DETAILED RESPONSE TO THE REVIEWERS
Reviewer #1
Manuscript Summary:
Li et al report a humanized mouse model for the reconstitution of human tumors and human lymphocytes for the evaluation of immune checkpoint inhibitors in cancer immunotherapy. Their model consists of administering cyclophosphamide to NOD-SCID mice so that they accept human tumors infiltrated with PBMC. Whilst the data they present suggests that the model is effective for evaluating the human CD8 T cell response in an immunodeficient mouse model it is not novel as there are several models of human T cell reconstitution in immunodeficient mice and numerous studies of human tumor biology and cell growth in such models as well.
We thank Reviewer 1 for acknowledging that our model is useful for the evaluation of immune checkpoint inhibitors in cancer immunotherapy. We have taken good note of the issues raised by the reviewer regarding the novelty of our models. To this end, we provide additional data and literature analysis that, in our opinion, have strengthened the novelty of our humanized mouse models. In brief, our models provide partially reconstituted human immunity in human tumor bearing mice through subcutaneously admixing of human PBMC with cancer xenografts. This approach provides a rapid and cost-effective, yet highly reproducible alternative to full stem cell reconstitution (e.g. CD34+ hematopoietic stem cell-engrafted humanized mice). Our model has been proved to be useful for evaluating T cell-engaging cancer immunotherapies, particularly when working on short timelines or to select agents before moving to a more complex multi-lineage immunity model.
Major Concerns:
Lack of novelty. Similar models have been described previously. There are several issues, if clarified, would improve the manuscript and clarify issues for the reader:
We thank Reviewer #1 for the suggestions. We have clarified these issues in our revised manuscript, and please also refer to the following point-to-point responses.
*The authors infiltrate the tumor with human PBMC. However, they only provide evidence for CD8Tcell infiltration. This raises several questions: is there human Immune cell reconstitution within the NOD-SCID mice or do the cells only reside in the tumor. If so, what cells are reconstituted? Is is only CD8 T cells? Is there reconstitution of non-T cells such as B cells?
[bookmark: OLE_LINK1]The authors do not have evidence suggesting the reconstitution of human immune cell populations other than CD8+ T cells. We do believe, however, there’s systemic presence of human immune cells, as suggested by at least two lines of evidence: 1) Cyclophosphamide pre-treated, PBMC-engrafted mice demonstrate significant elevation of human Alu sequence signal in the blood and spleen compared to the control mice, quantified by RT-PCR at 14 days post subcutaneous PBMC injection (Suppl. Fig. 1). 2) Clinical observations associated with xenogeneic GVHD in PBMC-engrafted mice, about 30 days post engraftment (Suppl. Fig. 2, and as detailed below).
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*Related to this question: do the mice develop xenogeneic GVHD? *If not how long do the human cells survive in this model as human T cell reconstituted in NOD SCID mice are usually short lived?
Clinical observations commonly associated with xenogeneic GVHD (xGVHD) have been observed in our humanized model, such as erythema, hunched posture, weight loss (Suppl. Fig. 2) and mortality. These phenotypes were usually observed towards the end of our studies, usually at 1-2 months post engraftment, indicating the propagation and infiltration of human T cells in xGVHD target organs. The prior treatment of CP+DS increase the engraftment of human PBMCs. In tumor tissues, our immunohistochemistry (Fig. 2C) and flow cytometry (Fig. 4B) analyses demonstrated the presence of human CD8+ T cells at least 20-25 days post PBMC engraftment.
*Have the authors been able to separate xenogeneic GVHD, allo-immunity, and reconstitution of mouse macrophages from the anti-tumor effect.
We thank Reviewer #1 for raising this question. Alloimmunity describes the immune interaction between genetically distinct individuals, and this type of immune response is expected in our experimental models as the human cancer cell lines or PDX transplant is a foreign substance to the donor PBMC. The authors believe that the enhanced anti-tumor activities of tested immunotherapy are largely due to T cell potentiation within the scope of alloimmunity. Xenogeneic GVHD (xGVHD), as discussed above, did occur in our humanized mouse models but at a much later stage than when the anti-tumor effects being observed, suggesting that the anti-tumor efficacies are largely due to alloimmunity but not xGVHD. In addition, our previous study has suggested that presence of tumor-associated macrophages (mCD64+) negatively correlate with anti-PD-1 antibody-mediated anti-tumor activities1.
Minor Concerns:
*It is not clear why they authors used NOD-SCID mice rather than NSG mice which are more accommodating of human immune cells.
The authors acknowledge that the more severely immune-compromised NSG mice could be a better model for human immune cell engraftment. In fact, our in-house data support that the protocol documented in this manuscript shall work for both NOD-SCID and NSG mice. The authors started the relevant projects a few years ago, when NSG mice are not yet very popular and readily available. We performed our model establishment and proof-of-concept experiments using the NOD-SCID strain, and in order to keep our data consistent, we continued using this mouse strain for the later studies. Furthermore, the higher costs associated with using the NSG strain draw our preference to the NOD-SCID strain as, to our experience, there was no significant benefit in using the more immuno-compromised NSG strain.
In summary, more information is required surrounding the degree of immune reconstitution, the mechanism of human-immune antitumor response, and the limitations of the model.
We thank and agree with Reviewer #1 and have provided additional discussions regarding the above-mentioned issues in our revised manuscript.


Reviewer #2
Manuscript Summary:
In this study, the authors developed the humanized mice model that human PBMC and tumor cells were subcutaneously inoculated to investigate the anti-tumor activity of immune checkpoint inhibitors. Although the idea is not bad, some figures are unclear for publication.
We thank Reviewer #2 for acknowledging the interesting idea of our manuscript. We have revised some of our figures (Fig. 1 in particular) that might cause confusion. Please see the details below.

Major Concerns:
In Fig. 1A, the author described gating strategy of myeloid cells, but it looks very strange that almost myeloid cells are PMN-MDSC or M-MDCS population and neutrophils are very low frequency, even you did not show % of those fractions. Generally, CD11b+ myeloid cells composed 70-80% of Gr1+ granulocytes and 10-20% F4-80+ monocytes in peripheral blood from NOD-scid, NSG, or NOG mice, and HLADR negative MDSC is very rare population in steady state. Also, the authors referred Ali, K. et al. Nature. 510 (7505), 407-411, for creating the gates. In this reference, they showed the PMN-MDSC or M-MDCS population by Ly6G/Ly6C/CD11b staining, but those cells are in splenocytes but not in peripheral blood as you mentioned in the figure. The reviewer think that is critical error to defining the cell subsets, MDSCs and neutrophil populations in PB. In Fig. 1B, there is also severe concern about the frequency of neutrophils in PB, only 1-2 % is too small even though cyclophosphamide was not treated.
[bookmark: OLE_LINK3]The authors thank the reviewer for pointing out our inappropriately defined cell populations in the mouse peripheral blood. MDSCs, identified as CD11b+Ly6G/Ly6C+ subsets, are differentiated from the myeloid lineage under inflammatory conditions or cancers and infiltrated into inflammation sites and tumors, and should not be used in this case. The authors acknowledge that we have incorrectly characterized populations in the peripheral blood. In the blood, Ly6C is believed to be a marker of monocytes (Ly6Chigh) and neutrophils (Ly6Cinterm), and Ly6G+ subsets are characterized as neutrophils2,3. We have therefore re-analyzed our flow cytometry data accordingly. In this case, the neutrophil population (CD11b+Ly6G+) accounts for about 60%, and the monocyte population (CD11b+Ly6Chigh) accounts for 10-20% of the CD11b+ myeloid cells. Figure 1 has been revised accordingly.
The authors should describe about the purpose/necessity to utilize the disulfiram, but it looks no effect.
Disulfiram (DS) decreases the urotoxicity of cyclophosphamide (CP) in mice, and CP combined with DS has been suggested to have longer-lasting neutropenia than animals treated with CP alone4. We have explanined our rationale of utilizing disulfiram in our revised protocol section 1.1.3. Our own data also suggest that CP+DS would reduce death incidence compared to the CP-only treated group (Suppl. Fig. 3).
How many mice did you use in the experiment? 
6 mice were used in our myeloablation dose determination experiments (protocol section 1.1), 3 mice per PBMC donor were used in our PBMC donor screen (protocol section 2) , 3 mice per group were used in our cancer cell line and PDX screen (protocol section 3), and 8-12 mice per group were used in our efficacy studies (protocol section 5). We have included the number of mice used for each study in our revised manuscript.
[image: ]
Minor Concerns:
1) The author should describe about more detailed information of each tumor cell line/PDXs and the protocol for the treatment of BGB-A317.
We thank the reviewer for pointing this out and we have elaborated our BGB-A317 treatment protocol and cell lines/ PDXs used in the protocol section 5.4.
2) The author should explain the objective criteria of the PD-1, PD-L1, and CD8 IHC scoring.
We thank the reviewer for pointing this out and we have included our IHC scoring system in our revised protocol (section 4). Please also see the description below:
[bookmark: _GoBack]Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by assigning an expression score on a 5-point scale (IHC score, range 0–4) within the selected core area at high magnification (20x, 40x). 0, absent; 1, weak intensity/ less than 20% cells; 2, weak-to-moderate intensity/ 20%–50% cells; 3, moderate-to-strong intensity/ 50%–80% cells; 4, strong intensity/ more than 80% cells. Human PD-L1 staining within tumor cells was scored on a 5-point scale (IHC score, range 0–4). 0, absent; 1, weak intensity/ less than 10% cells; 2, weak-to-moderate intensity/10%–30% cells; 3, moderate/ 30%–50% cells; 4, strong intensity/ more than 50% cells.
3) The reviewer would like to know the ratio of CD4 and CD8 in CD3+ T cells in TIL, and did CD8 level increase after 10 mg/ml BGB treatment?
The authors do not have relevant data for CD4+ T cells and thus not able to calculate the ratio of CD4+ and CD8+ in the CD3+ TILs. The percentage of CD8+ TILs does increase after 10mg/kg BGB-A317 treatment, compared to the vehicle group (as shown in Fig. 4B). 



Reviewer #3
Reviewer comments
In the manuscript entitled "A Human Peripheral Blood Mononuclear Cell (PBMC) Engrafted Humanized Xenograft Model for Translational Immuno-oncology (I-O) Research" Zhuo Li and colleagues describe a protocol for generating humanised mice, harbouring human immune cells in addition to human tumours. The human tumours are established by subcutaneous injection of human tumour cell lines or transplantation of PDX tumour tissue. The field of immuno-oncology is rapidly developing and there is need for reliable preclinical models overcoming the trans-species limitations associated with use of immunocompetent mouse models in immuno-oncology preclinical studies. Thus, development of humanised pre-clinical tumour models is highly relevant.
The manuscript describes a method that might be used by other scientist in the field. The need for clarity in each step is high, thus the authors have to clarify some of the steps in the described protocol. In addition, additional control experiments are required to establish this model as relevant for translational immuno-oncology research.
We thank reviewer #3 for highlighting the importance of our work that aims to establish reliable humanized preclinical tumor models for translational immuno-oncology studies. We have included additional information and details for our model development in our revised manuscript.
Major concerns
- In the described protocol PBMCs are injected subcutaneously together with human cancer cell lines in a 50% Matrigel suspension. The authors have not provided any data describing a potential systemic presences of human immune cells, expected to be mainly T cells, in the transplanted mice. Flow cytometry analyses aiming at detecting human immune cells in blood collected from the humanised mice, at different time points, should be provided, as well as immunohistochemistry (IHC) or flow cytometry analyses of other organs that might harbour the human immune cells, mainly spleen.
Although human immune cells in the blood or other organs were not tested in a dynamic manner and profiled by IHC or flow cytometry, we do believe, however, there’s systemic presence of human immune cells, as suggested by at least two lines of evidence1) Cyclophosphamide pre-treated, PBMC-engrafted mice demonstrate significant elevation of human Alu sequence signal in the blood and spleen compared to the control mice, quantified by RT-PCR at 14 days post subcutaneous PBMC injection (Suppl. Fig. 1). 2) Clinical observations commonly associated with xenogeneic GVHD have been observed in our humanized model, such as erythema, hunched posture, weight loss (Suppl. Fig. 2) and mortality. In addition, we have toned down some of our statements as these might have over-interpreted the degree of humanization of our mouse models.
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- The authors should show data comparing tumour growth in the presence and absence of PBMCs, for the studied cell lines and PDX models. The manuscript lacks sufficient controls to state that the observed effect of BGB-A317 treatment is dependent PBMC mediated humanisation. Non-humanised/mock-humanised mice should be treated with BGB-A317 under the same conditions as in the described experiments (Figure 4), to validate that the observed effect of BGB-A317 treatment is dependent on the presence of human immune cells.
The tumor growth curve of one of the studied tumor models, human colon PDX BCCO-028, in the presence and absence of PBMC is provided for the reviewer’s reference (Suppl. Fig. 4). Although this data is collected in a separate experiment from our Fig. 4F, it is clear that there is no anti-tumor effects of BGB-A317 without PBMC humanization. The authors also noted that similar information of non-humanized/ mock-humanized mice was not shown in many published literatures involving models with allogenic PBMCs or peripheral blood lymphocytes (PBLs)5,6. We believe that the PBMC-engrafted, BGB-A317 non-treated group (i.e. vehicle groups in Fig. 4) that were included in all our studies, served as a valid control for evaluating the anti-tumor activities of the tested immunotherapies. 
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- The authors should refer to all figures at the appropriate place in the text.
We apologize for not referring to the figures at the appropriate locations in the text. We have revised our manuscript following the journal’s requirements.
- In the discussion the authors elaborate on graft versus host disease (GvHD) as a limiting factor to this protocol. A note about the expected experimental window should be provided in the protocol.
We thank reviewer #3 for pointing this out. We elaborated on this issue in the protocol 5.5 and discussion sections of our revised manuscript.
Minor comments
- The license number for the ethical approval for obtaining the informed consents should be provided.
We have attached a copy of our informed consent form for voluntary blood donation used in our studies. We ensure that all participants understand the scope of our research, their involvement and the rights and risks while involved in research. This informed consent form was signed by each donor everytime of the studies and the original copies have been properly stored in our laboratory archive.
- All abbreviations should be explained first time in use.
We thank the reviewer for pointing this out. We have proofread our manuscript and ensure all abbreviations properly explained the first time used.
- The authors should comment on whether only female mice can be used for this procedure or if male mice also are suitable. Alternatively, if only female mice have been investigated, this should be noted.
[bookmark: _Hlk6068791]All mice involved in this study were female. The authors have not evaluated if there is difference between male and female mice. We thank the reviewer for pointing this out and we have clarified this in section 1.1.1 in the revised manuscript.
- Section 1.1.2: "Prepare cyclophosphamide (CP, CTX) at different doses (50, 100 and 150 mg/kg, J&K) in saline". The authors should explain why different solutions are prepared. Were different solutions prepared to enable administration of an equal volumes of drug solution to mice getting different doses of cyclophosphamide?
We thank reviewer for pointing this out and the reviewer’s understanding is correct. We have clarified this in section 1.1.2 in the revised manuscript. 
- Section 1.1.4: When is the blood on day 0 collected, before or after administration of cyclophosphamide and disulfiram?
[bookmark: _Hlk6069683]The blood is collected on day 0 before the administration of cyclophosphamide and disulfiram. We have clarified this in section 1.1.4 in the revised manuscript. 
- Section 1.1.6: The authors should provide body mass development curves for treated and non-treated mice.
The body weight development curves for treated and non-treated mice is provided for the reviewer’s reference (Suppl. Fig. 3).
[image: ]
- Section 1.2.3: The authors should state the number of hours after last administration of CP rather than "the day after".
We thank the reviewer for pointing this out and we have clarified this in section 1.2.3 in the revised manuscript.
- Section 1.2.4: For how many days/weeks were the measurements recorded?
We thank the reviewer for pointing this out and we have clarified this in section 1.2.4 in the revised manuscript.
- Section 2 and Figure 3: How many healthy PBMC donors were screened?
[bookmark: _Hlk6072031]We thank the reviewer for pointing this out and we have clarified this in section 2.1 in the revised manuscript. The authors have screened over 50 healthy PBMC donors in the study, to ensure we have enough number of suitable donors. The authors would also like to note that any searcher who want to adopt this protocol might decide on their own how many healthy PBMC donors to be screened, based on the size of their planned studies.
- Section 5 and Figure 3: The amount of administered PBMCs is referred to as a range, 2.5-5x10⁶ PBMCs. This difference in the administered amount of PBMCs might influence the degree of humanisation and tumour growth. The authors should specify the amount of PBMCs administered to each mouse. If the authors have data supporting that there are no differences in degree of humanisation or tumour growth between administration of 2.5 and 5 x10⁶ PBMCs, these data are very interesting and should be shown.
The authors apologize for this confusion. The number of PBMC used for any individual mouse in one single study is the same. However, due to variations in the availability of total isolated PBMC at the time of each study, the authors have chosen to use 2.5 x 10⁶, 4 x 10⁶, or 5x10⁶ PBMC per mouse. Although this 2-fold difference in the administered amount of PBMCs might affect the degree of humanization, the authors do not observe significant differences in evaluating anti-tumor efficacies of the tested immunotherapies. We have not performed a detailed side-by-side comparison examining the different number of PBMC used and the degree of humanization. We thank the reviewer for pointing this out and we have clarified this in section 5.2 in the revised manuscript.
- Section 5.3: Were the PBMCs injected on each side of the engrafted piece of PDX tumour tissue administered in a Matrigel solution, as described for the cell lines? If the PBMCs were administered without Matrigel, did this influence the level of human immune cells in the blood compared to administration of PBMCs in Matrigel?
[bookmark: _Hlk6074783]PDX tumor tissues were administered in a Matrigel solution, same as described for the cell lines. We thank the reviewer for pointing this out and we have clarified this in section 5.3 in the revised manuscript. We have not performed a detailed side-by-side comparison examining the influence of using or not using Matrigel on the systemic engrafment of PBMC.
- Section 5.7: For how long were the cells incubated with the antibodies at 4°C?
We thank the reviewer for pointing this out and we have detailed the duration of antbody incubation in section 5.7 in the revised manuscript.
- Figure 1: The authors should explain the statistics used and give values for *, ** and ***.
We thank the reviewer for pointing this out and we have clarified this in the revised manuscript.
- Figure 1B: How many mice were included in each group?
We thank the reviewer for pointing this out and we have clarified this in the revised manuscript.
- Figure 2: The authors should clarify what is meant by "No treatment" and "Cyclophosphamide"/"+ Cyclophosphamide". Is "No treatment" in the absence of cyclophosphamide or PBMCs? Were the "Cyclophosphamide"/"+ Cyclophosphamide" groups also treated with disulfiram, or is this experiment equal to the red coloured group in figure 1B?
[bookmark: OLE_LINK2]The authors apologize for this confusion. We thank the reviewer for pointing this out and we have clarified this in legend of Fig. 2B in the revised manuscript. The red line represents data from the group with PBMC and tumor transplation but without CP or disulfiram treatment (supposedly poor humanization), while the blue line represent data from mice with PBMC+tumor+CP+disulfiram.
- Figure 2C: Scale bars should be included in the images.
We thank the reviewer for pointing this out and we have included the scale bar in our revised manuscript (Fig. 2C)
- Figure 3: The authors should clarify the amount of PBMCs administered to the mice (see previous comment).
Please refer to the response above. In brief, the number of PBMC used for any individual mouse in one single study is the same. However, due to variations in the availability of total isolated PBMC at the time of each study, the authors might choose to use 2.5 x 10⁶, 4 x 10⁶, or 5x10⁶ PBMC per mouse at different studies.
- Figure 3A: Does each dot represent the mean value of 3 mice engrafted with PBMCs from 1 donor, in combination with A431 cells? How many PBMC donors were screened?
[bookmark: _Hlk6080800]It is correct that each dot represents the mean value of 3 mice engrafted with PBMCs from 1 donor, in combination with A431 cells. We thank the reviewer for pointing this out and we have clarified this in legend of Fig. 3A in the revised manuscript. The authors have screened over 50 healthy PBMC donors in the study, and the results shown in Fig. 3A are representative data from 35 of them.
- Figure 3B: How many mice are included in each group? Please provide a short description of the scoring system 0-4?
3 mice were included in each group. We thank the reviewer for pointing this out and we have clarified this in legend of Fig. 3B in the revised manuscript. 
We have included our IHC scoring system in our revised protocol (section 4). Please also see the description below:
Immunohistochemical scoring was performed in a blinded fashion by an experienced pathologist (M. Guo). Immuno-stained sections were initially assessed at low magnification (4x, 10x) to select the core with the highest density of positive cells. TIL markers (indicating immune cell subsets) and human PD-L1 (expressed by tumor cells) were assessed. The area of the entire core occupied by tumor epithelium versus stroma was assessed followed by estimation of the proportion of positive TILs that were intraepithelial or intrastromal (intraepithelial localization defined as lymphocytes within tumor cell nests and/or adjacent to and in direct contact with tumor cells).
Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by assigning an expression score on a 5-point scale (IHC score, range 0–4) within the selected core area at high magnification (20x, 40x). 0, absent; 1, weak intensity/ less than 20% cells; 2, weak-to-moderate intensity/ 20%–50% cells; 3, moderate-to-strong intensity/ 50%–80% cells; 4, strong intensity/ more than 80% cells. Human PD-L1 staining within tumor cells was scored on a 5-point scale (IHC score, range 0–4). 0, absent; 1, weak intensity/ less than 10% cells; 2, weak-to-moderate intensity/10%–30% cells; 3, moderate/ 30%–50% cells; 4, strong intensity/ more than 50% cells.
- Figure 4: Please, state in the figure legend how many PBMCs that were administrated? Control experiments including non-humanised mice transplanted with the various cancer models and treated with BGB-A317 must be included (see previous comment).
We have included the amount of PBMC used in each study in the revised manuscript. Please refer to our response above regarding the control experiments using non-humanzied mice.


Reviewer #4
Summary:
Although many murine immuno-oncology (IO) models have been created they possess well documented limitations in their ability to recapitulate a human immune system. The authors present data in support of using humanized mice for to evaluate potential I-O agents in the context of a human immune response. The use of humanized mice in I-O studies is limited by the considerable cost, screening human donors and time required to generate the mice. The proposed model seeks to address the time required to generate a relevant model by incorporating a myeloablation strategy (combined treatment with cyclophosphamide and disulfiram) prior to engrafting human PBMC from healthy donors in NOD/SCID mice. The authors provide evidence that tumor control can be improved in mice receiving BGB-A317 (Tislelizumab), an anti-PD1 antibody, as a proof of concept for using a humanized PBMC model for evaluation of I-O agents.
By creating their humanized PBMC xenograft model, the authors convincingly highlight the importance of such a model to study human immune responses and human cancers in translational I-O. This reproducible and robust in vivo model has the potential to be used for various I-O therapy studies.
We thank Reviewer 4 for her/his overall positive comments and constructive suggestions. We also thank Reviewer 4 for highlighting the importance of our PBMC-reconstituted humanized mouse model to be potentially used for various I-O therapy studies. 
Major Criticisms:
1. Most of the literature on humanized PBMC models (Sasaki 2018, Weibmuller 2015, Tobin 2013, Lin 2018) use either IV injection for short-term studies or IP for long-term studies. This should be highlighted somewhere in the discussion. Furthermore, what would be the risks and benefits of using this novel method of injecting PBMCs admixed with tumor cells subcutaneously (in matrigel) versus previously published studies or IV or IP? For example, PBMC contain functional NK cells and it is unclear what contribution other immune cell components play in the progression of the tumor. In this model it would appear that true engraftment does not happen but intra-tumoural human immune cells can be added to the TME with this technique. What is the advantages of this are over a simple PDX model where small fragments of whole tumour (with intact TME) are being implanted into NOD/SCID mice?
The authors thank Reviewer 4 for the suggestion of highlighting the fact that most humanized PBMC models have chosen IV or IP as the route of injection7,8. To this end, we discussed the possible advantages and disadvantages of our model in the revised manuscript. We have also toned down some of our statements as these might have over-interpreted the degree of humanization of our mouse models.
We thank Reviewer 4 for pointing out the comparison between a simple PDX model versus our humanized model through co-engraftment of human PBMC. Patient-derived tumor immune microenvironments co-exist in early passages of PDXs, but the stromal tissues, including immune cells, diverge substantially from their parental tumors and decrease significantly during passaging9,10. With the limitation on available tissues for implantation and possibly low engrafment rate, usually this is not applicable for experiments requiring relatively large animal numbers. Therefore, humanization of the immuno-compromised mice by co-engraftment, along with the tumor, of normal human PBMC would circumvent some of these issues. The reconstitution of the human immune system would therefore allow examination of the role of interactions between xenogeneic human stroma and tumors in cancer progression.
2. Myeloablation and figure 1B: the ablation with CP and DS is shown in Figure 1B. However, there is no mention of the main advantages of adjuvant chemical ablation in the NOS/SCID mice versus radiation ablation. Previous studies have shown reliable response for humanized mice when using radio-ablation. A rationale for choosing CP+DS should also be provided given that single agent CP treatment alone appears to reduce Neutrophils to a similar extent. 
We thank the reviewer for pointing out the issue regarding the rationale of using adjuvant chemical ablation. As the reviewer pointed out, there are many studies which used the radio-ablation strategy. The authors do not think, however, there will be a significant difference between these two myeloablation approaches, and have some preliminary in-house experience suggesting that both methods work well in our models (data not shown). Disulfiram (DS) decreases the urotoxicity of cyclophosphamide (CP) in mice, and CP combined with DS has been suggested to have longer-lasting neutropenia than animals treated with CP alone4. We have explanined our rationale of utilizing disulfiram in our protocol section 1.1.3. Our own data also suggest that CP+DS would reduce death incidence compared to the CP-only treated group (Suppl. Fig. 3). One possible advantage of the adjuvant chemical ablation over radio-ablation is that this would be more applicable to research labs who have limited access to radiation instruments.  
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Furthermore, no information is provided on the number of animals making it difficult to interpret the variability in responses to CP+DS ablation and raises a strong concern for reproducibility if adopted by other labs. In addition, no data is provided with respect to the effects on the monocyte population or the kinetics of reconstitution of the murine myeloid populations or proportion of human immune cell subsets. Given that the optimal regimen was to be selected based on changes in the both the neutrophil and monocyte population (1.1.6) these data should be included in a revised manuscript.
The authors apologize for not reporting the number of animals in our previous manuscript. 3 mice for the vehicle group and 6 mice for CP and/or DS treated groups were used in this study (Fig. 1B). We have included this information in the figure legend of Fig. 1B. In addition, we have re-analyzed our flow cytometry data, and the dynamic changes of murine myeloid populations (i.e. neutrophils and monocytes) upon CP and/or DS treatment, is provided in the revised manuscipt.
3. The protocol for human PBMC transplantation and tumor engraftment lacks sufficient detail to be easily adopted by other labs. Authors should review the critical steps of the protocol to ensure necessary reagents and workflow is well documented. A visual flow figure would be help to convey the model and transplant process.
We thank Reviewer 4 for pointing this issue out. We have included more details regarding PBMC transplantation and tumor engraftment in our protocol section. The authors would also like to note that there will be a video production accompanied by this article that will highlight all essential and critical procedures.
4. Essentially no details or discussion are provided on the methods related to IHC scoring (eg, average CD8, PD1 and PDL1?) or the significance beyond a qualitative assessment of donor suitability. Details of suitable donors are similarly absent, ie for the protocol to be reproducible it would be helpful for other groups to have a better understanding of the demographics of the donor population that were identified as suitable as well as details on immune cell proportions (CD8 and NK at a minimum) and HLA typing. From the current manuscript it is unclear what the authors considered a suitable donor based on the data provided. In addition, were donors suitable across multiple cancer types or was there variability here as well. The data presented in figure 3A and 3B do not appear to include the same donor populations given the variability in the scores although it is unclear which points represent the A431 cells in panel A.
We thank Reviewer 4 for pointing this issue out. We have included more information related to IHC scoring in our revised manuscript. Please also refer to the information below:
Immunohistochemical scoring was performed in a blinded fashion by an experienced pathologist (M. Guo). Immuno-stained sections were initially assessed at low magnification (4x, 10x) to select the core with the highest density of positive cells. TIL markers (indicating immune cell subsets) and human PD-L1 (expressed by tumor cells) were assessed. The area of the entire core occupied by tumor epithelium versus stroma was assessed followed by estimation of the proportion of positive TILs that were intraepithelial or intrastromal (intraepithelial localization defined as lymphocytes within tumor cell nests and/or adjacent to and in direct contact with tumor cells).
Human CD8 and PD-1 expression on tumor-infiltrating leucocytes (TIL) were assessed by assigning an expression score on a 5-point scale (IHC score, range 0–4) within the selected core area at high magnification (20x, 40x). 0, absent; 1, weak intensity/ less than 20% cells; 2, weak-to-moderate intensity/ 20%–50% cells; 3, moderate-to-strong intensity/ 50%–80% cells; 4, strong intensity/ more than 80% cells. Human PD-L1 staining within tumor cells was scored on a 5-point scale (IHC score, range 0–4). 0, absent; 1, weak intensity/ less than 10% cells; 2, weak-to-moderate intensity/10%–30% cells; 3, moderate/ 30%–50% cells; 4, strong intensity/ more than 50% cells.
The authors do not have demographics data of the donor population although the majority of which are of Chinese origin. The authors also do not have details on immune cell proportions of the donated blood and have only performed limited characterization on HLA typing (data not shown). The authors would like to note that a particular PBMC donor might be suitable for one cancer cell line/ PDX but not ideal for others. PBMC donors might therefore need to be screened for each individual cancer model to ensure optimal results.
Each dot in Fig. 3A represents the mean value of 3 mice engrafted with PBMCs from 1 donor, in combination with A431 cells. The authors have screened over 50 healthy PBMC donors in the study, and the results shown in Fig. 3A are representative data from 35 of them. Results in Fig. 3B are representative results of our three established tumor models (i.e. A431, SK-MES-1 and SKOV3), in combination of PBMCs collected from selected donors (protocol 2.4). The authors also discussed the considerations and criteria of screening suitable donors for a particular model in the revised manuscript.
5. Figure 4 - again it is unclear from the present manuscript how many different donors were used to generate each summary figure for the individual cancer cell lines and PDX lines. It is also concerning that the authors have not used a viability marker to exclude dead cells from the flow cytometric analysis of the TIL population, representative flow plots should be provided which outline the gating strategy used and the typical results.
The authors apologize for this confusion. PBMC from one selected donor is used for all the mice in each individual efficacy experiment, i.e. one donor was used to generate each summary figure for the individual cancer cell lines and PDX lines in Figure 4.
The authors acknowledge that, unfortunately, we did not include a viability marker to exclude dead cells for the flow cytometry analysis of TILs. A representative gating strategy we used is shown in Suppl. Fig. 6. We gated our R1 as live cells based on forward and side scatters, and subsequently obtaining the data for CD8+ and CD8+PD+ populations.
6. It is unclear what an isotype control Ab was not used for the I-O agent, could these results reflect a non-specific effect related to the inclusion of a humanized Ab.
The authors thank Reviewer 4 for pointing this out. The authors did use a human IgG control in the beginning for our proof-of-concept studies. An example of the resulting data is provided here for the reviewer’s reference (Suppl. Fig. 5). Our data indicate that the anti-tumor effect of BGB-A317 is not due to a non-specific effect related to the inclusion of a humanized Ab. We have latter switched to a vehicle control (i.e. PBS only) for our efficacy studies for the simplicity of experiments. The authors also note that PBS vehicle control has been used by previous literatures for evaluating I-O agent5,6, and we believe that this would not change the conclusion and interpretation of our results.
[image: ]
Minor Criticisms:
1. The gating strategy for monocytic MDSCs and neutrophils are explained in detail under the protocol and results section. However, the MDSC population, which plays a critical suppressive role in the cancer TME, is not detailed in the background/introduction. Although not essential for publication, I would recommend explaining the importance of MDSCs in the introduction since they include these populations in the gating strategy.
We thank the reviewer for pointing this out. The authors later realized that the gating strategy used in our Fig. 1 might not be appropriate, and thus revised the related analysis and description in our results and protocol sections. In the revised manuscript, the authors do not show and discuss results related to the MDSC populations.
2. In the discussion (line 268) authors mention that only 20% of tumors/PDx demonstrate acceptable tumor growth rate. Which tumors were acceptable? If only 20%, this model could be of benefit to study which tumors exactly? Is there a correlation between model success and tumor characteristics (i.e. high neoantigen burden, neovascularization, avoiding immune responses, etc.)?
[bookmark: _Hlk6129188]The authors thank the reviewer for pointing this out and we apologize for this confusion. What the authors intended to say is “about 20% of cancer cell lines and PDXs examined demonstrate acceptable tumor growth rate while at the same time having relatively high TILs and PD-L1 staining”. In fact, our humanized mice support the growth of most human tumors tested (as mentioned in the abstract), but a considerable proportion of these have little or no immune cell infiltrations and/or PD-L1 staining, and thus were not further tested in our efficacy studies of I-O therapies. The three human cancer cell lines mentioned in our manuscript, i.e. A431 (epidemoid carcinoma), SKOV3 (ovarian cancer) and SK-MES-1 (lung cancer), as well as two PDX models, i.e. BCLU-054 (lung cancer) and BCCO-028 (colon cancer), are considered good tumor models for I-O therapy evaluation in our humanized mice. The “20%” mentioned in our manuscript was specifically referring to the application of this model for the I-O therapies the authors have explored in this study. We believe that with further understanding and characterization of this model, just as the reviewer pointed out, the scientific community will expand its application to additional therapeutics and tumor types.
The authors also thank the reviewer’s question regarding the correlation between model success and tumor characteristics. We did not explore this but it is an interesting question to be investigated in future studies.
3. HLA matching (line 271): it seems like HLA matching would be a key step for other studies that using this xenograft model. HLA…"Might not be the determining factor" is a vague response. They should at least include the data and explain why HLA matching might not be critical step.
The authors acknowledge that this is only a preliminary observation and we have not performed detailed analysis to fully support this claim. Therefore, we have removed the related claims in our revised manuscript.
4. Authors should cite original work instead of review articles.
We thank the reviewer for pointing this out and we have revised our manuscript to include more original research articles.
5. Page 1 ln 1 - "human PBMC-based humanized" seems redundant
We thank the reviewer for pointing this out and we have removed “humanized” in this phrase.
6. Rationale or reference for use of disulfiram in myeoablation strategy should be provided.
[bookmark: _Hlk6131568]We thank the reviewer for pointing this out and we have explanined this in the protocol 1.1.3 of our revised manuscript. Disulfiram (DS) blocks the urotoxicity of cyclophosphamide (CP) in mice, and CP combined with DS was suggested to have longer-lasting neutropenia than animals treated with CP alone4. We also observed that there is decreased number of death events from mice treated with CP+DS versus CP alone (Suppl. Fig. 3).
[image: ]
7. Clone numbers should be provided for all Antibodies used.
We thank the reviewer for pointing this out and we have revised our manuscript accordingly.
8. Genetic background or source of NOD/SCID animals should be listed
We thank the reviewer for pointing this out and we have added this information to our protocol section 1.1.1.
9. No scale bar provided in images. This would be more helpful than magnification.
We thank the reviewer for pointing this out and we have included the scale bar in our revised manuscript (Fig. 2C)
10. Fig 2 is confusing. Are these animals CP treated alone or did they receive CP+DS, legend of panel B suggests CP only. Furthermore, panel A suggests then animals receive treatment after implantation yet the data in this figure does not appear to be in a model that receives any additional treatment. 
The authors apologize for this confusion. We thank the reviewer for pointing this out and we have revised the legends of Fig. 2. The “treatment” in Fig. 2A refers to I-O therapy treatment while “treatment” in Fig. 2B was intended to mean “CP+DS treatment”. We have corrected the misleading legends. More specifically, the red line in Fig. 2B represents data from the group with PBMC and tumor transplation but without CP or DS treatment (supposedly poor humanization), while the blue line represent data from mice with PBMC+tumor+CP+DS.
It is not clear when the tumor sections were collected for IHC.
[bookmark: _Hlk6090435]In PBMC donor and cancer cell line/PDX screens, tumors were harvested at an average volume of 200-500 mm3, and then processed for IHC stainings. We have added this description in protocol section 2.3 and 3.1 of our revised manuscript.
It is not clear whether the myeoablation strategy results in increased number of CD8+ T cells that are able to engraft in these mice or a preferential recruitment/expansion/survival of these cells within the implanted tumor.
We thank the reviewer for pointing this out. We have IHC data demonstrating a preferential recruitment/expansion/survival of human immune cells within the implanted tumors with prior treatment of CP+DS (Fig. 2C). In addition, CP+DS pre-treated, PBMC-engrafted mice demonstrate significant elevation of human Alu sequence signal in the blood and spleen compared to the non-CP treated mice, quantified by RT-PCR at 14 days post subcutaneous PBMC injection (Suppl. Fig. 1). This suggests potentially more systemic presence of human immune cells in the CP+DS-treated mice. 
[image: ]
11. The authors state: The dose regimen of cyclophosphamide might need to be pre-determined prior to actual studies and was found to vary slightly between different immunodeficient mouse strains". This seems to be an important finding but data in support of this statement is not provided.
The authors would like to note that this is only an observation and have not been characterized in details. We have some preliminary data suggesting that the more immuno-compromised strains, e.g. NCG mice, might require lower doses of CP. However this is not a conclusion and therefore, we do not plan to elaborate on this in our discussion. We have revised our statement in the manuscript accordingly.
12. Page 6 ln 231 "NOD/DCID"
We thank the reviewer for pointing this out and we have corrected this typo.
13. Statistical tests were not reported or discussed
We thank the reviewer for pointing this out and we have included description of statistical test in the figure legends.
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