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Abstract Currently, little is known about the interactions
between microRNAs (miRNAs) and the PD-1/PD-L1 sign-
aling pathway in chordoma, and data discussing the role
of the immune milieu in chordoma prognosis are limited.
We aimed to analyze the relationship between PD-L1, miR-
574-3p, microenvironmental tumor-infiltrating lymphocytes
(TILs) and clinicopathological features of spinal chordoma
patients. PD-L1 expression and TILs (including Foxp3*,
CD8*, PD-1% and PD-L1%) were assessed by immunohis-
tochemistry in tumor specimens of 54 spinal chordoma
patients. MiRNAs microarray and bioinformatical analysis
were used to identify miRNAs potentially regulating PD-L1
expression, which were further validated by quantitative
RT-PCR. miR-574-3p was identified to potentially regulate
PD-L1 expression in chordoma, which inversely correlated
with PD-L1. Positive PD-L1 expression on tumor cells was
associated with advanced stages (P = 0.041) and TILs infil-
tration (P = 0.005), whereas decreased miR-574-3p level
correlated with higher muscle invasion (P = 0.012), more
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severe tumor necrosis (P = 0.022) and poor patient survival.
Importantly, a patient subgroup with PD-L17/miR-574-3p!°%
chordoma phenotype was significantly associated with worse
local recurrence-free survival (LRFS) (P = 0.026). PD-1%
TILs density was associated with surrounding muscle inva-
sion (P = 0.014), and independently portended poor LRFS
(P = 0.040), while PD-L1* TILs showed tendencies of less
aggressive clinical outcomes. Multivariate analysis of OS
only found CD8*/Foxp3* ratio to be independent prognostic
factor (P = 0.022). These findings may be useful to stratify
patients into prognostic groups and provide a rationale for
the use of checkpoint blockade therapy, possibly by admin-
istering miR-574-3p mimics, in spinal chordoma.

Keywords Spinal chordoma - CD8 - Foxp3 - PD-1 - PD-
L1 - miR-574-3p

List of abbreviations

FFPE Formalin-fixed paraffin-embedded
Foxp3 Forkhead box P3

LRFS Local relapse-free survival
miRNA microRNA

gRT-PCR quantitative RT-PCR

TILs Tumor-infiltrating lymphocytes
Introduction

Being considered to arise from remnants of the embryonic
notochord, chordoma is a very rare and slow-growing malig-
nant mesenchymal neoplasm [1-3]. Clinically, chordoma
accounts for 1-4% of all bone malignancies and has an age-
adjusted incidence rate of less than one case per million
[4-6]. As chordoma usually responds poorly to conventional
chemotherapy and radiation treatment [3, 7], the cornerstone
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of treatment for chordoma at present is complete surgical
resection, which has been suggested to be the most impor-
tant factor influencing chordoma recurrence and long-term
patient survival [2, 7-9]. However, many patients will still
have tumor recurrence after surgery and 5-40% of patients
may even develop metastases [8, 10], which poses a big
challenge in efficient clinical treatment and predicting the
clinical course of the disease. Currently, despite significant
advances in diagnosis, treatment modalities and the molecu-
lar understanding of chordoma, its prognosis still remains
dismal. Thus, the development of novel chordoma-specific
molecular targets is highly needed to improve therapeutic
interventions and prognosis prediction for the patients.

The immune checkpoint of the PD-1/PD-L1 pathway
is believed to represent a mechanism whereby cancer can
evade host antitumor immune surveillance [11, 12]. Previous
clinical trials have already shown promising results by PD-1/
PD-L1-inhibitors in different cancer types [13]. The ration-
ale of immune checkpoint blockade therapy is considered to
directly activate T cells, especially CD8* cytotoxic tumor-
infiltrating lymphocytes (CD8* TILs), in the tumor microen-
vironment [14-16]. Besides the above mechanism, previous
studies also reported several available antibody-based drugs
that could inhibit immunosuppressive Foxp3* regulatory
T-lymphocyte (Foxp3* TILs) pathways [15]. As the major
players in tumor immunity, CD8" TILs and Foxp3* TILs
have been found to correlate with patient survival in many
forms of human cancers [17, 18]. To date, expression pat-
terns of the PD-1/PD-L1 axis and TILs has been described in
the literature for chordoma [19, 20]. However, characteriza-
tion of the different TIL subsets, especially CD8" TILs and
Foxp3™" TILs, in chordoma tumor lesions remains unknown.

MicroRNAs (miRNA) are a family of short endogenous
non-coding RNA molecules that function to suppress protein
coding gene expression through a complementary interac-
tion with the 3’-UTR of target messenger RNAs [21, 22].
Previous studies have shown that miRNAs are implicated in
chordoma development, growth, progression and progno-
sis [23, 24]. However, little is known about the interactions
between miRNAs and the PD-1/PD-L1 signaling pathway
in chordoma.

Currently, many studies have been conducted to inves-
tigate chordoma molecular biology and found several
candidate prognostic biomarkers for risk stratification
[25]. However, due to heterogeneity of tumor cells across
chordoma, broad clinical application of such biomarkers
has not been established yet. In recent years, the tumor
immune microenvironment has been increasingly empha-
sized in pathological evaluation, which can offer meaning-
ful and new information on prognosis. Furthermore, previ-
ous studies have demonstrated that the immune parameters
within tumor regions have prognostic significance superior
to that of traditional staging [26]. In this study, we aim to
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discuss PD-L1 expression, microenvironmental TIL den-
sities, (especially CD8* TILs and Foxp3* TIL levels as
well as their ratio), in resected spinal chordoma and their
association with clinicopathological features or outcome
of spinal chordoma patients. We also attempt to identify
miRNAs potentially regulating PD-L1 expression in spi-
nal chordoma by miRNA microarray and bioinformatical
analysis, and assess the impact of miRNAs/PD-L1 axis
expression on patient survival.

Materials and methods
Patients and tissue samples

A total of 54 tumor tissue specimens from 54 spinal chor-
doma patients who were surgically treated at our Depart-
ment between June 2002 and April 2015 were retrospec-
tively collected. For a normal control, twenty nucleus
pulposus tissue samples from 20 patients with disc her-
niation who underwent surgery during the same period
were also retrieved. These two patient groups have pre-
viously been described in our study [27]. Patients who
had received prior chemotherapy or radiotherapy and any
other types of tumor-specific therapy were excluded for
this study. Clinicopathological data, including age, gen-
der, tumor size, location, tumor grade, stage, surround-
ing muscle invasion, preoperative recurrence, type of
resection, tumor hemorrhage and necrosis, were retro-
spectively reviewed and obtained from patients’ medical
records (Supplementary Table 1). Tumor grade and stage
were evaluated according to the Enneking staging system
for the surgical staging of malignant bone and soft tissue
tumors [2, 7, 28]. Resected tumor specimens were evalu-
ated by anatomic pathologists and recorded as Enneking
appropriate or Enneking inappropriate according to the
Enneking principles [29]. The surrounding muscle inva-
sion by chordoma was confirmed by preoperative magnetic
resonance images and postoperative pathologic examina-
tion [30, 31]. Preoperative tumor recurrence was recorded
in patients who had previously received tumor resection
and had confirmed relapse on admission.

Immediately following surgery, tissue samples from
both patient groups were immediately fixed in 10% buff-
ered formalin and embedded in paraffin. The formalin-
fixed paraffin-embedded (FFPE) blocks from tumor and
normal tissues were retrieved from the Department of
Pathology and processed into 4-pm thick sections. Chor-
doma diagnosis was made on histological examination of
H&E-stained tumor tissue sections by two pathologists
(Yi Jiang and Xiao-Ling She) according to the previously
published criteria [3].
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Follow-up

Patients were followed-up clinically and radiographically
at three-month intervals in the first 2 years postoperatively,
then every 6 months for 3 years after surgery, and annually
thereafter. Diagnosis of local tumor recurrence was based
on the clinical manifestations and imaging finding during
follow-up or histology of the second surgery [1, 32]. Local
relapse-free survival (LRFS) was defined as the time inter-
val from the date of surgery to the diagnosis of the first
local recurrence. Similarly, OS was defined as the inter-
val between tumor resection and death from any causes.
Observations were censored when the patient was tumor-
free (LRFS analysis) or alive (OS analysis) until September
2015.

RNA isolation and miRNA microarray

Total RNA was extracted from 54 FFPE chordoma tissues
and 20 FFPE nucleus pulposus samples using the mirVa-
naTM RNA isolation kit (Applied Biosystems, Frost city,
CA, USA) following the manufacturer’s instructions. The
concentration of sample RNA was measured by a Nano-
Drop 2000 spectrophotometer (Thermo Scientific, Waltham,
MA, USA), and integrity was evaluated by agarose gel elec-
trophoresis and ethidium bromide staining of 28 S and 18 S.

MiRNA microarray data were directly obtained from our
prior studies and subject to the same analysis [33, 34]. Two-
sided ¢ tests and fold change were used to select differentially
expressed miRNAs.

Bioinformatical analysis

We used the miRNA microarray data combined with three
online complementary computational databases (miRanda,
http://www.microrna.org/microrna/home.do; miRWalk2.0,
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/;
TargetScan, http://www.targetscan.org/) by the reverse algo-
rithms to identify the potential miRNAs that might regulate
expression of PD-L1 in spinal chordoma tissues. As previ-
ous studies consistently reported a positive or upregulated
PD-L1 expression in various human-malignant tumors
including chordoma [19, 20, 35-37], we only considered
downregulated miRNAs from results of miRNA microarray
as the candidate miRNAs.

Quantitative RT-PCR

Total RNA (10 ng) from tissue samples was reverse tran-
scribed into cDNA using the miRNA Reverse Transcrip-
tion Kit (Qiagen, Germany) according to the manufacturer’s
protocol. qPCR was conducted using a TagMan® Universal
PCR Master Mix (Applied Biosystems, CA). Melting curve

analysis was carried out to confirm the generation of specific
amplified PCR products at the end of the PCR cycles. The
relative miRNA expression levels were calculated using the
2722C pethod [38], and U6 snRNA was used as an endog-
enous control. All experiments were performed in triplicate.
The specific primers used in this study are shown in Sup-
plementary Table 2.

Immunohistochemistry

Immunohistochemistry was performed using a peroxidase-
labeled streptavidin—biotin technique as previously described
[19,27, 39]. Briefly, 4-pm thin sections were deparaffinized
in xylene and rehydrated with graded ethanol solutions,
and then exposed to antigen retrieval in pressure cooker at
127 °C for 15 min in EDTA buffer with pH 7.0. Then, tis-
sue sections were incubated with 3% H,0, in methanol for
15 min to quench potential endogenous peroxidase activity.
Next, sections were incubated in 10% normal goat serum for
30 min at room temperature to block non-specific binding
after three times washing in PBS. After this, sections were
stained with primary anti-Foxp3 (clone 236A/E7, ab20034,
Abcam, Cambridge, MA, USA) at a dilution of 1:20, anti-
CD8 (bs-4790R, Bioss, Woburn, Massachusetts, USA) at a
dilution of 1:100, anti-PD-1 (clone EPR4877(2), ab137132,
Abcam) at a dilution of 1:400, anti-PD-L1 antibody (clone
28-8, ab205921, Abcam) at a dilution of 1:50 and anti-Ki-67
(clone SP6, ab16667, Abcam) at a dilution of 1:100 at 4 °C
overnight. On the next day, tissue sections were washed with
PBS and then incubated with a secondary biotinylated goat
anti-rabbit immunoglobulin at 37 °C for 30 min, followed by
a streptavidin—peroxidase conjugate (Auragene, Changsha,
Hunan, China). Finally, 3,3’-diaminobenzidine solution was
added to visualize antibody binding, counterstained lightly
with hematoxylin. Negative controls were created by replac-
ing the primary antibody with PBS, and positive control sec-
tions were from human-non-malignant lymph node tissues
as previously suggested [19, 40].

Evaluation of immunohistochemical analysis
Semiquantitative analysis

Immunohistochemistry results were evaluated indepen-
dently by two well-experienced pathologists (Yi Jiang and
Xiao-Ling She) who were blinded for the presented clinical
outcomes. The overall degree of TILs was assessed on full
H&E sections using a semiquantitative evaluation criteria as
previously described [19, 20, 41], and TILs were judged to
be: absent (0), rare/few (1), moderate (2) or prominent (3).
The tissue samples were then classified into negative if a
score of 0—1 was observed (score 0—1) and positive if a score
of 2-3 was otherwise demonstrated. The pattern of Foxp3™,
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CD8*, PD-1* and PD-L1" TILs were analyzed by the same
scoring scale (0-3) and recorded as absent (0), rare/few (1),
moderate (2) or prominent (3), similar to a previous report
[41]. Ki-67 index in tumor tissues was recorded as percent-
age of cells with positive nuclear staining and these data
were grouped into low (< 10% positivity) and high Ki-67
expression (> 10% positivity) according to the criteria pro-
posed by Zhou et al. [31]. PD-L1 expression was defined as
positive if > 5% of tumor cells had membrane staining, as
suggested by previous reports [19, 42, 43].

Automated image analysis

Automated image analysis of TILs was performed for slides
stained for Foxp3, CD8, PD-1 and PD-L1 as previously
described [44, 45]. Briefly, sections were viewed in areas
where TIL density was focally high or representative of the
TIL distribution as a whole using Nikon’s inverted Eclipse
Ti microscope and the images were acquired with Nikon
DS-Ri 1-U3 digital camera (Tokyo, Japan. Camera control
unit DS-U3) using NIS-Elements image analysis software
AR 3.0. The enumeration of Foxp3*, CD8*, PD-1* and
PD-L1* TILs was then performed in five hotspots (20x)
using a computer-assisted image analysis method (Image-pro
plus 6.0, Media Cybernetics, Inc., Rockville, MD, USA).
Finally, the numbers of positively stained cells per unit
area (mm?) were calculated and the mean densities were
obtained.

Statistical analysis

All statistical analyses were performed using SPSS 17.0
(SPSS, Chicago, IL, USA). The data were analyzed using
Student’s ¢ test or One-Way ANOVA test for two continu-
ous variables (presented as mean =+ standard deviation) and
Chi-square test or Wilcoxon’s rank sum test for categorical
variables, where appropriate. Pearson’s correlation test was
used to examine the relationship between two continuous
variables. The threshold value for selecting differentially
expressed miRNAs was placed at P value = 0.05 with fold
change 2 2 and False discovery rate < 0.05, which was cal-
culated to correct the P value. Cutoff Finder Web Applica-
tion (http://molpath.charite.de/cutoff) was used to determine
the threshold value for prognosis analysis [46], which was
defined as the point with the most significant split (smallest
P value from the log-rank test). The Kaplan—-Meier method
was performed to estimate LRFS and OS curves, and the dif-
ferences in survival probability were determined by univari-
ate analysis using the log-rank test. Multivariate Cox pro-
portional hazard models were used to identify independent
factors significantly associated with LREFS and OS by includ-
ing variables that were significant in univariate analysis. All
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tests were two-sided and a P value < 0.05 was considered
statistically significant.

Results
Patient characteristics

54 patients with spinal chordoma who underwent curative
resection at our institute were included. There were 35 males
and 19 females, with a mean age of 55.59 + 13.56 years
(ranging between 23 and 79 years). 43 had primary spi-
nal chordomas and 11 had recurrent diseases. All patients
had conventional chordoma subtype and were followed-up
until September 2015, with an average follow-up period of
42.39 months (range 5-158 months). Other patient charac-
teristics are summarized in Supplementary Table 1.

Differentially expressed miRNAs in chordoma tissue
samples

As per our previous selection criteria, 182 of 2006 human
mature miRNAs were differentially expressed in chordoma
compared with nucleus pulposus tissues (as controls).
Among them, 110 was upregulated and 72 was downregu-
lated (Supplementary Figure 1).

Identification of miR-574-3p as a potential regulator
of PD-L1 expression in spinal chordoma

As shown in Supplementary Table 3 and Supplementary
Figure 2, six downregulated miRNAs were found to poten-
tially regulate PD-L1 expression. The quantitative RT-PCR
results confirmed the findings from the miRNA microar-
ray except for miR-371b-5p, which was found to have no
significant difference in expression between chordoma and
nucleus pulposus tissues (Supplementary Figure 3a). How-
ever, further analysis only showed a significant inverse asso-
ciation between miR-574-3p and PD-L1 (Supplementary
Figure 3b).

Expression of miR-574-3p, PD-L1, microenvironmental
TILs and their correlations with clinicopathologic
features of chordoma patients

The expression level of miR-574-3p in chordoma tissues
was significantly lower than that in nucleus pulposus sam-
ples (¢ = 8.463, P < 0.001, Supplementary Figure 3a). In
addition, chordoma with reduced miR-574-3p expression
was significantly associated with higher muscle invasion
and more severe tumor necrosis (f = 2.612, P = 0.012 and
F =3.520, P =0.022, respectively, Table 1). PD-L1 expres-
sion was positive in tumor cells in 37 of 54 patients (68.5%,
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Fig. 1 Immunohistochemistry
analysis of PD-L1 expression
levels. a Positive expression of
PD-L1 in chordoma tissues; b
negative expression of PD-L1
in chordoma tissues; ¢ positive
expression of PD-L1 in nucleus
pulposus tissues; d negative
PD-L1 expression in nucleus
pulposus tissues (X 400)

Fig. 1a, b). In contrast, PD-L1 was expressed in nucleus pul-
posus tissues in 5 of 20 cases (25.0%, Fig. 1¢, d) and the dif-
ference was statistically significant (y*> = 11.260, P < 0.001).
We also found that patients with positive PD-L1 expression
exhibited advanced stages at presentation (Z = — 2.039,
P =0.041, Table 1).

Overall, TILs were present in all 54 patient samples after
assessing the H&E sections. Specifically, the overall TIL
level was scored as rarely or a few in 23 (42.6%), moderate
in 15 (27.8%), and prominent in 16 (29.6%) cases (Supple-
mentary Figure 4a—c). Therefore, the overall TIL expression
was negative (0 or 1) in 23 (42.6%) and positive (2 or 3)
in 31 (57.4%) cases. PD-1 and PD-L1 were expressed in
TILs in all 54 samples (Supplementary Table 4 and Sup-
plementary Figure 4d—i). The average intratumoral PD-1"
and PD-L17" TILs densities were 151.8 cells/mm? and 288.0
cells/mm?, respectively (Supplementary Table 1). Increased
PD-1* TIL infiltration was associated with higher tumor
invasion of the surrounding muscle tissue (r = — 2.531,
P =0.014, Table 1). However, a low level of PD-L1+ TILs
was correlated with higher pathological grade (1 = — 2.878,
P = 0.006), advanced stages (F = 2.815, P = 0.035) and
tumor location at the mobile spine (r = 2.201, P = 0.032)
(Table 1). The pattern of CD8" or Foxp3* TILs in chordoma
tissues fell into four categories (Supplementary Table 4 and
Supplementary Figure 5a-h). The mean intratumoral CD8*
or Foxp3™" TILs density, and CD8"/Foxp3* TILs ratio were
311.0 cells/mm?, 132.0 cells/mm? and 3.3, respectively
(Supplementary Table 1). However, there was no statistically
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significant relationship found between CD8* or Foxp3™ TILs
density, or CD8"/Foxp3™ ratio and clinicopathological vari-
ables examined (Table 1).

Association between microenvironmental TILs
and miR-574-3p/PD-L1 axis

Tumors with PD-L1-positive expression were more likely to
have lymphocyte tumor infiltration (Supplementary Table 5).
However, tumor miR-574-3p expression was found to have
no significant correlation with TIL infiltration in chordoma
microenvironment (Supplementary Figure 6f).

The mean PD-1* TIL densities were significantly higher
in chordoma tissues with positive PD-L1 expression as
compared with tissue harboring negative PD-L1 expression
(r=2.718, P =0.009, Supplementary Figure 6a). However,
chordomas with negative PD-L1 expression were tended to
have more number of PD-L1* TILs in tumor microenviron-
ment than those with positive PD-L1 expression (t =2.951,
P = 0.005, Supplementary Figure 6b). Similar observation
was also found for CD8%/Foxp3™ ratio, which was lower
in PD-L1-expressed tumors than the PD-L1-negative coun-
terparts (¢ = 2.764, P = 0.008, Supplementary Figure 6c).
However, Foxp3* TILs or CD8* TILs alone were not sig-
nificantly associated with PD-L1 expression (Supplementary
Figure 6d, e).

CD8*/Foxp3™* ratio was closely associated with miR-
574-3p expression (Supplementary Figure 7a and Supple-
mentary Table 5). We also observed a moderate correlation



Cancer Immunol Immunother (2018) 67:209-224

217

between PD-1* TIL and PD-L1" TIL densities, and between
CD8* TIL and Foxp3* TIL densities (Supplementary
Table 5 and Supplementary Figure 7b, ¢). In addition, CD8*/
Foxp3* ratio was correlated with the number of PD-1* TILs,
Foxp3* TILs and CD8" TILs (Supplementary Table 5 and
Supplementary Figure 7d-f).

Influence of miR-574-3p and PD-L1 expression
and TILs on spinal chordoma prognosis

During the follow-up period, 41 patients (75.93%) had local
recurrence and 24 patients (44.44%) died. The estimated
1- and 3-year LRFS rates were 70.1% and 9.6%, while the
estimated 1-, 3-, 5- and 10-year OS rates were 88.4, 51.6,
44.1 and 35.3%, respectively. Median LRFS and OS were

21.0 months (range 3—45 months) and 48.0 months (range
5-158 months), respectively.

The prognostic cut-offs in relation to LRFS and OS
for miR-574-3p and TILs are listed in Supplementary
Table 6. Patients were divided into high (= cutoff) or
low expression group (< cutoff) according to the cutoff
values. Kaplan—Meier analysis showed that high tumor
miR-574-3p expression was statistically associated with
better LRFS (Table 2 and Fig. 2a). In addition, coexpres-
sion of PD-L1 and miR-574-3p in tumor cells was sig-
nificantly associated with LRFS (Table 2 and Fig. 2b).
Subgroup analysis indicated that positive PD-L1 and low
miR-574-3p expression levels were associated with much
poorer survival when compared with positive PD-L1
and high miR-574-3p-expressed tumors (median, 12 vs.

Table 2 Univariate and multivariate Cox proportional hazard analyses of prognostic factors for local recurrence-free survival of spinal chor-

doma patients

Factors Categories Univariate Multivariate analysis (with Multivariate analysis (with
analysis CD8*/Foxp3™ ratio)* CD8* TILs)*
;(2 P value P value HR (95% CI) P value HR (95% CI)
Sex Male/female 2.949 0.086
Age <50/> 50 6.560 0.010 0451  1.462(0.545-3.917) 0.395 1.454(0.614-3.441)
Tumor size <5cm/>5cm 0.278 0.59
Tumor location Sacral vertebra/cervical or 0.003 0.95
thoracic or lumbar vertebra
Preoperative recurrence Yes/no 0.954 0.32
Surrounding muscle invasion ~ Yes/no 24.585 < 0.001 0.009 3.900 (1.400-10.863) 0.009  3.538 (1.376-9.097)
Grade High/low 0.231 0.631
Stage IA/IB/TIA/IIB/IIT 0.960 0.916
Type of resection EI/EA 16472 < 0.001 0.529  1.375(0.509-3.715) 0.547  1.363 (0.498-3.732)
Tumor hemorrhage Yes/no 4.031 0.045 0.125 2.446(0.781-7.657) 0.082  2.701 (0.881-8.281)
Tumor necrosis Absent/mild/moderate/severe  0.189 0.97
Extent of overall TILs Negative/positive 4.104 0.043 0.304  1.601 (0.652-3.929) 0.346  1.522 (0.635-3.649)
Ki-67 index High/low 14.163 < 0.001 0.105  2.082(0.857-5.056) 0.111  2.078 (0.845-5.111)
PD-L1 expression on tumor Negative/positive 3.406 0.065
cells
Tumor miR-574-3p expression High/low 6.350 0.012 0.269  0.613 (0.258-1.460) 0.293  0.635 (0.272-1.481)
PD-L1/miR-574-3p coexpres- Low/low 6.359 0.042 0.443  0.837(0.532-1.318) 0.570  0.883 (0.575-1.356)
sion High/low

Low/high

High/high
PD-1" TILs High/low 17.731 < 0.001 0.040  3.268 (1.053-10.138) 0.040  3.046 (1.053-8.806)
PD-L1" TILs High/low 10.789 0.001 0.446  0.590(0.152-2.291) 0.316  0.510 (0.137-1.902)
CDS8* TILs High/low 7.700 0.006 0.262  0.532(0.177-1.602)
Foxp3* TILs High/low 0.661 0416
CD8*/Foxp3* ratio High/low 7.696 0.006 0.098 0.412(0.144-1.179)

Bold values indicate P < 0.05

EI Enneking inappropriate, EA Enneking appropriate, T/Ls tumor-infiltrating lymphocytes, PD-1 programmed cell death 1, PD-L1 programmed

cell death-1 ligand 1, HR hazard ratio, CI confidence interval

2 CD8*/Foxp3* ratio and CD8* TILs were not simultaneously included in the multivariate analysis because they are closely correlated and seem

to be confounded with each other
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Fig. 2 Kaplan—-Meier curves of the local recurrence-free survival
of patients. a Stratified by miR-574-3p expression (P = 0.012 via
log-rank test); b stratified by miR-574-3p/PD-L1 coexpression

23 months, P = 0.026; log-rank). Furthermore, we found
that the levels of PD-1% TILs, PD-L1* TILs, CD8* TILs
as well as CD8%/Foxp3* ratio were statistically associated
with LRFS (Table 2 and Fig. 2c—f). Multivariate analy-
ses showed that PD-1 expression in TILs and surrounding
muscle invasion by tumor were independent predictors for
LRFS (Table 2). Moreover, CD8*/Foxp3* ratio tended to
have more statistically powerful prognostic value on LRFS
than CD8™ TILs alone, though such prognostic implication
did not reach significance (Table 2).
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(P = 0.042); c¢ stratified by PD-1" TILs density (P < 0.001); d strati-
fied by PD-L1" TILs density (p = 0.001); e stratified by CD8* TILs
density (P = 0.006); f stratified by CD8*/Foxp3™ ratio (P = 0.006)

Regarding OS, Kaplan—Meier analysis showed that high
tumor miR-574-3p expression was statistically associated
with better OS (Table 3 and Fig. 3a). Similar associations
were also observed between OS and high CD8*/Foxp3*
ratio or PD-L1" TILs density (Table 3 and Fig. 3b, c¢). How-
ever, patients with high PD-1* TIL or Foxp3* TIL density
experienced worse OS (Table 3 and Fig. 3d, e). In addition,
coexpression of PD-L1 and miR-574-3p in tumor cells was
significantly associated with OS (Table 3). However, we
found no significant difference in survival outcome between
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Table 3 Univariate and multivariate Cox proportional hazard analyses of prognostic factors for overall survival of spinal chordoma patients

Factors Categories Univariate Multivariate analysis (with Multivariate analysis (with
analysis CD8*/Foxp3™ ratio)* Foxp3* TILs)*
Ve P value P value HR (95% CI) P value HR (95% CI)
Sex Male/female 1.540 0.21
Age < 50/> 50 1.459 0.22
Tumor size <5cm/>5cm 0.127 0.72
Tumor location Sacral vertebra/cervical or 0.132 0.71
thoracic or lumbar vertebra
Preoperative recurrence Yes/no 0.546 0.46
Surrounding muscle invasion No/yes 6.793 0.009 0.732  0.806 (0.235-2.761) 0.847 1.121 (0.352-3.571)
Grade High/low 0.641 0.42
Stage TA/IB/IIA/TIB/IIT 22303 < 0.001 0.054 1.569 (0.993-2.480) 0.344  1.214 (0.813-1.813)
Type of resection EI/EA 5.898 0.015 0.132  2.152(0.795-5.828) 0.245  1.827 (0.662-5.043)
Tumor hemorrhage Yes/no 0.319 0.57
Tumor necrosis Absent/mild/moderate/ 4.032 0.25
severe

Extent of overall TILs Negative/positive 0.003 0.95
Ki-67 index High/low 2.045 0.15
PD-L1 expression on tumor  Negative/positive 1.047 0.30

cells
Tumor miR-574-3p expres-  High/low 10.863 0.001 0.965 0.167 (0.002-13.945) 0.966  0.171 (0.002-14.621)

sion
PD-L1/miR-574-3p coex- Low/low 14.699 0.002 0.168  0.709 (0.435-1.156) 0.226  0.750 (0.470-1.195)

pression High/low

Low/high
High/high

PD-1" TILs High/low 7.842 0.005 0.743  1.301 (0.271-6.248) 0.195  2.487 (0.627-9.864)
PD-L1" TILs High/low 6.868 0.009 0.138  0.209 (0.026-1.657) 0.837  0.834 (0.147-4.727)
CDS8* TILs High/low 1.041 0.308
Foxp3* TILs High/low 5.083 0.024 0.123  2.158 (0.811-5.743)
CD8*/Foxp3* ratio High/low 9.116 0.003 0.022 0.153 (0.031-0.761)

Bold values indicate P < 0.05

EI Enneking inappropriate, EA Enneking appropriate, TILs tumor-infiltrating lymphocytes, PD-1 programmed cell death 1, PD-LI programmed

cell death-1 ligand 1, HR hazard ratio, CI confidence interval

2 CD8"/Foxp3™* ratio and Foxp3* TILs were not simultaneously included in the multivariate analysis because they are closely correlated and

seem to be confounded with each other

patients with PD-L17/miR-574-3p'®" and PD-L1*/miR-574-
3p'°" chordoma phenotype (> = 0.782, P = 0.376 by the
log-rank test). Multivariate Cox proportional hazards model
showed CD8*/Foxp3™ ratio was significantly associated with
the risk of death (Table 3). However, when Foxp3™ TILs
instead of CD8*/Foxp3* ratio was included in the analysis,
no parameters were found to be independently predictive of
OS (Table 3).

Discussion

In the current study, we assessed the profile of PD-L1 expres-
sion and recruited TILs as well as their clinicopathologic

implication in spinal chordoma. We also attempted to deter-
mine miRNAs potentially regulating the PD-L1 expression
in spinal chordoma using microarray and bioinformatical
analysis and its influence on patient outcome. We observed
an inverse correlation between PD-L1 and miR-574-3p, sug-
gesting its potential regulatory function in PD-L1 expres-
sion. Tumor PD-L1 expression was significantly associated
with TIL infiltration and advanced chordoma stage, while
miR-574-3p expression was related to higher tumor muscle
invasion, more severe tumor necrosis and increased CD8%/
Foxp3* ratio. Moreover, a patient subgroup with both nega-
tive PD-L1 and high miR-574-3p expression was found
to have improved survival and reduced recurrence. For
tumor microenvironment with respect to TILs, we found
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Fig. 3 Kaplan—Meier curves of the overall survival of spinal chor-
doma patients. a Stratified by miR-574-3p (P = 0.001 via log-rank

test); b stratified by CD8%/Foxp3™ ratio (P = 0.003); ¢ stratified by

that TILs were frequently present in chordoma tissues and
these immune cells distributed in a related manner. All
TIL subtypes studied as well as CD8"/Foxp3™* ratio were
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PD-L1* TILs density (P = 0.009); d stratified by PD-1* TILs density
(P = 0.005) and e stratified by Foxp3™* TILs density (P = 0.024)

significantly associated with LRFS or/and OS. Moreover,
high level of PD-1-positive lymphocyte infiltration was inde-
pendently associated with poor LRFS. Importantly, CD8*/
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Foxp3™ ratio was an independent predictor for OS. These
findings may be useful to stratify patients into prognostic
groups and provide a rationale for the use of checkpoint
blockade therapy possibly by targeting miR-574-3p in spi-
nal chordoma.

Recently, antibody blockade of the PD-1/PD-L1 axis has
shown promising efficacy against several advanced human
cancers [13]. Preliminary findings indicate that clinical
responses to immune checkpoint inhibitors are associated
with elevated PD-L1 expression on tumor cells [47, 48].
Therefore, assessing the profile of tumoral PD-L1 expression
is essential to select patients who are likely to benefit from
the immune checkpoint therapy. In this study, we found that
PD-L1 was expressed in most chordoma specimens (68.5%),
consistent with previous reports of PD-L1 immunopositivity
in most human solid tumor samples including chordoma [19,
20, 36, 37]. Currently, the precise molecular mechanisms
by which PD-L1 is upregulated in chordoma remain elu-
sive. Previous studies demonstrated that hypoxia-inducible
factor-1a was frequently expressed in chordoma tissues
[49-51]. It will be interesting to postulate that PD-L1 upreg-
ulation in chordoma may be induced by the hypoxia condi-
tions [52, 53]. In addition, it has been reported that upregu-
lation of PD-L1 can be induced in response to exogenous
inflammatory signals or driven by constitutive oncogenic
signaling pathways [54]. Our study showed no significant
association between PD-L1 and CD8* TILs, suggesting that
the tumor-intrinsic pathways might be predominant mecha-
nisms underlying PD-L1 overexpression in chordoma.

In this study, we used miRNA microarray and bioinfor-
matical analysis to identify upstream differentially expressed
miRNAs that may be involved in the regulation of PD-L1
expression in chordoma. We found that miR-574-3p was
significantly downregulated in chordoma tumor samples
as compared with corresponding nucleus pulposus tissues.
Furthermore, a significant negative correlation between
miR-574-3p and PD-L1 expression was observed, which
suggests a potential regulatory role of miR-574-3p in PD-L1
expression. Previous data indicated that miR-574-3p might
be a tumor suppressor in some human cancers [55-58] and
was also correlated with higher Gleason score as well as
advanced tumor stage in prostate cancer specimens [57]. Our
study offers the first evidence that the reduced miR-574-3p
expression is associated with poor clinicopathological fea-
tures and survival outcomes of spinal chordoma patients.
Furthermore, we also showed that chordoma harboring
positive PD-L1 expression correlated with advanced stages.
More importantly, the combined low miR-574-3p and high
PD-L1 expression levels separated patients with worse sur-
vival outcome from those with prolonged survival. Taken
together, these results indicate that the downregulating of
miR-574-3p expression in chordoma may exert its oncogenic
function by targeting the PD-1/PD-L1 pathway, thereby

promoting the proliferation and invasion of chordoma cells
due to the tumor immune escape. Targeting PD-L1, pos-
sibly by the administration of miR-574-3p mimics, might
be a potential therapeutic strategy in chordoma, similar to a
previous report [59].

Many biomarkers have been reported in association with
spinal chordoma prognosis [25]. However, due to the poten-
tial intertumoral and intratumoral heterogeneity, there are
still no reliable molecular markers to predict clinical out-
come and drug treatment response of chordoma. Previous
studies showed that analysis of the tumor immune micro-
environment might be less affected by tumor heterogeneity
[60]. Additionally, it has been suggested that pathological
immunity evaluation can provide more powerful information
on prognosis, which may add to the significance of tradi-
tional staging [26]. In the present study, we focused on the
spinal chordoma tumor microenvironment with respect to
CD8™" TILs and Foxp3* TILs. We found that the patient
subgroup with high intratumoral CD8*/Foxp3* TILs ratio
had both improved LRFS and OS. Consistent with our find-
ings, several studies made good prognostic claims for this
ratio in esophageal squamous cell cancer, aggressive breast
cancer and osteosarcoma [39, 60, 61]. Furthermore, in line
with our study, it has also been determined that the CD8*/
Foxp3™ TILs ratio was a more effective indicator than CD8*
or Foxp3* TILs alone in esophageal cancer prognosis [39].
These findings indicate that a reciprocal interaction exists
between CD8* TILs and Foxp3* TILs in human cancers
including chordoma [39, 62].

Interestingly, we also found that intratumoral infiltra-
tion of PD-1* TILs independently predicted poor survival
in spinal chordoma. This result is in agreement with pre-
vious studies showing negative prognostic implication for
tumor-infiltrating PD-1-positive lymphocytes in soft-tissue
sarcomas and clear cell renal cell carcinoma [63, 64]. Nev-
ertheless, our analyses failed to show significant association
between patient survival and infiltration of PD-L1-positive
T cells, which contradicts our previous report and recent
results from a meta-analysis [19, 65]. This inconsistency
may be attributed to different definition and methodology
used when assessing the PD-L17 TILs, as well as the dif-
ferent sets of prognostic factors included in the multivariate
analysis.

To confirm our findings, additional prospective studies
with large sample sizes are needed to validate our cur-
rent data. Our study is a correlation study that lacks target
gene function validation and cell-function experiments.
Further studies are needed to demonstrate the complete
miR-574-3p-mediated PD-L1 signaling networks in spinal
chordoma and determine how their expressions influence
the clinical outcome of patients. It should also be noted
that use of the minimum P value method may lead to over-
estimation of the true effects on survival. We used this
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approach to dichotomize continuous predictors because
it enables us to stratify patients and then make recom-
mendations for clinical management, and because of its
wide use in prognosis studies [66—68]. Besides, we did not
separately analyze TILs in different subareas in the tumor
microenvironment, such as cancer stroma, invasive margin
or cancer cell nests. Finally, some other kinds of immune
cells within the tumor microenvironment, such as CD3",
CD4%, CD57%, CD68" and CD66b* cells [69], may also
be evaluated to enable more accurate understanding of the
immune microenvironment parameters and their prognos-
tic role in spinal chordoma.

Conclusions

This study identified miR-574-3p as a potential regulator
of PD-L1 expression in chordoma. The expression of miR-
574-3p/PD-L1 axis was significantly associated with clin-
icopathologic and immune characteristics of spinal chor-
doma patients. CD8*/Foxp3™ ratio and the number of TIL
subsets showed significant prognostic effects on patients’
outcome. These findings may be useful to stratify patients
into prognostic groups and provide a rationale for the use
of checkpoint blockade therapy possibly by targeting miR-
574-3p in spinal chordoma. However, further studies are
still required to determine the complete miRNA-mediated
PD-L1 signaling networks, and to evaluate whether the
immune component of the tumor microenvironment could
be effective predictive markers in spinal chordoma.
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