapy.

Data analysis

Cell measurements and lung function data were analysed
using the non-parametric test Wilcoxon rank, for
comparisons between pretreatment and post-treatment
values. P value significance was set at <0.05. Descriptive
statistics were used for calculation of median values and

25th—75th percentile. Additionally, correlation analysis
was conducted using Spearman’s rank correlation test.
All analyses were performed using Jamovi V.1.1.9.0 soft-
ware (https://www.jamovi.org). Graphs and tables were
created with Microsoft Excel 2013 and Microsoft Word
2013, respectively.

RESULTS

Study subjects

Fifteen patients were included in the study, and 11 of
these were subject to bronchoscopy and had BALF
data analysis (see table 1). They were all of Caucasian
origin. None of the included patients had a history of
serious infections (including tuberculosis and hepatitis),
congestive heart failure or malignancy. All patients were
diagnosed with sarcoidosis (non-Loéfgren’s syndrome)
according to criteria established by the World Association
of Sarcoidosis and Other Granulomatous Disorders.”
For clinical characteristics, see table 1.

All patients except number 2 had a history of both
prednisone and methotrexate treatment. Patient number
2 was regarded as having a very active disease despite
high-dose prednisone, and the clinical decision was that
it was better for the patient to start with infliximab than
methotrexate, which was also the wish of the patient. For
those patients who did not tolerate a reduction of pred-
nisone to 5mg per day (patient numbers 2, 6 and 7), the
dose was kept at a dose which relieved the symptoms best
and the dose was then tapered down. Patient number 15

Table 1

Baseline characteristics when infliximab therapy was initiated

Patient Sex Smoking Age Duration Scadding EPM

Treatment indication Treatment BAL

1 M No 53 20 \% Peripheral lymph nodes Pulmonary B X
2 M No 40 5 | Ocular Fatigue, joint pain P X
3 M No 46 3 Il 0 Pulmonary P X
4 M No 42 2 Il 0 Pulmonary P 0
5 F No 42 12 v 0 Pulmonary P 0
6 F No 55 3 | Skin Fatigue P X
7 M No 44 g Il Hypercalciuria Pulmonary P X
8 M No 44 4 Il 0 Pulmonary M X
9 M No 50 4 \% 0 Pulmonary P X
10 M No 55 2 Il Skin Pulmonary P X
11 M No 51 6 v 0 Pulmonary P X
12 F Yes 42 2 Il 0 Pulmonary M 0
18 M Yes 34 6 Il Peripheral lymph nodes Pulmonary M 0
14 M No 51 7 v 0 Pulmonary P X
15 M Yes 49 4 Il 0 Pulmonary 0 X

Baseline characteristics when infliximab therapy was initiated. Smoking=current smoking habits, no=not a current smoker, yes=current
smoker; duration=duration of sarcoidosis in years before infliximab treatment started; treatment indication=which symptoms that were the
reason for initiation of infliximab treatment; Scadding=Scadding stage=radiographic extent of sarcoidosis assessed by chest X-ray (0-IV);
treatment=concomitant treatment during infliximab treatment. P, M and 0 denote prednisone, methotrexate and no concomitant treatment,
respectively. The x and 0 in the BAL column represent if patient is included in BALF data analysis (x) or not (0).

BAL, bronchoalveolar lavage; BALF, BAL fluid; EPM, extrapulmonary manifestations; F, female; M, male.
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did not take any concomitant immunosuppressant at all
during the study period due to misunderstanding. For
various reasons, patient numbers 8, 12 and 13 received
methotrexate as concomitant treatment. For detailed
information on individual treatment, see online supple-
mental 1.

The majority of patients tolerated the treatment well
without adverse events. Patient number 5 developed a
possible adverse event with an increasing elevation of
liver enzymes. The infliximab treatment was stopped
after the fifth infusion, and the patient was excluded from
the study with no participation in the follow-up. Patient
number 4 became obstructive after the first bronchos-
copy, recovery was bad and the BALF was not sufficient
for analysis, therefore the procedure was not repeated. At
the follow-up bronchoscopy, BALF from patient number
12, who was a smoker, was very grey and full of macro-
phages that lymphocyte data could not be retrieved with
certainty, and therefore also this patient was excluded
from BALF data analysis. Patient number 13 did not want
to take part in the bronchoscopy part of the study.

Following response assessment, 12 patients were clas-
sified as responders and 2, both disclosing increasing
sarcoidosis-related changes on CT scan, as
responders. Both non-responders were found among the
four patients administered with a lower mean cumulative
dose of infliximab/kg body weight.

The two patients in Scadding stage I, with a non-
pulmonary treatment indication (patient numbers 2 and
6), were classified as responders as the prednisone dose
could be reduced after initiation of infliximab treatment.
In addition, patient number 6 had parenchymal noduli,
visible on the CT scan, and these were clearly reduced at
follow-up.

non-

Lung function

Responders disclosed an increase in median percentage
predicted forced vital capacity (FVC) from 71% (25th
percentile 60-75th percentile 82) to 83% (71-94), and
median percentage predicted forced expiratory volume
in one second (FEV1) from 61% (41-75) to 67% (46-90)
at follow-up (p<0.05 for both). Median percentage
of diffusion capacity of the lung for carbon monoxide
(DLCO) increased from 68% (62-81) to 78% (64-82),
but this did not reach statistical significance. In the two
non-responders, the median percentage of predicted
FVC and FEV1 was more or less unchanged between base-
line and follow-up, from 67% to 65% and 59% to 61%,
respectively, while DLCO decreased from 57% to 48%.

BALF and PB cells

After treatment, the median percentage of BALF CD56+
Tcells increased significantly (from 4.1% (25th percen-
tile 2.1-75th percentile 4.8) to 5.0% (3.0-5.2), p<0.05)
while a reduction was seen in PB (from 7.0% (3.5-12.8)
to 3.0% (1.7-7.3), p<0.005). However, no correlation was
detected between BALF and PB CD56+ T cells, neither
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Figure 1 (A) Median percentage BALF CD56+ Tcells
before infliximab treatment and at follow-up in responders
(n=9) and non-responders (n=2). Each line denotes one
patient. (B) Median percentage PB CD56+ T cells before
infliximab treatment and at follow-up in responders (n=12)
and non-responders (n=2). Each line denotes one patient.
BALF, bronchoalveolar lavage fluid; PB, peripheral blood.

before nor after treatment (p>0.05). Individual data are
shown in figure 1A,B.

No significant changes were seen in the median
percentage of BALF and PB NK between baseline and
follow-up (from 3.3% (1.9-6.6) to 1.8% (1.5-5.6) and
from 17.0% (13.5-21.4) to 12.3% (9.1-15.3), respec-
tively), p=0.2 for both. However, there was a variation
between patients with both increased, decreased, and
more or less unchanged median percentage values.

No significant change was seen in BALF B cells, median
percentage decreased from 0.7% (0.3-0.9) to 0.6% (0.3—
3.1) (p=0.4). In PB, B cells showed a tendency to increase
after treatment, from 12.3% (9.6-13.5) to 13.8% (12.2—
15.8) (p=0.07). After treatment, there was a negative
correlation between PB and BALF B cells (Spearman’s
r=—0.7, p<0.05) (see figure 2).

Detailed individual information on BALF and PB data
is given in online supplemental 2A,B.

BALF data on cell concentration, percentages of
macrophages and lymphocytes, as well as CD4/CD8 ratio
for the majority of included patients have been published
previously” and can be found, including new informa-
tion, in online supplemental 3.
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Figure 2 Correlation between percentage PB and
BALF B cells after treatment in patients included in the
bronchoscopy part (n=11). BALF, bronchoalveolar lavage
fluid; PB, peripheral blood.

DISCUSSION

We found that 6months of infliximab treatment in
patients with sarcoidosis refractory to conventional treat-
ment led to an increased median percentage of BALF
CD56+ Tcells and a concomitant decrease in PB. The
median percentage of PB B cells showed a tendency to
increase, and a negative correlation between PB and
BALF B cells was observed after treatment.

Patients with sarcoidosis often disclose a PB lympho-
penia and research findings suggest that lymphocytes are
depleted in PB due to increased infiltration in affected
organs including the lung.?' * Thus, it seems as if lung
and PB lymphocytes can migrate between compartments,
and an attractive explanation to the findings reported
here on CD56+ Tcells could be an influx of these cells
from the circulation to the lung. But speaking against
this theory does the fact that we did not detect a signif-
icant correlation between BALF and PB CD56+ T cells.
Hence, the CD56+ T cells in BALF and PB might belong
to different subpopulations. However, a lack of correla-
tion can also be due to the limited number of included
patients.

The practical bearing of CD56+ Tcell expansion in
PB from patients with sarcoidosis is unclear.’ ¥ However,
given their potential of producing IFN-y’ and our obser-
vation of a decrease paralleled by clinical improvement
in most patients after infliximab therapy suggest that
CD56+ T cells contribute to systemic inflammation. Like-
wise, in other inflammatory diseases, PB CD56+ T cells
decreased after pharmacological intervention. Specif-
ically, a study showed that treatment with infliximab
restored PB CD56+ Tcells to normal levels in patients
with spondyloarthropathy and rheumatoid arthritis with
high baseline values.” In Behcet’s uveitis, proportions of
IFN-y-producing CD56+ T cells in PB were significantly
higher than in healthy controls but normalised after
treatment with prednisone and cyclophosphamide.**

In contrast to PB, the median percentage of CD56+
Tcells in BALF increased. Since BALF CDb56+ T cells
are efficient producers of IFN-y and TNF-o, even more
efficient than PB CD56+ Tcells following stimulation,”
we assumed that BALF CD56+ Tcells would contribute
to the THI alveolitis. However, our results point in the
opposite direction; the increase in CD56+ T cells in BALF
coincides with a decreased TH1 alveolitis.” As the func-
tion of CD56+ T cells seems, at least to some degree, to be
dependent on the T cell subset and microenvironment,g
we believe that the increased percentage of CD56+ T cells
observed in BALF after treatment represents a CD56+
T cell population with a different function than in PB.

Interestingly, CD3 and NK cells-associated marker
CD56/16 have been used in several studies on sarcoidosis
and other lung diseases to identify NK T cells.*** NK T
cells can release cytokines that can influence the balance
between THI and TH2 responses.”” A dysregulation of
NK T cells has been proposed to, at least partly, explain
the amplified T cell response in sarcoidosis.” Lower NK
T cell frequencies in BALF have been correlated with
exaggerated lymphocytosis and CD4+ Tcell responses’'
However, not all cells expressing these markers have the
functional characteristics of NK T cells, and not all NK T
cells express NK cell antigens.™ Still, it is possible that the
BALF CD56+ Tcells investigated here, at least to some
extent, reflect NKT cells and thus, an expansion in BALF
after infliximab treatment could explain the downregu-
lated THI response. Moreover, supporting the hypothesis
of BALF and PB CD56+ T cells having different functions
is the finding that the majority of CD56+ Tcells in PB
do not express Voi24, a T cell receptor o-chain, which is
regarded as a more accurate marker for identification of
most NK T cells compared with CD56."%

Somewhat surprisingly, having in mind the capacity of
NK cells to produce large amounts of IFN-y and TNF-o.,°
and as an increased percentage of NK cells in the BALF
from patients with sarcoidosis associated with a poor
outcome,” we did not detect any significant changes
between baseline and follow-up in NK cells. Also in RA,
infliximab treatment led to decreased NK cell counts in
PB, possibly through binding of membrane-associated
TNF-0..>* However, we do not know if the NK cell function
may be altered. Also, we observed individual differences,
which may be of importance for outcome in the long run
and risk of relapse.

Many studies have demonstrated signs of B cell acti-
vation in sarcoidosis.'® % However, in PB of patients
with serious chronic sarcoidosis, B cell lymphopenia
as a result of memory B cells reduction was reported.’
Furthermore, patients with active chronic sarcoidosis had
less circulating memory B cells compared with healthy
controls and patients with inactive sarcoidosis.”” It has
been suggested that the B cell lymphopenia is a conse-
quence of these cells being attracted by cytokines to the
lung where they are activated by T cells, subsequently
differentiating into plasma cells, eventually leading to
polyclonal hypergammaglobulinaemia. 193
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As we did not use markers for B cell subtypes, we cannot
tell whether infliximab treatment had an impact on
memory B cells in our patients with sarcoidosis. However,
itis tempting to speculate that the tendency of increased
median percentage of PB B cells after treatment might
reflect a restoration of memory B cells by infliximab also
in sarcoidosis. Since memory B cells can act as regulators
of inflammation by producing suppressive cytokines,” a
memory B cell restoration could possibly contribute to
the downregulated inflammation and clinical improve-
ment. Moreover, if a powerful B cell response is neces-
sary for a humoral response, a restoration of B cells may
help to get rid of antigens that induce granuloma forma-
tion.” Interestingly, in Crohn’s disease, another granu-
lomatous disease, IgM memory B cell reduction in the
circulation was restored after treatment with infliximab.”’
Another study reported high serum BAFF concentrations
in patients with Crohn’s disease responding to infliximab
treatment compared with controls and non-responders,
and this was reduced after treatment.”® Also, in spondy-
loarthropathy, infliximab treatment increased circulating
memory B cells.® In this context, we think our findings
of a tendency to increased percentage of PB B cells and
a significant negative correlation between PB and BALF
B cells after, but not before treatment, may indicate that
a disturbed B cell homeostasis, including dysregulated
BAFF, is restored from infliximab. Notably, considering
that BAFF can augment THI responses, control and
reduction of BAFF expression have been suggested to
provide a therapeutic strategy for sarcoidosis.'®

This study has some major limitations. The lack of
marker measurements for B and T cell subsets compli-
cates the interpretation of functional consequences from
the observed differences between compartments. The
relatively small study sample with an imbalanced sex
distribution, both smokers and non-smokers, and only
two non-responders, limits us to draw firm conclusions
on the observed changes concerning treatment outcome.

Major strengths include exploration of immune cells
that have not been previously studied in relation to inflix-
imab therapy in two compartments, that is, lung and
circulation, before and after treatment.

CONCLUSIONS

In conclusion, we observed a significant increase in the
median percentage of BALF CD56+ T cells, while a signif-
icant decrease in PB in patients with sarcoidosis after
6months of infliximab treatment. We found no signifi-
cant changes for NK cells, though individual differences
were observed. The median percentage of PB B cells
showed a tendency to increase, and there was a negative
correlation between PB and BALF B cells after treatment.
The observed changes suggest different effects of inflix-
imab treatment between compartments and highlight
the importance of studying several compartments when
investigating sarcoidosis.

It will be interesting to continue trying to detangle the
effects of infliximab on immune cells and its relation to
outcome in the long run. Nevertheless, we will continue
our efforts to follow the patients longitudinally, collect
more patient data, and look into more in-depth immune
cells by broadening the antibody panel to B and T cell
subsets, BAFF and BAFF receptors.
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