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The Ratio of Peripheral Regulatory T Cells to Lox-1*
Polymorphonuclear Myeloid-derived Suppressor Cells
Predicts the Early Response to Anti-PD-1 Therapy in
Patients with Non-Small Cell Lung Cancer

To the Editor:

Immune checkpoint inhibitors (ICIs) have emerged as a promising
treatment modality for patients with non-small cell lung cancer
(NSCLC). However, ICI monotherapy has a relatively low response
rate (approximately 20-50% in patients with NSCLC) (1), and
consequently it is important to develop predictive biomarkers of
response to inform clinical decisions regarding ICI use. Although
PD-L1 expression on tumor cells is currently used as a predictive
determinant for anti-PD-1 therapy responses, the accuracy of this
test is relatively poor. Therefore, better predictive biomarkers for
anti-PD-1 therapy in patients with NSCLC are needed.

Myeloid-derived suppressor cells (MDSCs) and regulatory T cells
(Tregs) play crucial immune-suppressive roles in patients with cancer (2).
In addition to promoting tumor growth, the suppressive actions of
MDSCs and Tregs hinder the efficacy of cancer immunotherapy.
Therefore, we hypothesized that the frequency of immune-suppressive
cell subsets might be correlated with the response to anti-PD-1 therapy.
The fact that MDSCs and Tregs can be easily detected and affordably
quantified in the peripheral blood of patients with NSCLC makes them
excellent candidates for predictive biomarkers of IClIs.

To identify correlations between suppressive-cell subsets and the
response to anti-PD-1 therapy, we longitudinally analyzed the frequency
of immune-suppressive cells, including Tregs and MDSCs, in the blood
of patients with NSCLC in an exploratory cohort (= 34) before and
after nivolumab treatment. The data were validated in an independent
cohort of patients with NSCLC (n = 29). We prospectively enrolled
patients with NSCLC who had failed platinum-based chemotherapy.

Patients were categorized as responders (complete response,
partial response, or stable disease for more than 6 mo) or nonresponders,
and blood samples were collected both before and after the first
nivolumab treatment (3 mg/kg every 2 wk). The frequency of Tregs
and polymorphonuclear (PMN)-MDSCs, which are the dominant
population of MDSCs in patients with NSCLC, was quantified using flow
cytometry. Expression of the lectin-type oxidized LDL receptor-1 (Lox-1)
in PMN-MDSCs was additionally analyzed to distinguish PMN-MDSCs
from neutrophils (3). At baseline, the percentage of Tregs was higher in

Supported by grants from the Basic Science Research Program through the
National Research Foundation of the Republic of Korea 2015R1C1A1A01054596,
2012R1A5A2A44671346, 2017R1D1A1B03029874, 2017R1A5A1014560,
2018M3A9H3024850, 2017M3A9ES072669, and 2017M3A9E8029717) and the
Research Resettlement Fund for the New Faculty of Seoul National University.

Author Contributions: Conception and design: H.R.K, B.C.C, S.-Y.S., S.-J.H.,
and J.-1.Y. Collection and assembly of data: H.R.K. and S.-M.P. Data analysis
and interpretation: H.R.K,, S.-M.P., S.-U.S,, I.J., H.L.Y,, D.L.G., B.C.C., S.-Y.S,,
S.-J.H., and J.-L.Y. Manuscript writing: all authors.

Originally Published in Press as DOI: 10.1164/rccm.201808-1502LE on
October 19, 2018

243


http://www.atsjournals.org/doi/suppl/10.1164/rccm.201807-1279LE/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://orcid.org/0000-0003-3052-2793
mailto:r.thwaites@imperial.ac.uk
http://dx.doi.org/10.1164/rccm.201808-1502LE

A
o 6 1 p=0.0011
@ [ ]
=
zZ 41
=
o
+
8 2
-
F o L
Nonresponders Responders
B
2.5 4
=0.0002
3 P e
[ i
= 2.0
> ([
S 1.5+
o
+
= 1.0 1
s}
—
> 0.5 el P
Eool et e

Nonresponders Responders

% Progression free survival

% Progression free survival

PFS

(days) p value
100 TMR<0.39 35
0.0079
80 —— TMR>0.39 103
60
40
20 +
0 T T T T 1
0 100 200 300 400 500
Days
100 -T
80 -
PFS p value
60 4 (days)
TMR<039 35
0.0017
40 A — TMR=>20.39 NR
20 +
0 T T T 1
0 100 200 300 400
Days

Figure 1. Quantification of peripheral immune-suppressive cells after the first anti-PD-1 therapy in the exploration (A) and validation (B) cohort of patients
with non-small cell lung cancer. Left panel: the Treg-to-Lox-1" polymorphonuclear myeloid-derived suppressor cell (PMN-MDSC) ratio (TMR) was
compared between nonresponders and responders. Right panel: progression-free survival (PFS) was analyzed by cutoff value 0.39 (right panels) in
the exploration (A) and validation (B) cohorts. PFS was measured from the first day of anti-PD-1 therapy to tumor progression or death. Patients

were censored on June 5, 2018, if alive and progression free. NR = not reached; Treg = regulatory T cells.

responders than in nonresponders, but there was no significant difference
in the frequency of Lox-1" PMN-MDSCs (not shown). After the first
treatment, the median percentage of Tregs was also higher in responders
than in nonresponders, whereas the median percentage of Lox-1" PMN-
MDSCs was significantly lower in responders than in nonresponders
(not shown). Interestingly, an inverse correlation was observed between
the percentage of Tregs and Lox-1" PMN-MDSCs (not shown).

To optimize the cutoff value, we evaluated the ratio of Tregs to Lox-
1" PMN-MDSCs (abbreviated as TMR). The difference between the
TMRs of responders and nonresponders was significantly greater than
the frequency of either Tregs or Lox-1" PMN-MDSCs alone, with an
area under the receiver operator characteristic curve of 87% (not
shown). Patients with a TMR = 0.39 (the cutoff value that optimized
both sensitivity and specificity) had a likelihood ratio for being a
responder of 3.17. The sensitivity and specificity of using this cutoff to
predict response was 87.5% (95% confidence interval, 63.5-98.5%) and
72.2% (95% confidence interval, 46.5-90.3%), respectively. Moreover,
patients with a TMR = 0.39 had significantly longer median
progression-free survival (103 vs. 35 d; P=0.0079) than those with a
TMR < 0.39 (Figure 1A). The validation cohort results confirmed that
the TMR predicts the treatment outcome of nivolumab in patients
with NSCLC (Figure 1B). To further evaluate the performance of the
TMR as a predictive marker for anti-PD-1 therapy, we analyzed all of
the available data (n = 63). The positive and negative predictive values
(cutoff TMR, 0.39) were 69.2% and 91.8%, respectively.

To confirm the presence of PMN-MDSCs, Lox-1 expression
and reactive oxygen species (ROS) production were analyzed in PMN-
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MDSCs compared with neutrophils. Lox-1 was previously reported to be a
PMN-MDSC-specific marker expressed on immune-suppressive PMN-
MDSCs but not on neutrophils (3). High ROS production is one of the
immune-suppression mechanisms in PMN-MDSCs (4). In our patients,
Lox-1 was prominently expressed on PMN-MDSCs compared with
neutrophils (Figure 2A). Moreover, the level of ROS production was
significantly higher in PMN-MDSCs than in neutrophils (Figure 2A),
indicating that the PMN-MDSCs in our study showed common
features of PMN-MDSCs that can be distinguished from neutrophils.
To elucidate the mechanism involved in the response to
nivolumab, we analyzed 40 cytokines and chemokines in plasma
from patients after the first nivolumab treatment by multiplex
immunoassay. The levels of three chemokines (CXCL2, CCL23, and
CX3CL1) and HMGBI were significantly higher in nonresponders
than in responders (Figure 2B). CXCL2, CCL23, and CX3CL1 were
previously reported to promote the recruitment of MDSCs (5-7),
and HMGBI is also involved in MDSC differentiation (8).
Accumulation of MDSCs is linked to a poor prognosis in
patients with NSCLC (9), but their specific role in anti-PD-1 therapy
has not been studied. Our data demonstrate that factors involved
in MDSC proliferation and recruitment are markedly higher in
nonresponders than in responders after anti-PD-1 therapy, which
might impair the efficacy of anti-PD-1 therapy. Lox-1" PMN-MDSC
numbers increased with anti-PD-1 therapy in nonresponders,
suggesting that Lox-1" PMN-MDSCs are a specific subset of MDSCs
with immunosuppressive function in patients with NSCLC.
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Figure 2. Characterization of polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs) in patients with non—small cell lung cancer. (A)

Comparison of Lox-1 levels and reactive oxygen species production between PMN-MDSCs and neutrophils in peripheral blood of patients with non-small
cell lung cancer. PMN-MDSCs were isolated from peripheral blood mononuclear cells, and neutrophils were isolated from the pellet after density gradient
centrifugation of blood. Reactive oxygen species production was measured using the oxidation-sensitive dye dichlorodihydrofluorescein diacetate (DCFDA).
(B) Analysis of chemokines and HMGB1 in the plasma of patients with NSCLC after the first therapy. *P < 0.05, **P < 0.01 (two-tailed Student’s ¢ test). MFI =

mean fluorescence intensity; NR = nonresponders; R = responders.

Interestingly, the frequency of peripheral Tregs was significantly
higher in responders than in nonresponders. The presence of Tregs in
tumors has been associated with poor survival, but a recent report
demonstrated that a higher frequency of circulating Tregs is associated with
a favorable response to anti-PD-1 therapy (10). In addition, we observed
that tumor Treg numbers were inversely correlated with peripheral Treg
numbers in the mouse tumor model (not shown). These data support our
observation of high Treg numbers in peripheral blood associated with a
favorable response to anti-PD-1 therapy.

In conclusion, the TMR in the blood after the first nivolumab
treatment predicts the early response in patients with NSCLC and
may provide clinicians with vital information concerning whether to
continue or stop further anti-PD-1 therapy. B
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Alpha-1 Antitrypsin Deficiency as an Incidental Finding
in Clinical Genetic Testing

To the Editor:

Sequencing of gene panels or whole exomes has become increasingly
common for the diagnosis and management of genetic disorders.
These tests frequently uncover variants in genes unrelated to

the clinical condition, termed “incidental” or “secondary” findings.
An additional and rapidly growing source of incidental findings
is direct-to-consumer genetic testing. Many of the variants
discovered will be of uncertain clinical significance (1). However,
there is potential to find variants with severe adverse health
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effects. The American College of Medical Genetics published
recommendations for reporting secondary findings, including

a limited list of disease genes, with periodic updates (2). However,
this list does not include cystic fibrosis or alpha-1 antitrypsin
deficiency (AATD), two relatively common genetic disorders
encountered by specialists in pulmonary medicine.

AATD is associated with a greatly increased risk for
emphysema and, less so, bronchiectasis, in adults. Liver disease may
present in childhood or adulthood. Alpha-1 antitrypsin is encoded
by the gene SERPINAI on chromosome 14. AATD-related lung
disease follows an autosomal recessive inheritance pattern. Severe
AATD is usually caused by two copies of the protease inhibitor
(PD)*Z allele of the SERPINA1I gene (PI*ZZ genotype). AATD is
one of the most common genetic conditions in the United States,
with an estimated prevalence of 1 in 3,000 to 1 in 5,000 (3). Studies
have identified multiple rare null alleles that yield no detectable
serum protein (4). These would be expected to increase risk of lung
disease but not liver disease. Compound heterozygosity for the
PI*SZ genotype is an established risk factor for chronic obstructive
pulmonary disease (COPD) (5). Heterozygous carriers of the PI*Z
allele (PI*MZ) have an increased risk of airflow obstruction,
especially in cigarette smokers (6), although not to the same degree
as PI*ZZ individuals.

Herein, we describe three patients with AATD detected
incidentally through different genetic tests, including the discovery
of a novel null allele. This study was approved by the institutional
review board at Partners Healthcare.

Case 1 is a 45-year-old nonsmoking male physician who
underwent exome sequencing as a commercial promotion, revealing
PI*SZ genotype (Table 1). He denied symptoms of lung or liver disease.
He has a great uncle with COPD, who had not been tested for AATD.
Pulmonary function tests (PFTs) and liver function tests were normal.

Case 2 is a 32-year-old male nonsmoker of Ashkenazi Jewish
ancestry, with no symptoms or family history of lung or liver disease.

Table 1. Two Individuals with Alpha-1 Antitrypsin Deficiency
Incidentally Discovered through Genetic Sequencing

Case 1 Case 2
Age, yr 45 32
Sex Male Male
Alpha-1 antitrypsin genotype PI*SZ PI*Z-Nullt
Alpha-1 antitrypsin level, uM 9.2 4.8
Alpha-1 antitrypsin level, mg/dl 48 25
FEV;4, L (% predicted) 4.68 (112) 5.21 (104)
FVC, L (% predicted) 6.08 (117) 6.27 (100)
FEV,/FVC ratio 0.77 0.83
Total lung capacity, L 7.49 (104) 6.77 (82)

(% predicted)

DLco, ml/min/mm Hg 29.6 (90) 38.4 (97)

(% predicted)

TSequencing showed SERPINAT heterozygosity, with one PI*Z allele and a
complex frameshift mutation, 9.94378591_94378598delGCAGCTTCINSTGTTTTT
(NC_000014.9), between amino acid positions Glu346 and Ala348. This
mutation leads to a premature stop codon at amino acid position 353,
leading to a null allele, confirmed by isoelectric focusing of serum,

which showed only Pi Z protein. This null allele had not been previously
described and has been reported to the National Center for Biotechnology
Information dbSNP database as rs864622043.
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