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6th Aug 20201st Editorial Decision

Dear Prof. Gao,

Thank you for t ransferring your manuscript  to EMBO reports. I now went through your manuscript ,
the referee reports from The EMBO Journal (at tached again below) and your revision plan. All
referees acknowledge that the findings are of interest . Nevertheless, they have raised a number of
concerns and suggest ions to improve the manuscript , or to strengthen the data and the
conclusions drawn, we feel all need to be addressed during a major revision (as also suggested by
your revision plan). Important ly, as indicated by referee #3, the therapeut ic consequences of the
findings of the current manuscript  have to be highlighted more strongly.

Given the construct ive referee comments, we would like to invite you to revise your manuscript  with
the understanding that all referee concerns must be addressed in the revised manuscript  and/or in
a detailed point-by-point  response. Acceptance of your manuscript  will depend on a posit ive
outcome of a second round of review. It  is EMBO reports policy to allow a single round of revision
only and acceptance of the manuscript  will therefore depend on the completeness of your
responses included in the next, final version of the manuscript . 

Revised manuscripts should be submit ted within three months of a request for revision. We are
aware that many laboratories cannot funct ion at  full efficiency during the current COVID-19/SARS-
CoV-2 pandemic and we have therefore extended our 'scooping protect ion policy' to cover the
period required for full revision. Please contact  me to discuss the revision should you need
addit ional t ime, and also if you see a paper with related content published elsewhere.

When submit t ing your revised manuscript , please also carefully review the instruct ions that follow
below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an init ial quality
control prior to exposit ion to re-review. Upon failure in the init ial quality control, the manuscripts are
sent back to the authors, which may lead to delays. Frequent reasons for such a failure are the lack
of the data availability sect ion (please see below) and the presence of stat ist ics based on n=2 (the
authors are then asked to present scatter plots or provide more data points).

When submit t ing your revised manuscript , we will require: 

1) a .docx formatted version of the final manuscript  text  (including legends for main figures, EV
figures and tables), but  without the figures included. Please make sure that changes are highlighted
to be clearly visible. Figure legends should be compiled at  the end of the manuscript  text .

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure), of main figures and EV
figures. Please upload these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible
format, has replaced the Supplementary informat ion. You can submit  up to 5 images as Expanded
View. Please follow the nomenclature Figure EV1, Figure EV2 etc. The figure legend for these
should be included in the main manuscript  document file in a sect ion called Expanded View Figure
Legends after the main Figure Legends sect ion. Addit ional Supplementary material should be
supplied as a single pdf file labeled Appendix. The Appendix should have page numbers and needs
to include a table of content on the first  page (with page numbers) and legends for all content.



Please follow the nomenclature Appendix Figure Sx, Appendix Table Sx etc. throughout the text ,
and also label the figures and tables according to this nomenclature. 

For more details please refer to our guide to authors: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparat ion

See also our guide for figure preparat ion: 
ht tp://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

3) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

4) a complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/14693178/authorguide). Please insert  page numbers in
the checklist  to indicate where the requested informat ion can be found in the manuscript . The
completed author checklist  will also be part  of the RPF.

Please also follow our guidelines for the use of living organisms, and the respect ive report ing
guidelines: ht tp://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

5) that  primary datasets produced in this study (e.g. RNA-seq, ChIP-seq and array data) are
deposited in an appropriate public database. This is now mandatory (like the COI statement). If no
primary datasets have been deposited in any database, please state this in this sect ion (e.g. 'No
primary datasets have been generated and deposited').

See also: ht tp://embor.embopress.org/authorguide#datadeposit ion 

Please remember to provide a reviewer password if the datasets are not yet  public.

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Methods) that follows the model below. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, I have these editorial requests:

6) We strongly encourage the publicat ion of original source data with the aim of making primary



data more accessible and transparent to the reader. The source data will be published in a
separate source data file online along with the accepted manuscript  and will be linked to the
relevant figure. If you would like to use this opportunity, please submit  the source data (for example
scans of ent ire gels or blots, data points of graphs in an excel sheet, addit ional images, etc.) of your
key experiments together with the revised manuscript . If you want to provide source data, please
include size markers for scans of ent ire gels, label the scans with figure and panel number, and send
one PDF file per figure. 

7) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at :
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quant ificat ion and stat ist ics, can you please specify, where applicable, the
number "n" for how many independent experiments (biological replicates) were performed, the bars
and error bars (e.g. SEM, SD) and the test  used to calculate p-values in the respect ive figure
legends. Please provide stat ist ical test ing where applicable, and also add a paragraph detailing this
to the methods sect ion. See: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#stat ist icalanalysis

9) Please add up to 5 key words to the t it le page.

10) Please note our new reference format:
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

11) Please add a conflict  of interest  statement and a paragraph detailing the author contribut ions
to the manuscript . Please order the manuscript  sect ions like this:
Tit le page - Abstract  - Introduct ion - Results - Discussion - Materials and Methods - DAS -
Acknowledgements - Author contribut ions - Conflict  of interest  - References - Figure legends -
Expanded View Figure legends.

12) Please have your revised manuscript  carefully proofread by a nat ive speaker.

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Kind regards,

Achim

-----------------
Achim Breiling
Editor
EMBO Reports
-----------------



Referee #1:

In this manuscript , Liu et  al. demonstrated that camrelizumab binds with PD-1 in a glycosylat ion-
dependent manner, via analyzing the crystal structure of PD-1/ camrelizumab complex. The study
provides structural insights into the detailed binding characterist ics of camrelizumab and highlights
the importance of glycosylat ion, especially N58, for camrelizumab funct ion. They further showed
that camrelizumab mainly ut ilizes the heavy chain to bind to PD-1 while the light  chain of provides
major steric hindrance for the compet it ive binding of PD-L1 to PD-1. Compet it ive ant ibody binding
that blocks PD-L1 binding mainly involved the FG loop of PD-1. 

Although authors reveal a glycosylat ion-dependent binding mode which is different from other
approved PD-1 ant ibodies, including nivolumab or pembrolizumab. Most cell surface proteins are
glycosylated and PD-1 glycosylat ion has been previously demonstrated. Glycan-dependent PD-1
folding and protein stability is expected as glycosylat ion is a general feature of protein quality
control in the ER/Golgi pathway. Another PD-1 ant ibody with PD-1 N58 glycan-dependent binding
has recent ly been funct ionally characterized (Sun et  al., 2020). The structure of two other PD-1
ant ibodies (pembrolizumab and nivolumab) in complex with PD-1 has been solved (Horita et  al.,
2016; Tan et  al., 2017). Therefore, it  dampens novelty and conceptual advance of this manuscript .
There are several major concerns listed below that need be to fully addressed to enhance scient ific
merits of the manuscript : 

1. Based on the result  showing the differences of camrelizumab in binding to PD-1 expressed in
293T cells, insect cells or E. coli (Fig.1), the authors concluded that the binding of camrelizumab with
PD-1 was affected by glycosylat ion modificat ion. More sufficient  and direct  evidence should be
provided to support  the conclusion. To better validate it , the authors could use PNGase to remove
the glycans on PD-1 and then evaluate the binding affinity of camrelizumab with PD-1 expressed in
293T cells. 
2. Authors relied on PD-1 expressed in 293T cells, while PD-1 is mainly expressed by T cells, where
the protein may exhibit  a different glycosylat ion profile. Primary T cells or a T cell line would be more
appropriate for such study. 
3. In Fig.2 and 3, the authors analyzed the overall structural binding characterist ics of camrelizumab
to PD-1 with other approved PD-1 ant ibodies, and showed that N-glycans on PD-1, especially N58,
is contacted by camrelizumab. It  will be of great interest  if the authors would reveal the funct ional
significance or effect  of this glycosylat ion dependent binding mode, by comparing its binding affinity
or efficacy with nivo or pembro, via addit ional in vit ro or in vivo assays. 
4. In Fig.4 and 5, the authors showed that N58 glycosylat ion is involved in camrelizuma binding, and
is required for its funct ion in blocking PD-1/PD-L1 interact ion. The effect  of N58 mutat ion on its cell
surface expression should be taken into considerat ion. In addit ion, since the authors ment ioned
that all of the four glycosylated sites, including N58, are away from the binding surface with PD-L1,
they should discuss the possibilit ies why and how binding with N58 glycosylat ion is crucial for
camrelizumab to block PD-1/PD-L1 interact ion. 
5. In the discussion, the authors ment ioned the concerns that camrelizumab might bind with
conserved N-glycans presented on the other membrane proteins that share certain amino acid
ident it ies with PD-1. It  will be better if the authors could use PD-1 knockout T cells or cancer cells to
evaluate the binding specificity of camrelizumab. 
6. PD-1 glycosylat ion has been shown in previous publicat ions (Sun et  al., 2020; Tan et  al., 2017). A
similar glycan-dependent PD-1 ant ibody has been funct ionally characterized (Sun et  al., 2020).
Glycan-dependent PD-1 folding and protein stability is expected as it  is a general feature of protein
quality control in the ER/Golgi compartments. Camrelizumab blocking efficiency of PD-L1 binding to



both WT and N58 mutant seems to be low, and difference between WT and N58A was only
obvious when very high conc of the ant ibody was used (>100 ug/ml, Fig. 5). A comparison with other
PD-1 ant ibodies for efficacy is needed, at  least  with pembro and nivo in vit ro. Another glycan-
dependent PD-1 ant ibody seems to perform better than these two in terms of potency (Sun et  al.,
2020). 

Minor concerns: 
1. There are some grammatical issues to be corrected. For example, in page 13, "Glycosylat ion
dependent binding of camrelizumab may have profound influences to both PD-1/PD-L1 blocking
efficiency and binding specificity", the word "to" should be replaced as "on"; in p5 para5, line 5 and 6
there are invalid references 17 and 18. It  would be helpful to have a professional proofreading. 
2. On page 12, the informat ion of reference "15" was missing. 
3. Standard nomenclature should be used to prevent confusion. For example. "N-acetylglucosamine
(GlucNAc)" should be used in place of "N'acetylglucosamines (NAG)" (p8, line 2 from bottom). 

References 
Horita, S., Nomura, Y., Sato, Y., Shimamura, T., Iwata, S., and Nomura, N. (2016). High-resolut ion
crystal structure of the therapeut ic ant ibody pembrolizumab bound to the human PD-1. Sci. Rep. 6,
35297. 
Sun, L., LI, C.-W., Chung, E.M., Yang, R., Kim, Y.-S., Park, A.H., Lai, Y.-J., Yang, Y., Wang, Y.-H., Liu, J., et
al. (2020). Target ing glycosylated PD-1 induces potent ant i-tumor immunity. Cancer Res.
canres.3133.2019. 
Tan, S., Zhang, H., Chai, Y., Song, H., Tong, Z., Wang, Q., Qi, J., Wong, G., Zhu, X., Liu, W.J., et  al.
(2017). An unexpected N-terminal loop in PD-1 dominates binding by nivolumab. Nat. Commun. 8,
14369.

-----------------------
Referee #2:

The paper by Liu et  al describes the interact ion between the ant i-PD1 ant ibody camrelizumab with
PD-1, with a special emphasis of the binding dependent to N-glycosilat ion. This is an interest ing
study, in which the authors provide an example of a an ant i-PD1 ant ibody that binds an ant igenic
site that is glycosilat ion-dependent. This in itself is not new, but this is the first  ant i-PD1 ant ibody
that binds in such a way, and exhibits therapeut ic act ivit ies. The authors also show that
camrelizumab primarily binds PD-1 through the Vh region, and the Vl region probably provides
sterical hindrance to PD-1 binding to PD-L1. Nevertheless, this is concluded mainly by comparison
with the crystal structure of PD-L1/PD-1 complex. 
The conclusions are supported by the data. 

Minor concerns. 

1. The authors say that "PD-1 is a highly glycosylated receptor expressed not only on T cells but
also tumor cells. " 
The expression of PD-1 in tumor cells is highly controversial. This reviewer has never detected it  in
cancer cells, when appropriate controls are used, and we have EXTENSIVELY tried to do so in
human and mouse cancer cells. Indeed, PD-1 staining in tumor biopsies is restricted to T and B cells.
Similarly, radioact ively labelled PD-1 ant ibodies for in vivo visualizat ion by PET does not significant ly
stain tumor t issue. Therefore, I suggest the authors to remove this, as it  does not alter the paper. It
is OK to ment ion it  in the paper, but clarifying to the reader that not all researchers have observed
this expression. Definitely, I would not state this in the abstract  as the authors do. 



2. There are some minor spelling mistakes throughout the manuscript  (eucaryote instead of
eukaryote, for example) 
In the text  there is no reference to Figure 1D, where it  corresponds (page 6). 

Major concerns. 
This Reviewer would have liked the authors to show binding studies on other "convent ional" ant i-
PD1 ant ibodies such as pembro or nivo to their N58-glycosilat ion-defect ive PD-1. I understand this
will be dependent on whether the authors can get hold of these ant ibodies for these experiments.
But I would strongly advise to do so, because otherwise the paper lacks some "in vit ro act ivity" of
the importance of N58 glycosilat ion on the efficacy of blockade over human T cells. I understand
that these experiments could be quite complicated (for example, by CRISP-Cas9 eliminat ion of
endogenous PD-1 and re-expression of a N58 PD-1 mutant in Jurkat T cells). 
If the authors can comply with the binding studies of convent ional ant ibodies for just  comparison, I
would be happy to accept the paper.

-----------------------
Referee #3:

Liu et  al. report  the crystal structure of PD-1 bound to a scFv version of camrelizumab and ident ified
and characterized the role of the N-linked glycan on Asn58 in the high affinity binding interact ion.
Asn58 is the posit ion of a SNP (rs1222512746: N58D) and as such, the involvement of the N-linked
glycan is the binding to a therapeut ic ant ibody is therefor of great interest . PD-1 is unregulated on
ant igen experienced T cells and one of the main targets of immune checkpoint  blockade.
Therapeut ic ant ibodies that fail to block tumor expressed PD-L1 binding to PD-1 would not lead to
tumor efficacy and the authors address the role of this glycan in the binding event. 

The figures are clear and the manuscript  is generally well -writ ten and easy to follow. The
manuscript  builds up to a point  where the authors finally suggest that  camrelizumab binds the the
N-linked glycan by itself and that could be the reason of its cross-react ivity with other receptors.
This is an important point  but the authors also need to better highlight  the prevalence of this SNP.
How commonly is it  observed? How large could the pat ient  populat ion be in which the ant ibody fails
to bind PD-1 with high affinity. The therapeut ic consequences of the findings oof the current
manuscript  have to be highlighted more strongly. 

Comments: 

Are the SPR experiments done with IgG and only the crystallography with a refolded scFv dimer?
Was there no monomeric scFv observed that could have been purified and used? A dimerize scFv is
more a "wrongly associated" form of a single chain momoneric scFV and this should be discussed
briefly. Even though it  likely retains all of the structural features and binding propert ies. 

Page 9 end of 1st  paragraph. I would not say "binding dependency of PD-1 glycosylat ion..." but
rather that  N58 contributes to the high binding affinity of camrelizumab. 

Page 9 last  paragraph and Figure 4F. Since N-glycan binding cannot be measured reliably, one
could argue that this experiment could be deleted form the manuscript . Here the authors need to
make the point  maybe in one sentences that this is important because it  could form the basis of
the non-specific binding that has described in the literature. The reader has to wait  unt il the end to
realize that this is an important experiment. 



Page 10 first  paragraph: While this reviewer appreciates that the glycan at  N58 is involved in the
binding affinity, the result  of the staining experiments with wiltdytp or N58A -PD1 are surprising.
The affinity of camrelizumab to N58A-PD1 is st ill much higher than that of PD-L1 and it  is surprising
that at  a dose of 3.6mg/ml the ant ibody is unable to block PD-L1 binding. One reason could be that
at  that  high concentrat ion the IgG can only bind with one arm to PD-1 and loses its avidity effect
and now the apparent faster off rate from PD1- N58 can be appreciated as PD-L1 can bind to free
PD-1. Init ially the blocking ability is similar for both wild type and N58A PD-1. 
A better experiment would be to block with the Fab version of camrelizumab and use a different
glycosylat ion deficient  PD-1 as a negat ive control. Are the PD-1 cell surface expression levels
similar? 

Figure 5 is the most important experiment to support  a role of this glycan in the efficacy of
camrelizumab. At a dose of 28ug/ml however, no differences can be seen between wild type PD-1
and N58A PD-1. Is N58A the right  mutat ion or is the alanine introducing hydrophobicity, which could
result  in a faster off-rate? How would N58S or N58Q behave? 

The final sentence "Taken together, these results indicate that the blocking efficiency of
camrelizumab to the interact ion of N58 glycosylat ion deficient  PD-1 and PD-L1 would be
substant ially at tenuated. " is not correct  unless a therapeut ic camrelizumab dose is used.



Referee #1: 

In this manuscript, Liu et al. demonstrated that camrelizumab binds with PD-1 in a 

glycosylation-dependent manner, via analyzing the crystal structure of 

PD-1/camrelizumab complex. The study provides structural insights into the detailed 

binding characteristics of camrelizumab and highlights the importance of 

glycosylation, especially N58, for camrelizumab function. They further showed that 

camrelizumab mainly utilizes the heavy chain to bind to PD-1 while the light chain of 

provides major steric hindrance for the competitive binding of PD-L1 to PD-1. 

Competitive antibody binding that blocks PD-L1 binding mainly involved the FG 

loop of PD-1. 

Although authors reveal a glycosylation-dependent binding mode which is different 

from other approved PD-1 antibodies, including nivolumab or pembrolizumab. Most 

cell surface proteins are glycosylated and PD-1 glycosylation has been previously 

demonstrated. Glycan-dependent PD-1 folding and protein stability is expected as 

glycosylation is a general feature of protein quality control in the ER/Golgi pathway. 

Another PD-1 antibody with PD-1 N58 glycan-dependent binding has recently been 

functionally characterized (Sun et al., 2020). The structure of two other PD-1 

antibodies (pembrolizumab and nivolumab) in complex with PD-1 has been solved 

(Horita et al., 2016; Tan et al., 2017). Therefore, it dampens novelty and conceptual 

advance of this manuscript. There are several major concerns listed below that need 

be to fully addressed to enhance scientific merits of the manuscript: 

Reply: 

As the reviewer has commented above, PD-1 antibody with PD-1 N58 

glycan-dependent binding has recently been functionally characterized (Sun et 

al., 2020). The structure of two other clinically approved PD-1 antibodies, 

pembrolizumab and nivolumab, in complex with PD-1 has been solved by our 

group and the others (Horita et al., 2016; Tan et al., 2017). This is the first report 

providing the structural evidence about a clinically approved anti-PD-1 antibody 

22nd Aug 20201st Authors' Response to Reviewers



directly targets PD-1 N58 glycan. Moreover, Finlay et al. have reported that 

camrelizumab showed low-affinity binding to other human receptors, such as 

vascular endothelial growth factor receptor 2 (VEGFR2), frizzled class receptor 

5 and UL16 binding protein 2 (ULBP2). The most common side effects reported 

in clinical trials with camrelizymab included cutaneous reactive capillary 

endothelial proliferation, which may be correlated with these low affinity 

off-target bindings. The results presented in this study has provided a clue that 

the glycosylation binding dependency of camrelizumab may be responsible for 

these off-target interactions. 

 

1. Based on the result showing the differences of camrelizumab in binding to PD-1 

expressed in 293T cells, insect cells or E. coli (Fig.1), the authors concluded that the 

binding of camrelizumab with PD-1 was affected by glycosylation modification. 

More sufficient and direct evidence should be provided to support the conclusion. To 

better validate it, the authors could use PNGase to remove the glycans on PD-1 and 

then evaluate the binding affinity of camrelizumab with PD-1 expressed in 293T cells. 

Reply:  

We agreed with reviewer’s suggestion and the binding between 

camrelizumab and PD-1 proteins expressed from 293T cells treated with PNGase 

was tested by SPR assay during this revision. The binding of camrelizumab to 

PNGase F treated PD-1 proteins was investigated, with PD-1 proteins without 

PNGase F treatment tested in parallel as a control. SDS-PAGE analysis revealed 

that the molecular weight of PD-1 protein was substantially reduced from ~35 

kDa to ~20 kDa after treatment with PNGase F (revised Supplementary Fig. 5). 

The SPR analysis revealed that the binding affinity of camrelizumab to PD-1 

proteins treated with PNGase has reduced to 105 nM, compared with the KD of 

4.74 nM with PD-1 proteins without PNGase F treatment (revised Fig. 5G). We 

believe that both the structural evidence and N58A mutational analysis would 

also support the conclusions.  

 



2. Authors relied on PD-1 expressed in 293T cells, while PD-1 is mainly expressed by 

T cells, where the protein may exhibit a different glycosylation profile. Primary T 

cells or a T cell line would be more appropriate for such study. 

Reply: 

   We agreed that primary T cells or a T cell line would provide more valuable 

information for this study. However, precise control of the glycosylation in 

primary T cells or T cell line would be difficult for such analysis. Therefore, we 

mainly focused on the study of PD-1 glycosylation and its influences to 

camrelizumab interaction in the protein level or in 293T cells. Wild type or N58A 

mutated PD-1 expressed on 293T cell were tested for the blocking efficiency of 

camrelizumab to the interaction of PD-1 and PD-L1 with a new detection system, 

which is distinct from described in the previous manuscript version. The results 

revealed a substantially reduced blocking efficiency with N58 glycosylation site 

mutated PD-1, which is consistent with the protein level findings. The study of 

the influences of PD-1 glycosylation to camrelizumab interaction in primary T 

cell would provide more valuable information and should be carried out in the 

future. We also added this point in the discussion section as “As is observed in 

the present study, the PD-1/PD-L1 blocking efficiency of camrelizumab is 

substantially attenuated with N58A mutation, indicating the loss of T cell 

reactivation potency with camrelizumab. However, the functional influences of 

PD-1 glycosylation to camrelizumab administration in primary T cells still need 

further investigations.” 

 

3. In Fig.2 and 3, the authors analyzed the overall structural binding characteristics of 

camrelizumab to PD-1 with other approved PD-1 antibodies, and showed that 

N-glycans on PD-1, especially N58, is contacted by camrelizumab. It will be of great 

interest if the authors would reveal the functional significance or effect of this 

glycosylation dependent binding mode, by comparing its binding affinity or efficacy 

with nivo or pembro, via additional in vitro or in vivo assays. 

Reply: 



This is a good suggestion and we therefore carried out experiments to test 

the binding affinities of PD-1 and N58A with nivolumab or pembrolizumab by 

using SPR analysis. We found that the binding affinity (KD) between wild type 

and N58A mutated PD-1 showed no substantial differences with nivolumab or 

pembrolizumab. These results were added as revised Figure 4H and I, and also 

described in the Result section. The previously reported complex structures of 

nivolumab or pembrolizumab with PD-1 also suggest that N58 is away from the 

binding area of these two mAbs. This indicates that N58-glycan didn’t play a role 

in nivolumab or pembrolizumab binding to PD-1, and therefore N58A would not 

affect the blocking efficacy of these two mAbs.  

 

4. In Fig.4 and 5, the authors showed that N58 glycosylation is involved in 

camrelizuma binding, and is required for its function in blocking PD-1/PD-L1 

interaction. The effect of N58 mutation on its cell surface expression should be taken 

into consideration. In addition, since the authors mentioned that all of the four 

glycosylated sites, including N58, are away from the binding surface with PD-L1, 

they should discuss the possibilities why and how binding with N58 glycosylation is 

crucial for camrelizumab to block PD-1/PD-L1 interaction. 

Reply: We agree with this suggestion and have added in the discussion section 

with this concern as “The binding affinity of camrelizumab to N58A mutated 

PD-1 has substantially reduced to 113 nM, which is ~24-fold lower than that to 

WT PD-1. The blocking efficiency of camrelizumab is not only dependent on the 

overlapping binding area of camrelizumab and PD-L1 on PD-1, but also the 

overwhelming binding affinity of camrelizumab to PD-1 than that of PD-L1. 

Therefore, the substantially reduced binding affinity of camrelizumab with N58A 

mutated PD-1 would result in attenuated blocking efficiency to PD-1/PD-L1 

interaction, which is about 0.77–8.2 μM (Tan et al, 2016a).” 

 

5. In the discussion, the authors mentioned the concerns that camrelizumab might 

bind with conserved N-glycans presented on the other membrane proteins that share 



certain amino acid identities with PD-1. It will be better if the authors could use PD-1 

knockout T cells or cancer cells to evaluate the binding specificity of camrelizumab. 

Reply: 

  We have mentioned in the discussion that Finlay et al. have reported that 

camrelizumab showed low-affinity binding to other human receptors such as 

vascular endothelial growth factor receptor 2 (VEGFR2), frizzled class receptor 

5 and UL16 binding protein 2 (ULBP2). The side effects reported in clinical 

trials with camrelizymab may be correlated with these low affinity off-target 

bindings. We agree that a full screening of the non-specific binding of 

camrelizumab is important for our understanding of the binding specificity of 

this mAb, but this may need extensive researches in the future. Besides, the 

previous findings and the data presented in the present study have provided 

useful information for our understanding of its non-specific binding. 

 

6. PD-1 glycosylation has been shown in previous publications (Sun et al., 2020; Tan 

et al., 2017). A similar glycan-dependent PD-1 antibody has been functionally 

characterized (Sun et al., 2020). Glycan-dependent PD-1 folding and protein stability 

is expected as it is a general feature of protein quality control in the ER/Golgi 

compartments. Camrelizumab blocking efficiency of PD-L1 binding to both WT and 

N58 mutant seems to be low, and difference between WT and N58A was only obvious 

when very high conc of the antibody was used (>100 ug/ml, Fig. 5). A comparison 

with other PD-1 antibodies for efficacy is needed, at least with pembro and nivo in 

vitro. Another glycan-dependent PD-1 antibody seems to perform better than these 

two in terms of potency (Sun et al., 2020). 

Reply: 

It’s really a good suggestion and we have changed to a distinct detection 

system to evaluate the blocking efficacy of the mAb to N58A mutation. In the 

previous study, we transfected full-length WT or N58A PD-1 genes with eGFP to 

293 T cells and stained by PD-L1-mFc protein. It is hard to control the 

transfection efficiency to get a similar expression level based on GFP signal. In 



the revised version, we have changed the detection system to stain the PD-L1 

expressed on 293T cells with PD-1-mFc or N58A mutated PD-1-mFc proteins by 

FACS analysis. This enables that the ratio of camrelizumab and PD-1 proteins in 

the detection system could be accurate. The blocking efficiency of camrelizumab 

is determined with co-incubation of a serial of dilutions of camrelizumab and 

certain concentrations of WT or N58A mutated PD-1-mFc proteins, and the 

mixture of mAb and PD-1-mFc proteins were then used for staining of PD-L1 

expressing 293T cells. The binding of PD-1-mFc to PD-L1 expressing 293T cells 

was completely abolished in the presence of 5 μg/mL of camrelizumab. On the 

other hand, the blocking of camrelizumab to the binding of N58A mutated PD-1 

with PD-L1 is substantially attenuated that N58A mutated PD-1-mFc staining 

positive cells remained 34% even at a high concentration of 30 μg/mL, compared 

to 49% positivity with no camrelizumab. We also test the binding affinity of PD-1 

and N58A with nivolumab or pembrolizumab and found that no substantial 

difference between PD-1 and N58A mutated PD-1 proteins in binding to 

nivolumab or pembrolizumab. Together with previously reported findings, all 

these evidence suggest that N58-glycan dose not play a role in nivolumab or 

pembrolizumab binding to PD-1, and would not affect the blocking efficacy to 

N58 glycosylation deficient PD-1. 

 

Minor concerns: 

1. There are some grammatical issues to be corrected. For example, in page 13, 

"Glycosylation dependent binding of camrelizumab may have profound influences to 

both PD-1/PD-L1 blocking efficiency and binding specificity", the word "to" should 

be replaced as "on"; in p5 para5, line 5 and 6 there are invalid references 17 and 18. It 

would be helpful to have a professional proofreading. 

Reply:   Thanks, the revised manuscript is further reedited by a native English 

speaker. 

 

2. On page 12, the information of reference "15" was missing. 



Reply:   Thanks, we have modified accordingly. 

3. Standard nomenclature should be used to prevent confusion. For example. 

"N-acetylglucosamine (GlucNAc)" should be used in place of "N'acetylglucosamines 

(NAG)" (p8, line 2 from bottom). 

Reply: 

   Thanks, we have modified. 
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Referee #2: 

 

The paper by Liu et al describes the interaction between the anti-PD1 antibody 

camrelizumab with PD-1, with a special emphasis of the binding dependent to 

N-glycosilation. This is an interesting study, in which the authors provide an example 

of an anti-PD1 antibody that binds an antigenic site that is glycosilation-dependent. 

This in itself is not new, but this is the first anti-PD1 antibody that binds in such a way, 

and exhibits therapeutic activities. The authors also show that camrelizumab primarily 

binds PD-1 through the Vh region, and the Vl region probably provides sterical 

hindrance to PD-1 binding to PD-L1. Nevertheless, this is concluded mainly by 

comparison with the crystal structure of PD-L1/PD-1 complex. 



The conclusions are supported by the data. 

 

Minor concerns. 

1. The authors say that "PD-1 is a highly glycosylated receptor expressed not only on 

T cells but also tumor cells. " 

The expression of PD-1 in tumor cells is highly controversial. This reviewer has never 

detected it in cancer cells, when appropriate controls are used, and we have 

EXTENSIVELY tried to do so in human and mouse cancer cells. Indeed, PD-1 

staining in tumor biopsies is restricted to T and B cells. Similarly, radioactively 

labelled PD-1 antibodies for in vivo visualization by PET does not significantly stain 

tumor tissue. Therefore, I suggest the authors to remove this, as it does not alter the 

paper. It is OK to mention it in the paper, but clarifying to the reader that not all 

researchers have observed this expression. Definitely, I would not state this in the 

abstract as the authors do. 

Reply: 

   Thanks, we agree with this suggestion and have removed accordingly in the 

abstract, but remained in the discussion section. 

 

2. There are some minor spelling mistakes throughout the manuscript (eucaryote 

instead of eukaryote, for example) In the text there is no reference to Figure 1D, 

where it corresponds (page 6). 

Reply: 

 We have reedited accordingly. 

 

Major concerns. 

This Reviewer would have liked the authors to show binding studies on other 

"conventional" anti-PD1 antibodies such as pembro or nivo to their 

N58-glycosilation-defective PD-1. I understand this will be dependent on whether the 

authors can get hold of these antibodies for these experiments. But I would strongly 

advise to do so, because otherwise the paper lacks some "in vitro activity" of the 



importance of N58 glycosilation on the efficacy of blockade over human T cells. I 

understand that these experiments could be quite complicated (for example, by 

CRISP-Cas9 elimination of endogenous PD-1 and re-expression of a N58 PD-1 

mutant in Jurkat T cells). 

If the authors can comply with the binding studies of conventional antibodies for just 

comparison, I would be happy to accept the paper. 

Reply: 

 As is also replied to Reviewer 1, this is really a good suggestion and we have 

done additional experiments to test the binding affinities of PD-1 and N58A with 

nivolumab or pembrolizumab by using SPR analysis. The results were presented 

in the revised Figure 4 and described in Results section. We found that the 

binding affinity (KD) between wild type and N58A mutated PD-1 showed no 

substantial differences with nivolumab or pembrolizumab. The previously 

reported complex structures of nivolumab or pembrolizumab with PD-1 also 

suggest that N58 is away from the binding area of these two mAbs. This indicates 

that N58-glycan does not play a role in nivolumab or pembrolizumab binding to 

PD-1. 

 

Referee #3: 

 

Liu et al. report the crystal structure of PD-1 bound to a scFv version of camrelizumab 

and identified and characterized the role of the N-linked glycan on Asn58 in the high 

affinity binding interaction. Asn58 is the position of a SNP (rs1222512746: N58D) 

and as such, the involvement of the N-linked glycan is the binding to a therapeutic 

antibody is therefor of great interest. PD-1 is unregulated on antigen experienced T 

cells and one of the main targets of immune checkpoint blockade. Therapeutic 

antibodies that fail to block tumor expressed PD-L1 binding to PD-1 would not lead 

to tumor efficacy and the authors address the role of this glycan in the binding event. 

 

The figures are clear and the manuscript is generally well -written and easy to follow. 



The manuscript builds up to a point where the authors finally suggest that 

camrelizumab binds the the N-linked glycan by itself and that could be the reason of 

its cross-reactivity with other receptors. This is an important point but the authors also 

need to better highlight the prevalence of this SNP. How commonly is it observed? 

How large could the patient population be in which the antibody fails to bind PD-1 

with high affinity. The therapeutic consequences of the findings oof the current 

manuscript have to be highlighted more strongly. 

Reply: 

  We agree that the frequency of N58 variation is critical for the significance of 

this study. We checked the prevalence of N58 mutation of PD-1 in NCBI and 

found that a N58D polymorphism has been reported with an estimated frequency 

of 8 per million, as reported in TOPMed project reports. Therefore, the 

possibility of N58 variation correlated loss of high affinity binding to PD-1 do 

exist, though the frequency is low in the population. There is also possibility that 

altered glycosylation modification under certain conditions may also results in 

N58 glycosylation deficiency and further affects the binding of these mAbs that 

target glycosylation sites. 

 

Comments: 

 

Are the SPR experiments done with IgG and only the crystallography with a refolded 

scFv dimer? Was there no monomeric scFv observed that could have been purified 

and used? A dimerize scFv is more a "wrongly associated" form of a single chain 

momoneric scFV and this should be discussed briefly. Even though it likely retains all 

of the structural features and binding properties. 

Reply:  

As is described in Result section and in the Materials and Methods section, 

full length camrelizumab is used for SPR analysis with camrelizumab 

immobilized on the chip. For the scFv, we agree that the dimeric scFv is a 

“wrongly associated” form due to the short linker between VH and VL, but this 



did not affect the binding properties with PD-1 and overall structural features. 

We have also discussed this in the Discussion section.  

 

Page 9 end of 1st paragraph. I would not say "binding dependency of PD-1 

glycosylation..." but rather that N58 contributes to the high binding affinity of 

camrelizumab. 

Reply:  

We agree that the glycosylation dependent binding may be not appropriate 

here. To give a more precise description, we have changed the first section of the 

Result to make sure that the varied binding affinity with PD-1 from different 

expression cells “may be” correlated with glycosylation. The description as this 

Reviewer has suggested has changed to “These results indicate that N58 

glycosylation contributes to the high binding affinity of camrelizumab.”   

 

Page 9 last paragraph and Figure 4F. Since N-glycan binding cannot be measured 

reliably, one could argue that this experiment could be deleted form the manuscript. 

Here the authors need to make the point maybe in one sentences that this is important 

because it could form the basis of the non-specific binding that has described in the 

literature. The reader has to wait until the end to realize that this is an important 

experiment.  

Reply: 

 We agree with this point that the quatitive binding to N-glycan may be not 

accurate and we could only detect a dose dependent binding to camrelizumab. 

We have added a comment about this point at the beginning of this section. 

Further studies should be carried out in the future to test whether the 

non-specific binding to other molecules, as is reported by Finlay et al, is also 

resulted in the binding to N-glycan in these molecules. The non-specific binding 

of the mAbs may depend on the contribution of binding of N-glycan compared 

with the overall interaction between PD-1 and mAbs, and the sequence similarity 

of amino acid residues. However, this may need extensive efforts to present a full 



scenario of this answer and out of scope of this study.  

We also conducted additional experiments to verify the reduced binding 

capacity of camrelizumab with PD-1 proteins treated with PNGase to remove the 

N-glycans. The binding between camrelizumab and PD-1 proteins expressed 

from 293T cells treated with PNGase was tested by SPR assay during this 

revision. The binding of camrelizumab to PNGase F treated PD-1 proteins was 

investigated, with PD-1 proteins without PNGase F treatment tested in parallel 

as a control. SDS-PAGE analysis revealed that the molecular weight of PD-1 

protein was substantially reduced from ~35 kDa to ~20 kDa after treatment with 

PNGase F (revised Supplementary Fig. 5). The SPR analysis revealed that the 

binding affinity of camrelizumab to PD-1 proteins treated with PNGase has 

reduced to 105 nM, compared with the KD of 4.74 nM with PD-1 proteins 

without PNGase F treatment (revised Fig. 5G). We believe that both the 

structural evidence and N58A mutational analysis would also support the 

conclusions.  

            

Page 10 first paragraph: While this reviewer appreciates that the glycan at N58 is 

involved in the binding affinity, the result of the staining experiments with wiltdytp or 

N58A -PD1 are surprising. The affinity of camrelizumab to N58A-PD1 is still much 

higher than that of PD-L1 and it is surprising that at a dose of 3.6mg/ml the antibody 

is unable to block PD-L1 binding. One reason could be that at that high concentration 

the IgG can only bind with one arm to PD-1 and loses its avidity effect and now the 

apparent faster off rate from PD1- N58 can be appreciated as PD-L1 can bind to free 

PD-1. Initially the blocking ability is similar for both wild type and N58A PD-1. 

A better experiment would be to block with the Fab version of camrelizumab and use 

a different glycosylation deficient PD-1 as a negative control. Are the PD-1 cell 

surface expression levels similar? 

Figure 5 is the most important experiment to support a role of this glycan in the 

efficacy of camrelizumab. At a dose of 28ug/ml however, no differences can be seen 

between wild type PD-1 and N58A PD-1. Is N58A the right mutation or is the alanine 



introducing hydrophobicity, which could result in a faster off-rate? How would N58S 

or N58Q behave? 

Reply: 

 As is also replied to Reviewer 1, we agree that the methods used here may be 

not appropriate for blocking analysis. Therefore, we have changed to another 

detection system to evaluate the blocking efficacy of the mAb to N58A mutation. 

In the previous methods, full-length WT or N58A PD-1 genes with eGFP were 

transfected to 293 T cells and stained by PD-L1-mFc protein. It is hard to control 

the transfection efficiency to get a similar expression level based on GFP signal. 

In the revised version, we have changed the detection system to detect the PD-L1 

expressed on 293T cells with PD-1-mFc and N58A-mFc proteins by FACS 

analysis. The blocking efficiency of camrelizumab is determined with 

co-incubation of a serial of dilutions of camrelizumab and WT or N58A mutated 

PD-1-mFc proteins, and the mixture of mAb and PD-1-mFc proteins were then 

used for staining of PD-L1 expressing 293T cells. The binding of PD-1-mFc to 

PD-L1 expressing 293T cells was completely abolished in the presence of 5 μg/mL 

of camrelizumab. On the other hand, the blocking of camrelizumab to the 

binding of N58A mutated PD-1 and PD-L1 is substantially attenuated that N58A 

mutated PD-1-mFc staining positive cells remained 34% even at a high 

concentration of 30 μg/mL, compared to 49% positivity with no camrelizumab. 

We also test the binding affinity of PD-1 and N58A with nivolumab or 

pembrolizumab and found that no substantial difference between PD-1 and 

N58A mutated PD-1 proteins in binding to nivolumab or pembrolizumab. 

Together with previously reported findings, all these evidence suggest that 

N58-glycan didn’t play a role in nivolumab or pembrolizumab binding to PD-1, 

and would not affect the blocking efficacy to N58 glycosylation deficient PD-1. 

 

The final sentence "Taken together, these results indicate that the blocking efficiency 

of camrelizumab to the interaction of N58 glycosylation deficient PD-1 and PD-L1 

would be substantially attenuated. " is not correct unless a therapeutic camrelizumab 



dose is used. 

Reply:  

We agree with this suggestion and have changed “attenuated” to “reduced” 

in this sentence. 

 

 

 



11th Sep 20201st Revision - Editorial Decision

Dear Prof. Gao,

Thank you for the submission of your revised manuscript  to our editorial offices. We have now
received the reports from the two referees that were asked to re-evaluate your study, you will find
below. As you will see, the referees now support  the publicat ion of your study in EMBO reports.
Nevertheless, referee #2 (referee #1 from the submission to The EMBO Journal) has two remaining
concerns, we ask you to address in a final revised manuscript . 

After cross-comment ing with referee #1 (referee #3 from the submission to The EMBO Journal) -
see her/his comment below - we do not think it  is necessary to evaluate the ant ibody in primary T
cells or a T cell line. However, I agree with both referees that if you state that the ant ibody binds to
the glycan itself on the surface of cells, solid data to demonstrate that is needed, and original point
5 of the referee needs to be addressed experimentally (maybe, as indicated by referee #1 in his/her
cross-comment).

An alternat ive would be to take out the speculat ions about the binding to the glycan itself and to
remove panel 4F and related discussions (as indicated in the cross-comments). In any case, please
provide a point-by-point  response addressing/ answering to the remaining points of referee #2 and
the comment. 

Moreover, I have these editorial requests:

- We would need a more comprehensive and simpler t it le. How about:
N-glycosylat ion of PD-1 promotes binding of Camrelizumab

- Please provide the abstract  writ ten in present tense.

- Please also make sure that in all the figure legends (including the abstract) the present tense is
used.

- Please add a conflict  of interest  statement, and a paragraph detailing the author contribut ions to
the manuscript  (next to the acknowledgements).

- We would like to publish your manuscript  as Report  (as there are only 5 figures). For a Scient ific
Report  we require that results and discussion sect ions are combined in a single chapter called
"Results & Discussion". Please do this for your manuscript . For more details please refer to our
guide to authors:
ht tp://www.embopress.org/page/journal/14693178/authorguide#researchart icleguide

- In the figures, please use cells for the labeling (e.g. in Fig. 1 -> 293T cells, insect cells)

- Present ly there are no call outs in the manuscript  text  for Fig. 4G and Appendix Figure S4. Please
check and make sure that all panels in the figures have call outs.

- Please add a table of content (TOC) to the Appendix file and use the nomenclature Appendix
Figure Sx, Appendix Table Sx etc. throughout the text , and also label the figures and tables in the
Appendix file according to this nomenclature. 



- Please also note our new reference format. Please format your reference list  accordingly:
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

- Please make sure that the funding informat ion added in the online submission system is complete
and similar to the one in the manuscript .

- Finally, please find at tached a word file of the manuscript  text  (provided by our publisher) with
changes we ask you to include in your final manuscript  text , and some queries, we ask you to
address. Please provide your final manuscript  file with t rack changes, in order that we can see any
modificat ions done.

In addit ion, I would need from you: 
- a short , two-sentence summary of the manuscript  
- two to three bullet  points highlight ing the key findings of your study 
- a schematic summary figure (in jpeg or t iff format with the exact width of 550 pixels and a height
of not more than 400 pixels) that  can be used as a visual synopsis on our website. 

I look forward to seeing the final revised version of your manuscript  when it  is ready. Please let  me
know if you have quest ions regarding the revision. 

Kind regards,

Achim Breiling
Editor
EMBO Reports

----------------
Referee #1 (TEJ referee #3):

This manuscript  is a t ransfer from EMBO J. I have previously reviewed this manuscript  and consider
this a revised version. The authors have adequately addressed all of my previous comments and
concerns.

----------------
Referee #2 (TEJ referee #1):

In this revised manuscript  by Liu et  al., authors addressed most of the comments. There are st ill
concerns that were previously raised are not addressed at  all. For example, the authors did not
evaluate the ant ibody in the context  of PD-1 expressed in T cells (point  #2), as well as did not
perform knockout PD-1 to validate the specificity of the ant ibody (point  #5). These are important to
confirm conclusion. The authors are encouraged to address these points to ensure scient ific merit
of the manuscript  before it  is acceptable for publicat ion in EMBO Reports.

--------
Cross-comment of referee #1:

I think that the discussion about the precise nature of the glycans is blown out of proport ion here.
Since the ant ibody binds to both insect cell and mammalian cell (293T cell) N-linked glycans, it  can
only bind to the core structure that is conserved across the different N-linked glycan types, which is



demonstrated by the crystal structure. The core fucose is the only sugar that may or may not be
present between different N-linked glycans. So precise structural variat ions in glycans that occur
away from the core and thus the binding site of the ant ibody are not expected to have any role in
binding.

So I think point  2 of the reviewer is not crit ical to address.

Point  5, I think, is a problem as the authors t ry to measure binding of the ant ibody to the naked
glycan by itself. I overlooked Figure 4 panel F (the glycan binding SPR experiment). I don't  believe
this was a controlled experiment and since the authors don't  know the concentrat ion of the glycans
used for the response it  is difficult  to judge that data. Therefore, the authors could eliminate panel
F. Showing reduced binding in the absence of glycans is sufficient . If they are proposing the
ant ibody binds the N-linked glycan, it  would be important to show more complete data. A specific
glycan immobilized on the chip, while passing the ant ibody over it  would be the way to go. And then
calculat ing the KD.

I would remove the speculat ion in the discussion that the ant ibody might bind to the glycan itself on
the surface of cells unless they have solid data to demonstrate that. If they want to go this route I
agree with reviewer #2 on point  5 that they need to show T cells. Maybe naive versus ant igen
experienced T cells can be used instead of PD-1 knock out, since they have different levels of PD-1
expression. That may be easier as one can observe the binding differences.

So my recommendat ion is to take out speculat ion about the binding to the glycan itself and remove
panel 4F and related discussion.



 

---------------- 

Referee #1 (TEJ referee #3): 

This manuscript is a transfer from EMBO J. I have previously reviewed this 

manuscript and consider this a revised version. The authors have adequately 

addressed all of my previous comments and concerns. 

Reply: Thank you for your comments. 

---------------- 

Referee #2 (TEJ referee #1): 

In this revised manuscript by Liu et al., authors addressed most of the comments. 

There are still concerns that were previously raised are not addressed at all. For 

example, the authors did not evaluate the antibody in the context of PD-1 expressed in 

T cells (point #2), as well as did not perform knockout PD-1 to validate the specificity 

of the antibody (point #5). These are important to confirm conclusion. The authors are 

encouraged to address these points to ensure scientific merit of the manuscript before 

it is acceptable for publication in EMBO Reports. 

Reply: Thank you for your comments. We agreed that primary T cells or a T cell 

line would provide more valuable information for this study. However, precise 

control of the glycosylation in primary T cells or T cell line would be difficult for 

such analysis. As is also cross-commented by referee #1, the glycosylation 

variation in different cells may not be substantial to distinguish the binding 

differences as is observed in protein level in the manuscript. In protein based 

SPR analysis, no substantial difference of the binding affinity to camrelizumab 

was observed with PD-1 proteins expressed from insect cells or 293T cells. 

17th Sep 20202nd Authors' Response to Reviewers



Moreover, the structure of PD-1 and camrelizumab complex also showed that 

camrelizumab mainly binds to the core structure of N58 glycan. Therefore, the 

analysis in primary T cell or cell lines like Jurkat cells may not reflect the 

binding dependency of this mAb. 

For point #5, we have to admit that the conclusion of direct binding to naked 

N-glycan is over-discussed. We don’t have enough N-glycan from PD-1 to do the 

test and the SPR analysis could not be accurate that we could not determine the 

exact concentration of N-glycan. Therefore, we have removed this part in Figure 

4F and related discussion in the manuscript.  

We have mentioned in the discussion that Finlay et al. have reported that 

camrelizumab showed low-affinity binding to other human receptors such as 

vascular endothelial growth factor receptor 2 (VEGFR2), frizzled class receptor 

5 and UL16 binding protein 2 (ULBP2). Considering that the core structure of 

N-glycan is similar in varied proteins, the binding specificity of the MAbs which 

showed glycosylation binding dependency may be lower than those that bind 

only to amino acids of PD-1. The results presented in this study has provided a 

clue that the glycosylation binding dependency of camrelizumab may be 

responsible for these off-target interactions. 

 

 

-------- 

Cross-comment of referee #1: 

 

I think that the discussion about the precise nature of the glycans is blown out of 

proportion here. Since the antibody binds to both insect cell and mammalian cell 

(293T cell) N-linked glycans, it can only bind to the core structure that is conserved 

across the different N-linked glycan types, which is demonstrated by the crystal 

structure. The core fucose is the only sugar that may or may not be present between 

different N-linked glycans. So precise structural variations in glycans that occur away 

from the core and thus the binding site of the antibody are not expected to have any 



role in binding. 

 

So I think point 2 of the reviewer is not critical to address. 

 

Point 5, I think, is a problem as the authors try to measure binding of the antibody to 

the naked glycan by itself. I overlooked Figure 4 panel F (the glycan binding SPR 

experiment). I don't believe this was a controlled experiment and since the authors 

don't know the concentration of the glycans used for the response it is difficult to 

judge that data. Therefore, the authors could eliminate panel F. Showing reduced 

binding in the absence of glycans is sufficient. If they are proposing the antibody 

binds the N-linked glycan, it would be important to show more complete data. A 

specific glycan immobilized on the chip, while passing the antibody over it would be 

the way to go. And then calculating the KD. 

 

I would remove the speculation in the discussion that the antibody might bind to the 

glycan itself on the surface of cells unless they have solid data to demonstrate that. If 

they want to go this route I agree with reviewer #2 on point 5 that they need to show T 

cells. Maybe naive versus antigen experienced T cells can be used instead of PD-1 

knock out, since they have different levels of PD-1 expression. That may be easier as 

one can observe the binding differences. 

 

So my recommendation is to take out speculation about the binding to the glycan 

itself and remove panel 4F and related discussion. 

 

 Reply: We agree with this suggestion and removed Figure 4F and related 

discussion in the revised manuscript. 



22nd Sep 20202nd Revision - Editorial Decision

Prof. George Gao
Inst itute of Microbiology,CAS
CAS Key Laboratory of Pathogenic Microbiology and Immunology
No. 1 Beichen West Road,Chaoyang District
Beijing, Beijing 100101
China

Dear Prof. Gao,

I am very pleased to accept your manuscript  for publicat ion in the next available issue of EMBO
reports. Thank you for your contribut ion to our journal.

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Yours sincerely,

Achim Breiling
Editor
EMBO Reports

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2020-
51444V3 and be addressed to emboreports@wiley.com. 
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