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19 SUMMARY:
20  Herein, we present a protocol to prepare single cells from murine thymus, pancreatic draining
21  lymph node and spleen to further study these cells using flow cytometry. In addition, this
22 protocol was used for determining the subsets of regulatory T cells using flow cytometry.
23
24  ABSTRACT:
25  Our immune system consists of a number and variety of immune cells including regulatory T
26  cells (Treg) cells. Treg cells can be divided into two subsets, thymic derived Treg (tTreg) cells
27  and peripherally induced Treg (pTreg) cells. They are present in different organs of our body
28 and can be distinguished by specific markers, such as Helios and Neuropilin 1. It has been
29 reported that tTreg cells are functionally more suppressive than pTreg cells. Therefore, it is
30 important to determine the proportion of both tTreg and pTreg cells when investigating
31 heterogeneous cell populations. Herein, we collected thymic glands, pancreatic draining lymph
32  nodes and spleens from normoglycemic non-obese diabetic mice to distinguish tTreg cells from
33  pTreg cells using flow cytometry. We manually prepared single cell suspensions from these
34  organs. Fluorochrome conjugated surface CD4, CD8, CD25, and Neuropilin 1 antibodies were
35 used to stain the cells. They were kept in the fridge overnight. On the next day, the cells were
36 stained with fluorochrome conjugated intracellular Foxp3 and Helios antibodies. These markers
37 were used to characterize the two subsets of Treg cells. This protocol demonstrates a simple
38  but practical way to prepare single cells from murine thymus, pancreatic draining lymph node
39 and spleen and use them for subsequent flow cytometric analysis.
40
41 INTRODUCTION:
42  Regulatory T (Treg) cells are critical for the homeostasis of immune system. Treg cells are
43  defined by the expression of surface antigens CD4 and CD25, and the transcription factor
44  forkhead box P3 (Foxp3)'3. Sakaguchi et al. first showed that CD25 is constitutively expressed
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on T suppressor cells in mice*, which provided a pioneering observation for the identification of
human Treg cells. Treg cells play a central role in immune tolerance by exerting a suppressive
ability via a variety of mechanisms, including cytolysis through the secretion of granzymes to
induce apoptosis, cytokine consumption and inhibition through the expression of cytotoxic T-
lymphocyte antigen 4°. Additionally, they can secrete inhibitory cytokines such as transforming
growth factor beta (TGF-B), interleukin-10 (IL-10) and IL-35°. Treg cells can naturally be derived
from the thymus, in which case they are designated thymic derived Treg (tTreg) cells, or they
can be induced in the peripheral organs in that case are called peripherally induced Treg (pTreg)
cells.

Helios, a member of the lkaros transcription factor family, was reported to be a marker for
distinguishing between tTreg cells and pTreg cells®. Later, two other groups reported that
Neuropilin 1 (Nrp1), a semaphorin Ill receptor, could serve as a surface marker for tTreg cells
under certain conditions”8. Nevertheless, Singh et al. have shown that Helios is a better marker
in this context in naive mice®.

The subsets of Treg cells play a pivotal role in the maintenance of the homeostasis of the
immune system and in the protection against autoimmunity and infection. Therefore, it is
important to determine the numbers and proportions of these populations in both lymphoid
and non-lymphoid tissues. To achieve this, one has to prepare single cell suspensions from
these organs. A number of protocols have been described or used in previous studies. Mainly,
automatic dissociators have been used in previously published reportsi®!l, Using automatic
dissociators is convenient and time saving, but it is an expensive procedure. Therefore, we have
used a manual method to prepare single cell suspensions from murine thymic glands,
pancreatic draining lymph nodes (PDLNs) and spleens from normoglycemic non-obese diabetic
(NOD) mice, and isolated single cells from these organs. This method has been used in our
previous studies and we found that the manual method for preparing single cell suspension is
as efficient as automatic dissociator method®#%4. Furthermore, we used flow cytometry to
determine the proportions of CD4*CD8 CD25*Foxp3* Treg cells and the subsets of Treg cells
tTreg and pTreg cells. The tTreg and pTreg cells were distinguished using Helios and Nrpl as
markers for tTreg cell. Thus, our results indicate that the manual method for preparing the
single cells does work efficiently and the prepared single cell suspensions can be further used
for studies using flow cytometry.

PROTOCOL:
The local animal ethics committee at Uppsala University approved the animal experiments.

1. Harvesting Organs from Animals
1.1.  Sacrifice the mice by cervical dislocation.
1.2.  Place thymic glands and spleens in 20 mL scintillation vials or 15 mL conical tubes filled

with 5 mL of Hanks” balanced salt solution (HBSS). Place PDLNs in 1.5 mL micro tubes filled with
1 mL of RPMI 1640. Use the whole thymus and spleen, and all the PDLNSs.
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Note: Organs should be kept on ice throughout the procedure and the investigator should try to
be fast while preparing single cell suspensions, especially when handling thymic tissue since
thymic immune cells can be quickly degraded at high temperatures.

2. Single Cell Isolation from Thymus and Spleen

2.1. Thoroughly squeeze the thymus and spleen with a pair of tweezers to release the
immune cells. Discard the remaining thymic and splenic capsule.

2.2.  Transfer the cell suspension to a 15 mL conical tube and centrifuge at 433 x g for 5 min
at 4 °C to form a pellet. Discard the supernatant.

2.3. To lyse the red blood cells, resuspend the cell suspension in 5 mL of 0.2 M NH4Cl and
incubate at room temperature for 10 min. Invert the tubes upside down gently every 2 min.
Add 5 mL of HBSS at the end of the incubation to stop the lysis.

2.4.  Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.

2.5. Resuspend the cell pellet in approximately 5 mL of HBSS. Fill the tubes with HBSS.

2.6. Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.

2.7. Resuspend the cell pellet in approximately 5 mL of HBSS. Fill the tubes with HBSS.

2.8.  Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.

2.9. Resuspend the cell pellet in in 5 mL of HBSS for thymus and 10 mL for spleen.

2.10. Transfer 1 mL of the thymic cell suspension and 500 uL of the splenic cell suspension to
5 mL round bottom tubes with cell strainer caps. Apply the cell suspension to the cell strainer

caps.

Note: A 35 um nylon mesh is incorporated into the cap. Approximately 5-10 million cells were
collected in each tube.

3. Single Cell Isolation from PDLN

3.1. Place a sterile 250 um metal mesh over a 15 mL conical tube in a rack. Rinse the mesh
with 1 mL of RPMI.

3.2. Transfer the lymph nodes to the metal mesh and grind them through the mesh using a
pair of tweezers. Apply 1 mL of RPMI on the metal mesh to flush the cells into the tube. Repeat
3 more times and remove the mesh.
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3.3.  Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.
3.4. Resuspend the cell pellet in approximately 5 mL of RPMI. Fill the tubes with RPMI.
3.5. Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.
3.6. Resuspend the cell pellet in approximately 5 mL of RPMI. Fill the tubes with RPMI.
3.7. Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.

3.8. Resuspend the cell pellet in 2 mL of RPMI. Transfer 2 mL of the cell suspension to 5 mL
round bottom tubes with cell strainer caps. Apply the cell suspension to the cell strainer caps.

4. Flow Cytometry

4.1. Centrifuge the cell suspensions from thymus, PDLN and spleen at 433 x g for 5 min at 4
°C. Discard the supernatant.

4.2.  Stain the cells with the following surface antibodies in 100 uL of flow cytometry staining
buffer (FACS buffer): 0.75 pug/100 pL FITC-conjugated CD4 antibody, 0.60 ug/100 puL APC-H7-
conjugated CD8 antibody, 0.30 pg/100 pL PE-conjugated CD25 antibody, 5 uL (1: 20) APC-

conjugated Nrp1l antibody. Incubate the tubes on ice for 40 min.

4.3. Add 200 puL of FACS buffer to each tube. Centrifuge the tubes at 433 x g for 5 min at 4 °C.
Discard the supernatant. Repeat one more time.

4.4. Fix and permeabilize the cells by resuspending the cell pellet in 500 pL of
Permeabilization Fixation Buffer (PFB).

Note: PFB is prepared by mixing 1 part of Fixation/Permeabilization Concentrate with 3 parts of
Fixation/Permeabilization Diluent.

4.5. Keep the tubes in the fridge at 4 °C overnight.
Note: A 1 h incubation also works.
4.6. Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.

4.7. Resuspend the cell pellet in 500 pL of Permeabilization Washing Buffer (PWB).
Centrifuge the tubes at 433 x g for 5 min at 4 °C. Discard the supernatant.

Note: PWB is prepared by diluting Permeabilization Buffer (10x) to 1:10 in distilled water.
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4.8. Stain the cells with the following intracellular antibodies in 100 pL of PWB: 0.30 pg/100
uL PE-Cy7-conjugated Foxp3 antibody, 4 uL (1: 25) PacificBlue-conjugated Helios antibody.
Incubate the tubes on ice for 1 h.

4.9. Add 500 pL of PWB to each tube. Centrifuge the tubes at 433 x g for 5 min at 4 °C.
Discard the supernatant.

4.10. Resuspend the cell pellet in 500 pL of PWB. Centrifuge the tubes at 433 x g for 5 min at 4
°C. Discard the supernatant.

4.11. Resuspend the cell pellet in 300 uL of FACS buffer.
4.12. Analyze the cells on a flow cytometer.

4.13. Gate the single cells based on Side Scatter-Area, Height and Weight, and Forward
Scatter-Area, Height and Weight. Run one million events for analysis.

4.14. Export the FCS files of experiments and analyze them using a flow cytometry analyzer
software.

REPRESENTATIVE RESULTS:

To investigate the expression of Nrpl and Helios on tTreg and pTreg cells, we prepared single
cells from thymic glands, PDLNs and spleens of normoglycemic NOD mice and stained them
with the Treg cell markers CD4, CD25, Foxp3, Helios and Nrp1 for flow cytometric analysis. The
results were analyzed as shown in the representative gating strategies (Figure 1). We found
that the proportion of Helios* cells among CD4*CD8 CD25*Foxp3* Treg cells was higher than
that of Nrp1* cells in all three organs (Figure 2A). More than 80% of the Treg cells in the thymus
expressed Helios, which was higher than in the PDLN and spleen (Figure 2A). The proportion of
Nrpl* cells among Helios* Treg cells was higher in the PDLN than those in the thymus and
spleen (Figure 2B). The majority of Nrpl* Treg cells also expressed Helios, and the proportions
of Helios* cells among Nrp1*Treg cells in the thymus and spleen were higher than that in the
PDLN (Figure 2C). Together, these results indicate that Helios is a better marker to detect tTreg
cells than Nrp1.

FIGURE AND TABLE LEGENDS:

Figure 1. Representative gating strategies for flow cytometry. The live single cells were gated
based on FSC and SSC. Then, cells were further gated for CD4 and CD8 expression. CD4*CD8§"
cells were further gated for the expression of CD25. Next, CD4*CD8 CD25* cells were gated for
Foxp3 expression. CD4*CD8 CD25*Foxp3* Treg cells were gated for Nrp1 or Helios expression.

Figure 2: The expression of Nrp1 and Helios in Treg cells in the thymus, PDLN and spleen. Four
8-week-old non-diabetic NOD mice were sacrificed. Single cells were prepared from the thymic
glands, PDLNs and spleens. The cells were then stained with fluorochrome conjugated
antibodies for flow cytometric analysis. (A) The percentages of Nrp1* and Helios* cells among
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CD4*CD8CD25*Foxp3* Treg cells. (B) The percentages of Nrpl* cells among Helios* Treg cells.
(C) The percentages of Helios* cells among Nrpl* Treg cells. Results are expressed as means *
SEM. ***p < 0.001. One-way ANOVA followed by Tukey's multiple comparisons (A, B and C) and
unpaired t-tests (A) were performed.

DISCUSSION:

In this study, we isolated single cells from thymic glands, PDLNs and spleens of NOD mice, and
investigated the expression of Helios and Nrpl in CD4*CD8 CD25*Foxp3* Treg cells using flow
cytometry. In the present study, NOD mice were used, which is a murine model of type 1
diabetes. In a previous study, we have used the wild type mouse strains CD-1 and C57BL/6 mice
to investigate whether Helios or Nrpl is a better marker for distinguishing tTreg cells from
pTreg cells. In that study, we used a similar protocol to determine the subsets of Treg cells in
naive mice®. We found that Helios is a better marker in this context. Therefore, herein we used
normoglycemic NOD mice to confirm our earlier finding in this model and found that the results
were consistent with our previous results!. This protocol provides an efficient, yet economical
way to prepare single cells and subsequently use them for flow cytometric analysis. There are
several published protocols in which single cells are prepared using an automatic
dissociator'¥12, Instead of using a dissociator, by squeezing the thymic glands and spleens
manually and discarding the remaining capsule, we can avoid the presence of fibrous tissue in
the cell suspension and make sure the cell suspension is mainly composed of immune cells and
red blood cells. We then used NH4Cl to lyse the red blood cells. The duration of lysis can be
extended for a few more minutes if the organs are larger than the normal size. However, the
lysis duration should not be extended too much, otherwise immune cells will also be lysed. It is
important to let the cell suspension go through a cap with cell strainer (or other equivalent cell
filters), to prevent clog problems during flow cytometry.

Working in the dark is recommended when working with fluorochrome conjugated antibodies
to avoid longer exposure to light. We incubate the cells on ice for extracellular and intracellular
staining. The incubation can also be done at room temperature to allow a faster binding of
antibodies, but there is a risk of unspecific binding.

Some intracellular markers require large numbers of cells to give good signals in flow
cytometry. Given the small size of PDLNs, grinding them on a metal mesh requires more care to
allow a maximal release of immune cells. Collecting more PDLNSs is also a way to increase the
cell number. Another limitation of this protocol is that the cells are fixed and permeabilized for
flow cytometric analysis, thus they cannot be used for subsequent functional studies. Magnetic
sorting is an option to allow functional studies if only surface markers are of interest.

This protocol has been applied in other mouse models of autoimmunity and cancer*-1>, Single
cell preparation is a basic but useful technique to determine the characteristics of immune cells
in different immune organs. Using this method for single cell preparation might cause necrosis,
which may result in decreasing the total number of cells. The spectral overlap of traditional
flow cytometry limits the number of markers that can be detected at the same time. Therefore,
several panels and large numbers of cells are required to acquire an overall immune profile. In



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

the future, this can be overcome by the development of mass cytometry.
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Contains Fixation/Permeabilization Concentrate , Fixation/Permeabilization Diluent and Permeabilization Buffer (10X)
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of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.

Click here to access/download;Author License Agreement b4
(ALA);20180827135938145.pdf
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5: Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

2 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original sighed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the documentto +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Click here to access/download;Rebuttal Letter;Editorial

comments_JOVR1.docx

Editorial comments:

The manuscript has been modified and the updated

manuscript, 58848_R1.docx, is attached and located in your Editorial Manager
account. Please use the updated version to make your revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues.

Authors: done

2. Line 36: Helios antibodies were? Please complete the sentence.
Authors: It has been reframed.

3. Step 1.1, 1.2: Please write each step in imperative tense.
Authors: We have re-written.

4. 1.2: How much sample is used?

Authors: the information has been provided in the latest version of this paper.
5. 4.5: What's the temperature of the fridge?

Authors: provided

6. 4.12-4.14: Please write each step in imperative tense.

Authors: done

7. Please use h, min, s for time units.

Authors: done
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