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Abstract

In recent years, immunotherapies have emerged as effective therapeutic strategies for treating human cancers. However,
accumulating evidence has revealed an inconsistency between the response to immune checkpoint inhibitors and programmed
death ligand | (PD-LI) expression status detected by immunohistochemistry staining. Recent research has revealed that the
removal of N-Linked glycosylation significantly enhanced PD-LI detection, resulting in both more accurate PD-L| quantification
and clinical outcome prediction. In the present study, we evaluated natural and deglycosylated PD-L| expression in colon cancer
using the PD-L| 28-8 antibody. The results of the present study validated the hypothesis that PD-L| had a higher expression in
colon cancer tissues compared with normal tissues. Additionally, colon tumors with defective mismatch repair tended to express
higher PD-LI than those without. Most importantly, the results of the present study indicated that the removal of N-linked
glycosylation remarkably enhanced PD-L| detection. Moreover, the PD-LI signal intensity of samples with a low natural PD-L|
signal was enhanced more remarkably than that of samples with high signal intensity. Overall, our research provides an improved
strategy for patient stratification for anti-PD-1/PD-L1| therapy, which deepens the clinical significance of this established strategy
for treatment of colon cancer.
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Introduction

Anti-cancer immunotherapies are currently the most rapidly
growing cancer treatments, and have demonstrated encoura-
ging clinical outcomes in the field of oncology.' Immune
checkpoint inhibitors (ICIs) block the interaction between
immune checkpoints. One such ICI, programmed cell death 1
(PD-1), and its receptor programmed death ligand 1 (PD-L1)
inhibitors, have been confirmed to be instrumental in treating
cancer by curtailing immune escape mechanisms (Figure
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S1).2? Detection of PD-L1 expression by immunohistochem-
istry (IHC) staining is an important standard by which to guide
the utilization of PD-1/PD-L1 ICIs.** Of note, a growing num-
ber of studies have demonstrated an inconsistent correlation
between the response to ICIs and the expression status of
PD-L1 detected via IHC staining.® Accordingly, enhancement
of PD-L1 detection may improve patient stratification strate-
gies for anti-cancer immunotherapies.

N-linked glycosylation is a prevalent post-translational
modification of PD-L1, and PD-L1 that is heavily glycosy-
lated with N-linked glycan has been found in many types of
cancer, exhibiting various patterns on Western blot analyses,
whereas the non-glycosylated form of PD-L1 is typically
detected at ~ 33 kDa.” A recent study by Lee er al® discov-
ered that the removal of N-linked glycosylation could
increase the detection of PD-L1 (28-8 clone), more accurately
predicting the therapeutic efficacy of PD-1/PD-L1 inhibitors.
Their results suggested that the detection of deglycosylated
PD-L1 may be a diagnostic biomarker for anti-cancer immu-
notherapies. However, the efficacy of deglycosylated PD-L1
detection in colon cancer (CC) has not been evaluated in
detail.

In the present study, we evaluated the expression of
natural and deglycosylated PD-L1 in CC tissues, using the
PD-L1 28-8 monoclonal antibody (mAb). As a result, we
confirmed that PD-L1 had a much higher expression in CC
tissues compared with normal tissues. Additionally, CC with
defective mismatch repair (IMMR) tended to have a higher
PD-L1 expression than in pMMR tissues. Most importantly,
we found that the removal of N-linked glycosylation remark-
ably enhanced PD-L1 detection, and that the response to
deglycosylation was more sensitive in samples with a lower
natural PD-L1 signal intensity. Overall, our research further
fortifies the clinical significance of deglycosylated PD-L1
detection in CC.

Materials and Methods

PD-L1 antibody (28-8) and the IHC antigen retrieval and detec-
tion kit (ab236676) were obtained from Abcam (Cambridge,
UK). Recombinant PNGase F (P0708) was obtained from New
England Biolabs (Ipswich, MA, USA). The serial high-density
CC tissue microarray (TMA) section (HCol-Adel180Sur-06)
was obtained from Outdo Biotech (Shanghai, China), which
contained 104 CC tissues and 86 paired para-tumor specimens.
The TMA contained integrated clinicopathological information
and IHC staining for DNA mismatch repair (MMR) genes,
including MLH1, MSH2, MSH6, and PMS?2. Ethical approval
for the study of the TMA slide was granted by the Clinical
Research Ethics Committee of Outdo Biotech (Shanghai,
China).

Tissue deglycosylation and IHC staining were performed
directly on the TMA sections. TMA sections were incubated
at 40°C overnight and then at 60°C for 1 hour, deparaffinized
with xylene and ethanol, and hydrated in distilled water. Anti-
gen retrieval was performed using a heat-induced epitope

retrieval buffer obtained from Abcam (Cambridge, UK). As
opposed to the methodology described by Lee ef al,® we used
the thermal denaturation strategy to thoroughly remove the
N-linked glycan from PD-L1. Briefly, after washing twice with
phosphate-buffered saline (PBS), the TMA sections were
incubated with 1 x glycoprotein denaturing buffer at 95°C for
5 minutes, washed 3 times with PBS, treated with or without
5% recombinant PNGase F (P0708, New England Biolabs,
Ipswich, MA, USA) dissolved in glycosylated buffer (20% of
10x GlycoBuffer 2, 20% of 10% Nonidet P-40, and 60% H20,
New England Biolabs, Ipswich, MA, USA) at 37°C for 1 hr,
and then subjected to THC staining.” Antibody staining was
visualized with 3,3’-diaminobenzidine and hematoxylin coun-
terstain. Immunostained sections were scanned using Aperio
Digital Pathology Slide Scanners.

The results of the IHC were evaluated using an established
semi-quantitative approach to assess the percentage of positive
cells in total tumor cells (TPS) as well as the immunoreactivity
score (IRS), which equaled the TPS multiplied by staining inten-
sity. The TPS was scored on a scale of 0 to 4, as follows: < 1% =
0, 1%-25% = 1, 25%-50% = 2, 50%-75% = 3, and > 75% = 4.
The staining intensity was scored from 0 to 3, as follows:
negative = 0; weak = 1; moderate = 2; and strong = 3.

Statistical analyses and visualization were performed using
GraphPad Prism 8.0. All error bars denote the standard devia-
tion. The majority of the data between the 2 groups were ana-
lyzed by Student’s t-test or Mann-Whitney test. Pearson’s
correlation test was used to determine the linear correlation
between the 2 variables. The fold change (FC) value before
and after deglycosylation was calculated as IRS (after
deglycosylation)+0.1 divide IRS (before deglycosylation)-+0.1.
A log-rank test was performed to assess the difference between
the survival curves. A 2-tailed P-value < 0.05 was considered
statistically significant.

Results

Comparing PD-LI Expression in Colon Cancer Tissues
and Para-Tumor Tissues Using PD-LI 28-8 Antibody

Detection of PD-L1 expression status by IHC assay is the most
common method for using patient stratification to guide anti-
PD-1/PD-L1 therapy.'® In the present study, we compared
PD-L1 expression status in a variety of CC tissues, including
tumor-high, tumor-medium, tumor-low, and para-tumor sam-
ples. The representative images exhibited the characteristic
PD-L1 staining patterns located in the cytomembrane as well
as the cytoplasm (Figure 1A). The positive rate of PD-L1 (IRS
> 3) in CC tissues detected using 28-8 mAb was significantly
higher than that of para-tumor tissues (Figure 1B). We further
analyzed the IRS of PD-L1 using a 28-8 mAb, and found that
the IRS of CC tissues was significantly higher than that of para-
tumor tissues (Figure 1C). Overall, the expression of PD-L1
was significantly higher in CC tissues than in para-tumor
tissues.
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Figure 1. Expression of programmed death ligand 1 (PD-L1) in colon cancer and para-tumor tissues. A, Representative images show samples
stained with PD-L1 28-8 monoclonal antibody (mAb). Bar = 500 pm (40x), Bar = 100 um (200x). B, Bar chart represents expression levels of
PD-L1 expression stained by PD-L1 28-8 mAb in tumor and para-tumor tissues, where green is positively stained and blue is negatively stained.
P <0.001. C, Signal intensity of PD-L1 stained by PD-L1 28-8 mAbD in tumor and para-tumor tissues. P < 0.001. All data are performed by

GraphPad Prism 8.0.

Correlation Between PD-LI Expression and Different
Mismatch Repair Statuses

CC patients can be separated into 2 groups based on the
mutation patterns involved: defective DNA mismatch repair
(dMMR) involves tumors with a high mutation burden, and
proficient DNA mismatch repair (pMMR) involves tumors
with a much lower mutation burden. dMMR can be detected
through a lack of IHC staining in the nuclear proteins
MLHI1, MSH2, MSH6, and/or PMS2, while pMMR is pos-
itive for staining in those 4 proteins. A difference in MMR
status was found to be one of the most significant parameters
related to PD-L1 expression.'' Thus, we evaluated the nat-
ural PD-L1 expression in various samples with different
MMR statuses. The representative images showed that the
expression level of PD-L1 was remarkably higher in dMMR
CC tissues than in pMMR tissues (Figures 2A and B). Addi-
tionally, we further compared the IRS of PD-L1 between
dMMR and pMMR CC tissues, and found that there was a
statistical difference in PD-L1 expression between the tis-
sues (Figure 2C).

Deglycosylation Significantly Enhances PD-LI Detection
in Colon Cancer Tumor Tissues

A recent study by Lee er al® have demonstrated that antigen
retrieval by protein deglycosylation could enhance PD-L1 sig-
nal intensity. To determine whether the removal of N-linked
glycosylation could increase PD-L1 expression in CC tissues,
we evaluated both natural and deglycosylated PD-L1 signal
intensities using 28-8 mAb. The representative images show
that the removal of N-linked glycosylation remarkably
enhanced PD-L1 detection (Figure 3A). We also analyzed the
IRS of PD-L1 expression in natural and deglycosylated sam-
ples. The results of that analysis showed that the IRS of PD-L1
varied significantly between samples processed with and with-
out deglycosylation (Figures 3B and D). Among these cases,
the majority of the samples were categorized as having an
increase in IRS. Of note, half of the samples were detected to
have more than a 2-fold increase in IRS (Figure 3C). These
results revealed that the N-linked glycosylation of PD-L1 cri-
tically affects its recognition by the anti-PD-L1 antibody in the
clinical stratification of CC patients.
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Figure 2. Signal intensity of programmed death ligand 1 in colon cancer tissues with different mismatch repair status. CC patients can be
separated into 2 groups based on the mutation patterns involved: Defective DNA mismatch repair (IMMR) involves tumors with a high mutation
burden, and proficient DNA mismatch repair (p)MMR) involves tumors with a much lower mutation burden. dMMR can be detected through a
lack of IHC staining in the nuclear proteins MLH1, MSH2, MSH6, and/or PMS2, while pMMR is positive for staining in those 4 proteins.
Different mismatch repair (MMR) statuses were found to be related to PD-L1 expression. A, Representative images showing dMMR samples
stained with the corresponding antibody. Case 1 (line 1): Lack of MLH1; Case 2 (line 2): Lack of MSH2; Case 3 (line 3): Lack of MSH6; Case 4
(line 4): Lack of PMS2. Bar = 500 pm. B, Representative images represent the pMMR and dMMR CC samples stained with PD-L1 28-8
monoclonal antibody (mAb). Bar = 500 pm (40x), Bar = 100 um (200x). C, Signal intensity of PD-L1 stained by PD-L1 28-8 mAb in pMMR
and dAMMR CC samples. P = 0.0465. All data are performed by GraphPad Prism 8.0.

Correlation Between Response to Deglycosylation
and the Immunoreactivity Score in Colon Cancer
Tumor Tissues

In the present study, we discovered a thought-provoking phe-
nomenon. After removing glycosylation, the lower the
expression of PD-L1, the more significant the increase (Fig-
ures 4A and B). Therefore, we evaluated the associations
between the IRS of natural PD-L1 and the response to degly-
cosylation. Interestingly, the results of the present study
showed that the IRS of natural PD-L1 was negatively related
to the deglycosylation response (Figure 4B). Taken together,
these results suggest that deglycosylation may preferably
reduce false-negative PD-L1 statuses in samples with low
natural PD-L1 expression. This novel discovery may be
of clinical significance to advanced CC patients with low
PD-L1 signal intensity.

Discussion

Currently, the signal intensity of PD-L1 is most widely
assessed as a biomarker to predict the response to PD-1 or
PD-L1 inhibitors.*> However, the role of PD-L1 expression
as a predictive biomarker remains inconclusive.'*'* A recent
meta-analysis found that PD-L1 expression alone was not an
adequate biomarker for patient selection in anti-PD-1/PD-L1
therapy.'* However, another meta-analysis suggested that PD-
L1 expression was associated with the efficacy of PD-1/PD-L1
blockade therapy.'® Based on the controversial outcomes
of anti-PD-1/PD-L1 therapy, the modulatory mechanisms of
PD-L1 are being intensively studied. A growing number of
studies have revealed that multiple processes impact the
expression status of PD-L1, including gene transcription, geno-
mic alternations, post-transcriptional and post-translational
modifications, and exosomal transport.'® Additionally, several
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Figure 3. Signal intensity of PD-L1 in colon cancer tissues after sample deglycosylation. A, Representative images show the samples stained
with programmed death ligand 1 (PD-L1) 28-8 monoclonal antibody (mAb), with or without deglycosylation. Bar = 500 um (40x), Bar = 100
um (200x). B, Signal intensity of PD-L1 stained by PD-L1 28-8 mAb, before and after deglycosylation. C, Doughnut chart represents the fold
change (FC) of PD-L1 immunoreactivity score (IRS) after deglycosylation. Black: IRS repressed after tissue deglycosylation; Green: IRS
increased < 2 fold after tissue deglycosylation; Blue: IRS had no change after tissue deglycosylation; Red: IRS increased > 2 fold after tissue
deglycosylation. D, Bar chart represents the signal intensity of PD-L1 stained with 28-8 mAb, before and after deglycosylation. Blue: Samples
without deglycosylation; Green: Samples with deglycosylation. P < 0.001. All data are performed by GraphPad Prism 8.0.

regulatory factors are involved in the regulation of PD-L1
expression, including IFN-y, IL-10, and miR-34a."” Overall,
a comprehensive understanding of the regulatory mechanisms
of PD-L1 is beneficial for the advanced strategy of PD-L1
detection, and further research is needed to identify the specific
mechanisms behind PD-L1 expression.

Recent studies focusing on the various forms of PD-L1 have
demonstrated that PD-L1 molecules are located on chromo-
some 9p24.1, and are broadly distributed in- and outside of
cells.'® Based on the its distribution, PD-L1 can be classified
into 5 types: membrane PD-L1, cytoplasmic PD-L1, nuclear
PD-L1, soluble PD-L1, and exosomal PD-L1.'® Membrane
PD-L1, located on the cell membrane, has an integrated struc-
ture, and suppresses anti-tumor immune responses by binding
to its receptor, PD-1.'" Cytoplasmic PD-LI, located in the
cytoplasm, is capable of stimulating cancer properties and pro-
tecting cancer cells from death by enhancing the mammalian

target of rapamycin complex 1 signal pathway and inhibiting
autophagy.” Accordingly, researchers have suggested that the
knockdown of cytoplasmic PD-L1 with specific RNAs may be
a promising immunotherapy for patients with advanced
cancer.’’ Nuclear PD-L1 is related to a shorter survival.?'
Soluble PD-L1, which is mainly detected in sera or superna-
tants, is significantly correlated with PD-L1 expression in
mice.'® However, the mechanism of formation for soluble
PD-L1 remains unknown. Current research has revealed
3 possible mechanisms: derivation from membrane PD-L1 via
proteolytic enzymes, endogenous translated protein, or splice
variant for secretion.'® Moreover, studies have revealed that
the expression of soluble PD-L1 is significantly upregulated
in the sera of older individuals, suggesting an association
between the expression of soluble PD-L1 and immune status.**
Of note, exosomal PD-L1 has been reported to inhibit anti-
tumor immune responses.”? Moreover, a recent study revealed
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Figure 4. Correlation between response to deglycosylation and immunoreactivity score in colon cancer tumor tissues. A, Bar chart represents
signal intensity of programmed death ligand 1 (PD-L1) stained by 28-8 monoclonal antibody (mAb) in samples with high and low response to
deglycosylation. Blue: Samples showed low response to deglycosylation; Green: Samples showed high response to deglycosylation. P < 0.001.
B, Correlation between signal intensity of PD-L1 stained by 28-8 mAb and fold change (FC), before and after sample deglycosylation. R =

-0.674, P <0.001. All data are performed by GraphPad Prism 8.0.

that exosomal PD-L1 can predict the potential clinical response
to PD-L1 inhibitors early after the initiation of these agents in
patients with melanoma.>* Based on the evidence that different
distributions of PD-L1 exhibit different functions, a further
understanding of these functions would advance PD-L1 based
immunotherapy.

The prognostic value of PD-L1 expression in CC is highly
debated. A meta-analysis by Li et al** demonstrated that PD-
L1 expression was positively correlated with poor overall sur-
vival in CC. Moreover, the same study by Li et al** revealed
that PD-L1 expression was significantly associated with unfa-
vorable clinical prognosis, independent of age, sex, tumor size,
tumor stage, and tumor, node, metastasis stage. However, other
studies have demonstrated that stromal, rather than epithelial
PD-L1 immunostaining, was negatively related to aggressive
cancer properties in CC.?> In the present study, we did not
observe a statistical significance in the correlation between
patient survival time and PD-L1 expression level in CC
patients (Figures S2 and S3). Therefore, comprehensive
research with larger clinical samples would be required to vali-
date this in the future.

Although the expression level of PD-L1 has been used to
stratify patients who would benefit from ICI therapy, accumu-
lating evidence has revealed an inconsistency between PD-L1
signal intensity and the response to anti-PD-L1/PD-1 therapy.°
Recent studies have demonstrated that heavy glycosylation of
PD-L1 blocks its recognition by PD-L1 antibodies, which
could result in an imprecise readout from IHC staining.® On
the basis of the current research, N-linked glycosylation of PD-
L1 blocks its recognition by PD-L1 antibodies in colon cancer.
PD-L1 is heavily glycosylated with N-linked glycan and the
glycan moiety is crucial for its immunosuppressive mechan-
ism.”?® Currently, antibodies are usually generated in the light
of synthetic peptide antigens or recombinant protein antigens
detected in E. coli or other host organisms. However, post-

translational modifications of the antigens are not recognized
by the antibodies in order to include those that correspond to
the native antigens, thus posing a challenge to recognition of
protein glycosylation in higher organisms.”’’ Based on the
results of the present study, we propose the use of an improved
bioassay of PD-L1 detection in CC patients, which removes the
glycan moiety of PD-L1 to increase PD-L1 recognition (Figure
S4). The results of our study suggest that the deglycosylation of
PD-L1 may create a more accurate biomarker with which to
predict the clinical responses of PD-L1/PD-1 blockade inhibi-
tors. Moreover, the response to deglycosylation was more sen-
sitive in samples with a lower natural PD-L1 expression, which
translates to a reduction in false-negative readouts in clinical
practice. Despite the distinct advantages of ICI therapy, this
ambitious approach is still limited in the clinical setting due to
patient stratification. Therefore, our research presented an opti-
mized method for the detection of PD-L1 by IHC staining for
use in the stratification of CC patients to guide anti-PD-1/PD-
L1 therapy.

Conclusions

In conclusion, the results of the present study showed that PD-
L1 was more highly expressed in CC tissues when compared
with normal tissues, especially in tissue samples with dAMMR.
The most important finding of our study was that the removal
of N-linked glycosylation remarkably enhanced PD-L1 detec-
tion. Moreover, the PD-L1 signal intensity of samples with a
lower natural PD-L1 signal was more remarkably enhanced
than that of samples with a higher signal intensity. Overall, our
research provides an improved strategy for the stratification of
patients with CC for anti-PD-1/PD-L1 therapy, specifically by
reducing the number of false-negative readouts detected by
current methods.
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