
Reviewers' Comments:  
 
Reviewer #1:  
Remarks to the Author:  
Comments to authors:  
The manuscript by Guo and colleagues developed a smart micelle (BBR-CTA-Mic) consisting of a 
D-α-tocopheryl hydrophobic core and an on-site detachable cross-linked polyethylene glycol-thiol 
shell for effective liver deposition of BBR. They detected promoted expression of LDL-R, p-AMPK 
and Ins-R in hepG2 cells and in vivo. BBR-CTA-Mic oral gavage increased BBR liver accumulation 
and alleviated HFD induced hyperlipidemia, weight-gain and adiposity. This study provides 
promising method to increase the bioavailability and liver accumulation of BBR compared with 
previous approaches, showing potential interest. However, there are several concerns need to be 
addressed.  
 
1) In Figure1C-d, although BBR-CTA-Mic showed a robust BBR release in the exposure of 20% 
hepatic homogenate, however, compared with BBR-S or BBR-TPGS-Mic, BBR-CTA-Mic actually 
showed relatively low liver release of BBR. Please explain. It seems inconsistent to better liver 
uptake of BBR compared with BBR-S in Figure 2.  
 
2) In Figure 1D, the author demonstrated that BBR-CTA-Mic showed better trans-epithelial drug 
transportation than other groups in vitro. What’s the difference of the plasma amounts of BBR-
CTA-Mic and BBR- TPGS -Mic after oral administration to demonstrate more BBR entering 
circulation through intestinal barrier?  
 
3) In Figure 2, how about the comparison of intracellular BBR uptake between BBR-CTA-Mic and 
BBR-TPGS-Mic? This is important to show better effects of BBR-CTA-Mic in hepatic cells than BBR-
TPGS-Mic. In addition, Figure 2A-d should be moved to after Figure 2B-d, corresponding to the 
same order appeared in the main text.  
 
4) Figure3, BBR-CTA-Mic treatment showed higher BBR intake in liver than other organs. Please 
discuss the possible mechanisms of liver target by BBR-CTA-Mic.  
 
5) Figure 4 and Figure 5, the authors used InsR, LDL-R and p-AMPK as the readout of the effects 
of BBR-CTA-Mic by using confocal laser scanning microscopy, western, Flow cytometry and RT-
PCR. RT-PCR is not appropriate to detect p-AMPK. Instead, the authors should detect total AMPK 
using western blotting. In addition to InsR expression, insulin signaling such as p-AKT should also 
be detected by western blotting. As different methods all demonstrate the expression of these 
proteins, I would suggest some data such as flow cytometry which is not commonly used for these 
protein detection, can be moved to supplement to condense the figures and improve readability.  
 
 
6) Figure 5, HFD-fed mice were treated with BBR-S group (BS, 50mg kg-1 of BBR),  
BBR-CTA-Mic group (BM, 50mg kg-1 of BBR), and other indicated controls. Did the author compare 
BBR concentration in plasma, liver and adipose tissue among different groups in this HFD model? 
since they observe the effects of BBR in liver and adipose.  
7) For Figure 5-Figure 8, the ideal control should be empty micelle group (EM) to exclude the 
nonspecific effects of micelle itself. Significance should be calculated between BBR-CTA-Mic and 
empty micelle group.  
8) The phenotypes of BBR-CTA-Mic treatment in mouse models should be reorganized and 
condense the figures more logically. I would recommend put plasma parameters in Figure 5A, and 
body weight, tissue weight in Figure 6AB, and liver HE staining in Figure 7AB together as one 
figure. Molecular data such as Figure 5BCDE as a single figure. Put all the inflammation related 
data together as one Figure. Figure 8D can be moved right after Figure 8A to describe IF staining 
of TNFa and IL6 in liver and adipose tissue, same as the arrangement of western blotting and RT-
PCR. Figure 6C could be moved to supplement. Again, Figures should appear in the same order to 



the description in the main text.  
 
9) Figure 7A-B, please also quantify liver TG content and red O oil staining.  
 
10) One of the conclusion of the study is the potential effects of BBR-CTA-Mic on treating CMD. 
The authors compared oil-red staining images of aortic arches and diverging blood vessels in all 
groups in Figure S4. Please also the quantify this data to show the significance.  
 
11) The writing of the manuscript should be improved to be more logic, clear and concise. As 
mentioned above, Figures should appear in the same order to the main text to make it easier to 
understood. For instance, according to the description in the results, Fig.S1BC should move after 
Fig. S1D. Also for Figure 2A-d, Figure 5, etc.  
 
12) Line 339, Figure 3ABCD, each should be described clearly.  
13) Line 405-428, Line 441-461, Line 500-510, Line 513-522 should move to discussion, to make 
the results section condensed and easier to read.  
14) Figure labels using A-abcd are too complex. Some of the data can be condensed or moved to 
supplement.  
 
 
 
Reviewer #2:  
Remarks to the Author:  
The MS by Guo et al on Liver-target Nanotechnology Facilitates Berberine to Ameliorate Cardio-
metabolic Diseases is an extensive study on the positive effect of berberine micelles on various 
aspects of metabolic disease in the liver. My prime concern is the narrative of the study that the 
micelles passing intact through the intestine reach the plasma and ultimately release their cargo in 
the liver. Although tempting to speculate that this would be the case, it is notoriously difficult to 
stably encapsulate drugs within micelles in biological fluids and it is more likley that BBR separates 
form the micelles on its journay. The micelles might then still have a solubilizing/absorption 
enhancement effect which could still be valuable but the "smart liver delivery" as suggested by the 
authors may be less glamorous.  
 
The studies performed do not confirm the narrative.  
 
The release assays are performed in dialysis bags with 14 kD cutoff sizes, this effectively limits 
interaction with the majority of proteins, especially relevant in the serum (not plasma) 
incubations. As a result there is no acceptor for BBR inside the dialysis bag effectively limiting 
transfer. These studies, therefore only underline that the micelles are stable. Indeed when the 
dialysis-bag permeable GSH in liver homogenate is added and the micelles fall apart release is 
observed but this is not reflecting smart liver-specific behavior but rather the experimnetal set-
up.  
 
Similarly, the CaCo permeation of BBR which is in later experiments used as indication that the 
micelles pass intact over the monolayer, only measures BBR, so this will not tell in what form the 
BBR passed over the cell layer. Also the results of Rho123 permeation need to be interpreted with 
caution as interaction of Rho123 with lipidic molecules has been noted.  
 
The subsequent step in the transport to the liver is difficult to imagine. Why would the micelle be 
able to avoid opsonization and interaction with any other cells type, but only chooses to engage 
with the hepatocyte? This is difficult to understand. These issues could be tackled with following 
the carrier as well as following the drug to see if they follow the same fate. Also competition 
experiments with other cells than the envisioned target cell could be informative to determine how 
specific the interaction is. Also a mechanism for the micelle behavior is needed. Which pathways 
(receptors and endocytic pathways) are responsible for micelle uptake by hepatocytes. Are MPS-



cells truly unable to interanlize these constructs? In vivo, these studies should be complemented 
by a liver cell distribution profile to detemrine the specificity of the micelle for hepatocytes over 
Kupffer cells endothelial cells and stellate cells. Also, for example a study in apolipoprotein E 
knock-out mice could shed light on the distribution profile.  
 
The biological effects are interesting and in line with successful delivery of large doses of BBR. Of 
course, to judge the benefit of micellar targeting it would be informative if a dose response (at 
least an increase of free BBR) could be added to see to what extent the micellar formulation truly 
changes the characteristics of the drug's performance beyond the 2.5-fold increase in liver 
uptake.  
 
The language needs imporvement as some synonyms are chosen that are not often used in the 
field which sometimes results in awkward sentences.  
 
 
 
Reviewer #3:  
Remarks to the Author:  
The manuscript titled “Liver-target Nanotechnology Facilitates Berberine to Ameliorate Cardio-
metabolic Diseases” by Guo et al. reports a method for the delivery of BBR to liver by wraping BBR 
in BBR-loaded cross-link D-α-tocopheryl polyethylene glycol-thiol succinamide micelle. They claim 
this method effectively accumulate BBR in liver. By inducing the expression of LDL-R, p-AMPK and 
Ins-R, BBR-CTA-Mic adminstration ameliorates the metabolic disorders and attenuates aortic arch 
plaque formation.  
The manuscript is clearly written and the results are well presented.  
There are a few specific issues the authors should address by making modifications to the 
manuscript or by clarifying in their response, after which I would consider this work suitable for 
publication in Nature Communications.  
 
Major comments:  
Fig. 4C: a. It is shown that the InsR expression levels in the NC and BS groups are much lower 
than those in Fig. 5D . Please address why the InsR level is low here. b. Please test the level of 
phosphor-InsR and evaluate the ratio of phospho-InsR to total InsR. c. Please test the expression 
level of AMPK and evaluate the ratio of phospho-AMPK to total AMPK.  
 
Fig. 5D: a. Please test the level of phosphor-InsR and evaluate the ratio of phospho-InsR to total 
InsR  
b. Please test the expression of AMPK and evaluate the ratio of phospho-AMPK to total AMPK.  
 
Fig. 6B: The adipocyte size in the BS group is larger than that in the NC and MC groups, shown in 
the panel on the left. However, as indicated in the BAR graph, the adipocyte size in the BS group is 
smaller than that in the MC group. Please address the why there is the difference.  
 
Minor comments:  
Page 17, line371: ‘RT-PCR (Figure 4C) and western blot analysis (Figure 4D)’ should be western 
blot analysis (Figure 4C) and RT-PCR (Figure 4D).  
 
Fig. 5D: To be consistent with the labels in Fig 4C, “LDL-R and Ins-R” should be “LDLR and InsR”.  
 
Please improve the English by correcting general grammatical errors.  



Reviewers' comments:  

 

Reviewer #1 (Remarks to the Author): 

 

Comments to authors: 

The manuscript by Guo and colleagues developed a smart micelle (BBR-CTA-Mic) 

consisting of a D-α-tocopheryl hydrophobic core and an on-site detachable 

cross-linked polyethylene glycol-thiol shell for effective liver deposition of BBR. They 

detected promoted expression of LDL-R, p-AMPK and Ins-R in hepG2 cells and in vivo. 

BBR-CTA-Mic oral gavage increased BBR liver accumulation and alleviated HFD 

induced hyperlipidemia, weight-gain and adiposity. This study provides promising 

method to increase the bioavailability and liver accumulation of BBR compared with 

previous approaches, showing potential interest. However, there are several 

concerns need to be addressed. 

 

Answer: Thank you very much for your hard work to review the article and valuable 

comments. In the past three months, we have done all the experiments you 

mentioned (see below), aiming for a good quality manuscript. To better address your 

concerns, we’d like to briefly introduce the design of the delivery system. 

Berberine (BBR) is a lipid-lowering drug discovered by our group in 2004.1 In the 

past decade, BBR has drawn increasing attention for its bioactivity of safely 

improving energy metabolism in patients with metabolic syndrome. For years, the 

challenging question came from BBR’s unique pharmacokinetic characteristics, as the 

absolute bioavailability of BBR (oral) is very poor.2, 3 By principle, an active-site 

accumulation could be important for therapeutic reagents to execute their 

pharmacological effects, and liver is the main target of BBR. 1, 4, 5 Therefore, we 

propose that a delivery system that can mediate a specific BBR liver-deposition might 

be a new strategy to enhance BBR’s efficacy. Conventional micelles (such as 

TPGS-Mic) could increase the permeability and bioavailability of BBR.6 However; the 

use of TPGS-Mics is not successful, as they are unstable in the GI tract and circulation, 



thus unable to take the drug for active-site accumulation.7 In this study, CTA-Mic was 

designed and developed to keep the advantages of the conventional TPGS micelles 

and increase the stability. As shown in the results, BBR-CTA-Mic could increase the 

accumulation of BBR in the liver, rather than in other organs (Fig. 3; the possible 

mechanisms are discussed in Q & A 4).  

We consider the results of interesting for future formula optimization, aiming 

for a high efficient BBR treatment. 

 
 
Q: 1) In Figure1C-d, although BBR-CTA-Mic showed a robust BBR release in the 
exposure of 20% hepatic homogenate, however, compared with BBR-S or 
BBR-TPGS-Mic, BBR-CTA-Mic actually showed relatively low liver release of BBR. 
Please explain. It seems inconsistent to better liver uptake of BBR compared with 
BBR-S in Figure 2.  

 

Answer: Yes, the Figure 1C contains confusion, and the description has been 

modified in the new version.  

In fact, the Fig. 1C (a, -b, -c, -d) is made to show the release of BBR in the 

physiological environment after oral administration of BBR-CTA-Mic, which is in turn 

stomach, intestine, blood and liver. In the test, BBR-CTA-Mic showed a substantial 

release of BBR only in the liver homogenate tube. In this test, BBR-S (BBR solution) 

serves as the positive reference to show the maximal level of BBR in the test system 

and is higher than that of BBR-CTA-Mic; and the BBR-TPGS-Mic is used as a reference, 

showing less selectivity of BBR release in the abovementioned environment. In the 

revised version we have described this design in the Method section, to clarify the 

principle of the experiment. (Please see Line 621-630) 

 

2) In Figure 1D, the author demonstrated that BBR-CTA-Mic showed better 

trans-epithelial drug transportation than other groups in vitro. What’s the difference 

of the plasma amounts of BBR-CTA-Mic and BBR- TPGS -Mic after oral administration 

to demonstrate more BBR entering circulation through intestinal barrier?  

 



Answer: As suggested, the plasma BBR level was compared between BBR-CTA-Mic 

(orally) and BBR-TPGS-Mic (orally). The result showed that the plasma amount of 

BBR is higher in the BBR-CTA-Mic treated mice than that in the BBR-TPGS-Mic treated 

ones. The new data has been included in the revised version (Please see page 

332-335, Supplementary Fig. 8). 

 

3) In Figure 2, how about the comparison of intracellular BBR uptake between 

BBR-CTA-Mic and BBR-TPGS-Mic? This is important to show better effects of 

BBR-CTA-Mic in hepatic cells than BBR-TPGS-Mic. In addition, Figure 2A-d should be 

moved to after Figure 2B-d, corresponding to the same order appeared in the main 

text.  

 

Answer: We agree. In the revised version we have added the experiment results. 

BBR-CTA-Mic could increase the uptake of BBR, with an efficient higher than that of 

BBR-TPGS-Mic did. (Please see Line 274-279 and Supplement Fig. 4A, 4D, 4E) 

Also, as suggested, in the new version, we rearranged the order of the figures to 

keep it consistent with order appearing in the manuscript. (Please see Fig. 2 and 

Supplement Fig. 4) 

 

4) Figure3, BBR-CTA-Mic treatment showed higher BBR intake in liver than other 

organs. Please discuss the possible mechanisms of liver target by BBR-CTA-Mic. 

 

Answer: After intestine absorption, liver is the first organ for BBR-CTA-Mic. The 

liver-accumulation property of BBR-CTA-Mic might be mediated through the 

following: 1) the new formula increased uptake of the entrapped BBR by hepatocyte; 

2) the catabolized products of the vector in hepatocytes could inhibit the activity of 

CYP450s and P-gp efflux pump,8-10 thus slow-down the metabolism and efflux of BBR; 

and 3) the chemical and physical feature of the BBR-CTA-Mic (such as PEG chains on 

the surface of the carrier, as well as the diameter of the particles is within 20-100 nm 

arrange) could help it to evade the elimination by reticular-endothelial system in liver 



(such as the Kupffer’s cells).11-13 In the revised version we have discussed the 

liver-accumulating mechanism of the BBR-CTA-Mic. (Please see Line 319-328) 

 

5) Figure 4 and Figure 5, the authors used InsR, LDL-R and p-AMPK as the readout of 

the effects of BBR-CTA-Mic by using confocal laser scanning microscopy, western, 

Flow cytometry and RT-PCR. RT-PCR is not appropriate to detect p-AMPK. Instead, 

the authors should detect total AMPK using western blotting. In addition to InsR 

expression, insulin signaling such as p-AKT should also be detected by western 

blotting. As different methods all demonstrate the expression of these proteins, I 

would suggest some data such as flow cytometry which is not commonly used for 

these protein detection, can be moved to supplement to condense the figures and 

improve readability. 

 

Answer: We agree. As suggested, we have added tests for the protein of InsR, p-InsR, 

LDLR, AMPK, p-AMPK, AKT and p-AMPK using Western blot, and evaluated the mRNA 

level of InsR, LDLR, AMPK and AKT using PCR, in HepG2 cells and in C57 mice. The 

results showed that the expression level of InsR, p-InsR, LDLR, AMPK and p-AMPK in 

HepG2 was increased after adding the BBR formulations; and the expression of InsR, 

p-InsR, LDLR, AMPK and p-AMPK, as well as AKT and p-AKT in mice treated with the 

BBR formulations was also elevated. We have added the results in revised 

manuscript. (Please see Fig. 4 and Fig. 5, Line342-355, 359-371)  

As recommended, we have moved the flow cytometry data to the supplement 

information (Please see Supplement Fig. 9, 10) 

 

Q: 6) Figure 5, HFD-fed mice were treated with BBR-S group (BS, 50mg kg-1 of 

BBR),BBR-CTA-Mic group (BM, 50mg kg-1 of BBR), and other indicated controls. Did 

the author compare BBR concentration in plasma, liver and adipose tissue among 

different groups in this HFD model? since they observe the effects of BBR in liver and 

adipose. 

 



Answer:  As suggested, we did the experiment. We have done the comparison of 

BBR concentration in the plasma, liver and adipose tissues among groups in the HFD 

feeding C57 mice model. The results showed that, BBR level in adipose of the 

BBR-CTA-Mic treated mice was higher than that of the BBR-S treated ones, but the 

increase of BBR in adipose by BBR-CTA-Mic is much less than that seen in liver tissues, 

suggesting its advantage of accumulating BBR in liver. The results are shown below. 

We did not add the figure in the revised version, because 1) the results were very 

similar to that done with normal mice (Fig. 3B), and 2) the manuscript already has 15 

supplementary figures. However, the opinion of the reviewer will be fully respected.    

 
Bio-distribution Evaluation HFD-fed C57BL/6J mice were administered with BBR-S or BBR-CTA-Mic (50 mg kg-1 of 

BBR) via gavage injection. At each pre-determined time point, a group of five mice for each formulation were 

euthanized and blood (0.5ml) was obtained from posterior orbital venous plexus to a heparinized tube. The liver 

and fat tissues were harvested. The content of BBR in plasma, liver and adipose at different time points was 

achieved via LC/MS/MS. (n=5, mean ± SEM). 

 

7) For Figure 5-Figure 8, the ideal control should be empty micelle group (EM) to 

exclude the nonspecific effects of micelle itself. Significance should be calculated 

between BBR-CTA-Mic and empty micelle group. 

 

Answer: Agree with the suggestion, in the revised version, we have calculated the 

significance, comparing BBR-CTA-Mic with empty micelle group. (Please see Fig. 5, 6, 

8) 

 

8) The phenotypes of BBR-CTA-Mic treatment in mouse models should be 

reorganized and condense the figures more logically. I would recommend put plasma 



parameters in Figure 5A, and body weight, tissue weight in Figure 6AB, and liver HE 

staining in Figure 7AB together as one figure. Molecular data such as Figure 5BCDE as 

a single figure. Put all the inflammation related data together as one Figure. Figure 

8D can be moved right after Figure 8A to describe IF staining of TNFa and IL6 in liver 

and adipose tissue, same as the arrangement of western blotting and RT-PCR. Figure 

6C could be moved to supplement. Again, Figures should appear in the same order to 

the description in the main text.  

 

Answer: We agree. As suggested, we have reorganized and condensed the figures. In 

the revised version, we have put plasma parameters, body weight and tissue weight 

as one figure (Please see Fig. 6 in reversed version); we have put liver HE staining and 

liver Oil-red staining as one figure, (Please see Fig. 7 in reversed version); the 

molecular data have been put as a single figure (Please see Fig. 5 in reversed version); 

we have moved Fig. 8D right after Fig. 8A (Please see Fig. 8 in reversed version) and 

moved Fig. 6C to supplement. (Please see Supplement Fig. 12 in reversed version)  

We have double checked the Figures to make sure all the figures appear in the same 

order to the description in the main text. We believe, after the amendment 

suggested, the results in figures are presented more logically.  

 

9) Figure 7A-B, please also quantify liver TG content and red O oil staining. 

 

Answer: As instructed, we have quantified liver TG content and red O oil staining in 

the revised version, and the results have been added into the new version. (Please 

see Fig. 6A, Supplement Fig. 12B)  

 

10) One of the conclusions of the study is the potential effects of BBR-CTA-Mic on 

treating CMD. The authors compared oil-red staining images of aortic arches and 

diverging blood vessels in all groups in Figure S4. Please also the quantity this data to 

show the significance. 

 



Answer: Yes, we have quantified the oil-red staining using Image-Pro-Plus 6.0 

software, in all groups. The results have been added in the revised version. (Please 

see Supplement Fig. 14)  

 

11) The writing of the manuscript should be improved to be more logic, clear and 

concise. As mentioned above, Figures should appear in the same order to the main 

text to make it easier to understand. For instance, according to the description in the 

results, Fig.S1BC should move after Fig. S1D. Also for Figure 2A-d, Figure 5, etc.  

 

Answer: In the revised manuscript, we have tried our best to improve the writing of 

the manuscript to make it more logic, clear and concise. We have double-checked 

the manuscript to make sure all the figures appear in the order identical to that in 

the text (Please see Fig. 2-8, Supplement Fig. 3-15). We have invited a native English 

speaker professional to proof-read the paper.  

 

12) Line 339, Figure 3ABCD, each should be described clearly.  

 

Answer: To clarify the Fig. 3, we have re-sentenced the description for Figure 3 and 

line 339 in the revised version. (Please see legend Fig. 3, Line305-313) 

 

13) Line 405-428, Line 441-461, Line 500-510, Line 513-522 should move to 

discussion, to make the results section condensed and easier to read.  

 

Answer: The manuscript is written in the way that the Results part is together with 

the Discussion, so that we could discuss issues right after the results presentation. 

However, if the reviewer considers that the Results part should be separated from 

the Discussion in this paper, we will do it. 

 

14) Figure labels using A-abcd are too complex. Some of the data can be condensed 

or moved to supplement. 



 

Answer: As suggested, in the revised version, we have moved some of the data to the 

supplement to condense the figure presentation. (Please see Fig. 2-8, Supplement Fig. 

3-15) 
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Reviewer #2 (Remarks to the Author): 

 

The MS by Guo et al on Liver-target Nanotechnology Facilitates Berberine to 

Ameliorate Cardio-metabolic Diseases is an extensive study on the positive effect of 

berberine micelles on various aspects of metabolic disease in the liver. My prime 

concern is the narrative of the study that the micelles passing intact through the 

intestine reach the plasma and ultimately release their cargo in the liver. Although 

tempting to speculate that this would be the case, it is notoriously difficult to stably 

encapsulate drugs within micelles in biological fluids and it is more likely that BBR 

separates form the micelles on its journey. The micelles might then still have a 

solubilizing/absorption enhancement effect which could still be valuable but the 

"smart liver delivery" as suggested by the authors may be less glamorous. The 

studies performed do not confirm the narrative.  

 

Answer: Thank you very much for your hard work to review the manuscript and 

valuable suggestions, based on which, in the past 3 months, we have done most of 

the experiments you mentioned (see below). Furthermore, to better address your 

concerns, we’d like to briefly introduce the background of the study. 

Berberine (BBR) is a lipid-lowering drug discovered by our group in 2004.1 In the 

past decade, BBR has drawn increasing attention for its bioactivity of safely 

improving energy metabolism in patients with metabolic syndrome. For years, the 

challenging question came from BBR’s unique pharmacokinetic characteristics, as the 

absolute bioavailability of BBR (oral) is very poor. 2, 3 Whereas, an active-site 

accumulation could be crucial for therapeutic reagents to execute their 

pharmacological effects. Our data from in vitro experiments on hepatocyte1, 4-8, and 

in vivo studies (including NOD/LtJ T1D and KK-Ay T2D mice, 7, 9 hamsters, 9,10 as well 

as Sprague-Dawley (SD) rats1, 8,11) showed that is the main target of BBR. 

Based on these, we propose that a delivery system that can mediate a selective 

BBR liver-deposition might be a new strategy to enhance BBR’s efficacy. We agree 

with the point that conventional micelles (such as TPGS-Mic) could increase the 



permeability and bioavailability of BBR; but the use of TPGS-Mics is not successful, as 

they are unstable and collapsed in the GI tract and circulation, thus unable to 

achieve their target organ in the intact form. 12, 13 

In this study, CTA-Mic was designed and developed to keep the advantages of 

the conventional TPGS micelles and increase the stability. In the novel system, ester 

bond in TPGS was replaced by a stronger amide bond to link D-α-Tocopherol 

succinate and PEG. Furthermore, through the forming of disulfide bond by the 

sulfhydryl at the end of PEG chain, a cross-linked outer shell was developed on the 

surface of the micelles. The outer shell, together with sturdy succinamide in the 

inner core, collaboratively contributes to the increased stability of BBR-CTA-Mics in 

physiological conditions. The particular intracellular environment of hepatocyte (such 

as high GSH and enzymes) could cause the collapse of the vector, leading to a burst 

release of loaded BBR. As shown in the results, BBR-CTA-Mic could 1) keep good 

stability when navigate in GI tract and circulation, and show a substantial release of 

BBR only in the hepatocyte environment (Fig. 1C, and Supplement Fig. 1); 2) increase 

penetration of BBR across intestinal epithelial wall with intact form (Fig. 1D, 

Supplement Fig. 3, please see answers to specific comments); and 3) accumulate BBR 

in the liver, rather than in other organs (Fig. 3). As liver is the first organ for 

BBR-CTA-Mic after intestine absorption, the fate of BBR-CTA-Mic in liver is critical for 

formula design. BBR-CTA-Mic showed more accumulation in the liver than that in 

other organs, probably because 1) the new formula increased the uptake of 

entrapped BBR by hepatocyte (see answers to specific comments); 2) the catabolized 

products of the vector in hepatocytes could inhibit the activity of CYP450s and P-gp 

efflux pump,14-16 thus slow-down the metabolism and efflux of BBR; and 3) the 

chemical and physical feature of the BBR-CTA-Mic (such as PEG chains on the surface 

of the carrier, as well as the diameter of the particles is within 20-100 nm arrange) 

could help it to evade the elimination by reticular-endothelial system in liver (such as 

the Kupffer’s cells).17-19    

We consider the results of interesting for future formula optimization, aiming 

for a high efficient BBR treatment. 



1. 

The release assays are performed in dialysis bags with 14 kD cutoff sizes, this 

effectively limits interaction with the majority of proteins, especially relevant in the 

serum (not plasma) incubations. As a result there is no acceptor for BBR inside the 

dialysis bag effectively limiting transfer. These studies, therefore only underline that 

the micelles are stable. Indeed when the dialysis-bag permeable GSH in liver 

homogenate is added and the micelles fall apart release is observed but this is not 

reflecting smart liver-specific behavior but rather the experimental set-up. 

 

Answer:  

 We agree with the concern. 

The goal of the assay was to test the organ-selective BBR release mediated by 

vectors. The four organ mimic environments tested in this project were stomach, 

intestine, blood and liver, representing the physiological steps after BBR-CTA-Mic oral 

administration.  

The dialysis bag release test was designed to have BBR-CTA-Mic inside the bag 

and organ mimic environment outside the bag, in attempt to learn the release of BBR 

influenced by the organ environment. We thought that after exposure to the organ 

mimic environment (outside bag), BBR-CTA-Mic interacts with the organ components 

that have proper size to penetrate into the bag, and might cause structure change of 

the micelle, resulting in BBR release to the outside bag environment. We first started 

with 14KD bag, as it is often used in releasing test for formula investigation, and 

found that of the 4 organ mimic environments, liver environment is the one that 

caused a micelle structure change and the highest release of BBR (to outside bag). 

We did not go for large molecule cut-off bags, as the 14KD bag already showed 

selective release of BBR in liver. In the revised version we have described this design   

in the Method section, to clarify the principle of the experiment. (Please see Line 

621-630) As the comment is so much valuable in the view of environment-micelle 

interaction (different molecule sizes) we will use dialysis bags with different cut-off in 

future investigation.   



The liver-selective release of BBR-CTA-Mic is demonstrated by the in vivo organ 

distribution assay (Fig. 3), which showed that BBR-CTA-Mic increased BBR liver 

accumulation. The possible mechanisms are discussed in Q & A 3).  

We have corrected “simulated plasma” to “simulated serum” in the revised 

version. (Please see Line 634 and Line 925) 

 

2. 

Similarly, the CaCo permeation of BBR which is in later experiments used as 

indication that the micelles pass intact over the monolayer, only measures BBR, so 

this will not tell in what form the BBR passed over the cell layer. Also the results of 

Rho123 permeation need to be interpreted with caution as interaction of Rho123 

with lipidic molecules has been noted. 

 

Answer:  

As instructed, ultra-centrifugal filters (a new experiment) have been used to 

evaluate the integrity of micelles after the transportation across the monolayer, with 

a method described by Johnsen et al. 20 The result showed that, more than 50% of 

CTA-Mics keep intact across the monolayer, while almost all of the conventional 

TPGS-Mics collapsed during the transportation. (Please see Supplement Fig. 3, Line 

232-236 and Line676-682)   

We agree with the suggestion on the Rho123’s results. Rho123 is a P-gp 

substrate and commonly used to investigate the activity of P-gp on drug 

transportation. 21-23 We have been very careful in the interpretation of the 

Rho123-related results.  

 

3. 

The subsequent step in the transport to the liver is difficult to imagine. Why would 

the micelle be able to avoid opsonization and interaction with any other cells type, 

but only chooses to engage with the hepatocyte? This is difficult to understand. 

These issues could be tackled with following the carrier as well as following the drug 



to see if they follow the same fate. Also competition experiments with other cells 

than the envisioned target cell could be informative to determine how specific the 

interaction is. Also a mechanism for the micelle behavior is needed. Which pathways 

(receptors and endocytic pathways) are responsible for micelle uptake by 

hepatocytes. Are MPS-cells truly unable to interanlize these constructs? In vivo, these 

studies should be complemented by a liver cell distribution profile to detemrine the 

specificity of the micelle for hepatocytes over Kupffer cells endothelial cells and 

stellate cells. Also, for example a study in apolipoprotein E knock-out micecould shed 

light on the distribution profile.  

 

Answer:  

We consider the question important to improve the quality of the manuscript, 

and have added several experiments to address the issues.  

 

1) Liver- and cell-selectivity:  

*As suggested, we have added a new experiment to examine the mechanism of 

endocytosis of BBR-CTA-Mic in HepG2 cells. The result showed that 

clathrin-mediated endocytosis was the predominant one for BBR-CAT-Mic uptake, 

followed by caveolae-mediated endocytosis. (Please see Supplement Fig. 5, Line 

279-282, 741-748)  

 

*We also did new experiment to evaluate the intracellular uptake of BBR in different 

cell lines, including HepG2 (liver), H446 (lung), 3T3 (adipose) and HT29 (colon). The 

results showed that, the BBR-CTA-Mics could improve BBR uptake in all of the cell 

lines, with no significant difference among cells.  



 
Answer Fig. 1 BBR uptake in different cell lines. The cellular uptake of BBR-S and BBR-CTA-Mic by 

different cells was examined using qualitative confocal laser scanning microscopy (CLSM, up) and 

quantitative flow cytometry analysis. The cells were incubated with BBR-entrapped CTA-Mic or BBR-S for 4h. 

 

*We have added new test to study liver cell distribution profile of BBR-CTA-Mic 

in vivo by isolating hepatocytes, Kupffer cells, endothelial cells and stellate 

cells24-27, respectively, after oral administration of BBR-CTA-Mic. The result 

showed that, after reaching in liver tissues, the uptake of BBR-CTA-Mic by 

hepatocytes and Kupffer cells was significantly higher than that by endothelial 

cells and stellate cells. The uptake in hepatocytes appeared slightly high than that 

in Kupffer cells. (Peak shift) We have added these results in the revised 

manuscript. (Please see Line 328-332, Supplementary Fig. 7 and supplementary 

information) 

 

*As suggested, organ distribution of BBR formulations in ApoE knock-out mice 

has been done. Similar to the results in our study on C57 mice (Fig. 3 in 

manuscript), BBR-CTA-Mic increased the liver drug accumulation more than that 

in plasma and other organs. (Answer Fig. 2 showed below). For better clarity, we 



did not show the results in the manuscript. However, if the reviewer considers 

the results essential, we will do so.   

 
Answer Fig. 2 Bio-distribution assay. Apo E knockout mice were administered with BBR-S or BBR-CTA-Mic (50 mg 

kg-1 of BBR) via gavage injection. At each pre-determined time point, a group of five mice for each formulation 

were euthanized and blood (0.5ml) were obtained from posterior orbital venous plexus to a heparinized tube and 

major organs (heart, liver, spleen, lung and kidney) were harvested. The organ distribution of BBR was analyzed 

via LC/MS/MS. 

 

2) Mechanism:  

After intestine absorption, liver is the first organ for BBR-CTA-Mic after short 

travel from portal vein. The liver-accumulation of BBR-CTA-Mic could be explained by 

the following: 1) it could increase intestinal absorption and improve hepatocyte 

uptake of entrapped BBR; 2) degradation products of the vectors in liver cells could 

inhibit the activity of CYP450s and P-gp efflux, leading to a slow-down metabolism 

and secretion of BBR; 3) it could avoid the elimination by reticula-endothelial system 

in liver, including Kupffer’s cells. This was verified by the in vivo distribution assay in 

our study. Our results showed that BBR-CTA-Mic accumulated in liver tissues, rather 

than plasma or other organs. We have added the mechanism explanation into the 

revised manuscript (Please see Line 319-328). 

 



3) The fate of BBR and carrier in vivo.  

We agree that chasing the carrier and the drug to see their fate in vivo is a very 

interesting idea. However, we realize that it is a big work, and therefore have had 

several meetings to discuss the possibility. The experiment might need to label raw 

materials with isotopes (or fluorescein) followed by chemical synthesis, thus other 

collaborator teams and administration permission (e.g. isotope) might be needed. 

Also, as the experiments might be quite labor- and time-consuming, we hope to have 

a chance to do it in the near future, if the reviewer agrees.  

 
 

4. 

The biological effects are interesting and in line with successful delivery of large 

doses of BBR. Of course, to judge the benefit of micellar targeting it would be 

informative if a dose response (at least an increase of free BBR) could be added to 

see to what extent the micellar formulation truly changes the characteristics of the 

drug's performance beyond the 2.5-fold increase in liver uptake. 

 

Answer:  

As suggested, BBR-CTA-Mic with gradient amount of BBR (low dose 25mg, 

middle dose 50mg and high dose 75mg kg-1 day-1 of BBR) were administered to 

C57BL/6J (6 weeks; 18-20 g) for two weeks by gavage. 4h after the last dose, the 

mice were anesthetized and the liver tissues were harvested. The gene expression of 

LDLR, InR and AMPK were tested using Western blot and RT-PCR. The BBR content in 

liver was also analyzed by LC-MS/MS. The result showed that, high dose 

BBR-CTA-Mic did show high BBR level in liver and was the most effective treatment 

for stimulating these genes in C57BL/6J mice. The gene inspiring effect was 

consistent with the BBR content in liver tissues. We have added these results in the 

revised manuscript. (Please see Supplement Fig. 11, Line 389-390, Supplement 

information section) 

 



5. 

The language needs improvement as some synonyms are chosen that are not often 

used in the field which sometimes results in awkward sentences. 

 

Answer:  

We agree. In the revised manuscript, we have tried our best to polish the 

English/grammar and then asked a native English speaker professional to proof read 

the paper. We hope that the revised manuscript meet the language criteria. 
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Reviewer #3 (Remarks to the Author): 

 

The manuscript titled “Liver-target Nanotechnology Facilitates Berberine to 

Ameliorate Cardio-metabolic Diseases” by Guo et al. reports a method for the 

delivery of BBR to liver by wraping BBR in BBR-loaded cross-link D-α-tocopheryl 

polyethylene glycol-thiol succinamide micelle. They claim this method effectively 

accumulate BBR in liver. By inducing the expression of LDL-R, p-AMPK and Ins-R, 

BBR-CTA-Mic adminstration ameliorates the metabolic disorders and attenuates 

aortic arch plaque formation.  

The manuscript is clearly written and the results are well presented.  

There are a few specific issues the authors should address by making modifications 

to the manuscript or by clarifying in their response, after which I would consider this 

work suitable for publication in Nature Communications.  

 

Answer: Thank you very much for your hard work to review the article and valuable 

comments. 

 

Major comments: 

Q4. Fig. 4C: a. It is shown that the InsR expression levels in the NC and BS groups are 

much lower than those in Fig. 5D . Please address why the InsR level is low here. b. 

Please test the level of phosphor-InsR and evaluate the ratio of phospho-InsR to total 

InsR. c. Please test the expression level of AMPK and evaluate the ratio of 

phospho-AMPK to total AMPK.  

 

Answer:  

1) In the Fig. 4, we tested gene expression in the human HepG2 liver cells, but in the 

Fig. 5, we tested the gene expression in liver tissues of C57 mice. The two different 

systems (cultured human cell vs mouse liver tissue) might be part of the reason; also, 

the reagents used in the test is different (e.g. antibody detection for human or 

mouse InsR). 



2) We agree. As suggested, we have tested the level of phosphor-InsR and evaluated 

the ratio of phospho-InsR to total InsR, as well as tested the expression level of AMPK 

and evaluate the ratio of phospho-AMPK to total AMPK in the revised manuscript. 

(Please see Fig. 4 and Fig. 5, Line342-355, 359-371)  

 

Q. Fig. 5D: a. Please test the level of phosphor-InsR and evaluate the ratio of 

phospho-InsR to total InsR  

b. Please test the expression of AMPK and evaluate the ratio of phospho-AMPK to 

total AMPK. 

 

Answer: Yes. As suggested, in the reversed version, we have tested the level of 

phosphor-InsR and evaluate the ratio of phospho-InsR to total InsR, as well as tested 

the level of phospho-AMPK and evaluate the ratio of phospho-AMPK to total AMPK 

in vivo. (Please see Fig. 4 and Fig. 5, Line342-355, 359-371) 

 

Q: Fig. 6B: The adipocyte size in the BS group is larger than that in the NC and MC 

groups, shown in the panel on the left. However, as indicated in the BAR graph, the 

adipocyte size in the BS group is smaller than that in the MC group. Please address 

the why there is the difference.  

 

Answer: We accept the criticism. In the original version, we misplaced the adipose 

pictures in Fig. 6. In the reversed version, we have corrected the mistake and double 

checked all the figures carefully. (Please see Fig. 6) 

 

 

Minor comments: 

Q: Page 17, line371: ‘RT-PCR (Figure 4C) and western blot analysis (Figure 4D)’ should 

be western blot analysis (Figure 4C) and RT-PCR (Figure 4D). 

 

Answer: Thanks for the correction. We have corrected the sequence in describing the 



methods, and checked it throughout the manuscript. (Please see Line 346, 348) 

 

Fig. 5D: To be consistent with the labels in Fig 4C, “LDL-R and Ins-R” should be “LDLR 

and InsR”. 

 

Answer: We have changed LDL-R and Ins-R in Fig. 4 to LDLR and InsR. We have 

double checked all the abbreviations in the manuscript to make sure the consistence.  

 

 

Please improve the English by correcting general grammatical errors. 

 

Answer: We have tried our best to polish the English/grammar and then asked a 

native English speaker professional to proof read the paper. We believe that the 

general grammatical error has been corrected and the writing has been improved 

following the reviewer’s instruction. 

 



Reviewers' Comments:  
 
Reviewer #1:  
None  
 
Reviewer #3:  
Remarks to the Author:  
I have looked at the response letter and the revised manuscript by Guo and colleagues, and found 
most of the points raised in the previous round of review have been satisfactorily addressed.  
 
There is a minor issue the authors should address by clarifying in their response, after which I 
would consider this work suitable for publication in Nature Communications.  
 
The minor issue is about Figure 4C. In the BBR-CTA-Mic treated group, we can see strong 
activation of InsR. However, the insulin signaling was not stimulated because phosphorylation of 
AKT was not induced.  
 
 
 
Reviewer #4:  
Remarks to the Author:  
In the revised manuscript, the authors have addressed a number of concerns raised by Reviewer 
#2 during the initial review. The newly added experiments, such as using ultra-centrifugal filter to 
evaluate the integrity of the micelles after transportation across the Caco cell layer and dose-
dependent effect of BBR-CTA-Mic on gene expression in the liver, are useful additions and address 
some of the technical concerns.  
On the other hand, one major issue does remain. The authors claimed that BBR-CTA-Mic had 
preferential engagement in hepatocytes other than Kupffer cells, endothelial cells and stellate 
cells. This is in contrary to common observations. Liver sinusoidal endothelial cells (LSECs) and 
Kupffer cells are prominent cell types in liver for clearance of nanoparticles in blood circulation, 
and LSECs are the first cells encountered by nanoparticles when coming up from the portal vein 
(Ref: Park J-K, et al., Nanomedicine-NBM, 2016, 12, 1365). Then how does BBR-CTA-Mic escape 
from LSECs and Kupffer cells needs to be clarified. This is relevant to the scientific impact of the 
manuscript. The accuracy of the method used in Supplementary Fig. 7 is in doubt. A more reliable 
method is to stain the liver cell suspensions with cell markers for various cells and then calculate 
the double positive cell populations with BBR-CTA-Mic using flow cytometry.  
 
 
 



Reviewers' comments:  

 

Reviewer #3 (Remarks to the Author): 

 

I have looked at the response letter and the revised manuscript by Guo and 

colleagues, and found most of the points raised in the previous round of review have 

been satisfactorily addressed. 

 

There is a minor issue the authors should address by clarifying in their response, 

after which I would consider this work suitable for publication in Nature 

Communications. 

 

The minor issue is about Figure 4C. In the BBR-CTA-Mic treated group, we can see 

strong activation of InsR. However, the insulin signaling was not stimulated because 

phosphorylation of AKT was not induced. 

 

Answer: Thank you very much for your valuable comments.  

We agree. Our result showed that BBR-CTA-Mic treatment activated InsR expression. 

However, the BBR formulations didn’t increase the expression of AKT and p-AKT in 

the HepG2 cells cultured in insulin-free conventional medium. This phenomenon is 

consistent with previous findings that the AKT was activated by BBR only when 

insulin was present1. We have added the discussion in the revised version (Please see 

Line 314-317).  
 
Reference 
1. Kong WJ, et al. Berberine reduces insulin resistance through protein kinase C-dependent 
up-regulation of insulin receptor expression. Metabolism 58, 109-119 (2009). 

 

 

 



Reviewer #4 (Remarks to the Author): 

 

In the revised manuscript, the authors have addressed a number of concerns raised 

by Reviewer #2 during the initial review. The newly added experiments, such as using 

ultra-centrifugal filter to evaluate the integrity of the micelles after transportation 

across the Caco cell layer and dose-dependent effect of BBR-CTA-Mic on gene 

expression in the liver, are useful additions and address some of the technical 

concerns.  

On the other hand, one major issue does remain. The authors claimed that 

BBR-CTA-Mic had preferential engagement in hepatocytes other than Kupffer cells, 

endothelial cells and stellate cells. This is in contrary to common observations. Liver 

sinusoidal endothelial cells (LSECs) and Kupffer cells are prominent cell types in liver 

for clearance of nanoparticles in blood circulation, and LSECs are the first cells 

encountered by nanoparticles when coming up from the portal vein (Ref: Park J-K, et 

al., Nanomedicine-NBM, 2016, 12, 1365). Then how does BBR-CTA-Mic escape from 

LSECs and Kupffer cells need to be clarified. This is relevant to the scientific impact of 

the manuscript. The accuracy of the method used in Supplementary Fig. 7 is in doubt. 

A more reliable method is to stain the liver cell suspensions with cell markers for 

various cells and then calculate the double positive cell populations with 

BBR-CTA-Mic using flow cytometry. 

 

Answer: Thank you for your valuable suggestions. In the past three months, we have 

tried our best to detect BBR content in different cell types using the method you 

mentioned.   

The result showed that the BBR content in the Kupffer cells of the mice treated 

with BBR-CTA-Mic was less than that from the mice treated with BBR solution 

(Supplementary Fig. 8A), indicating a reduced uptake / elimination of BBR by the 

kupffer cells in liver. Furthermore, LSECs showed almost no uptake of BBR, in both 

BBR solution and BBR-CTA-Mic-treated mice (Supplementary Fig. 8B). In the liver of 



the BBR-CTA-Mic treated mice, the average BBR content in hepatocyte population 

was similar to that of Kupffer cells (Supplementary Fig. 8A-c). As the number of 

hepatocytes in liver is many times more than that of the other types of cells, the sum 

of BBR in total hepatocytes (mediated through the CTA-Mic entrapment) should be 

much more than that in other types of cells.  

Regarding the possible mechanism, these results might be interpreted by: 1) 

The chemical and physical feature of the BBR-CTA-Mic (such as PEG chains on the 

surface of the carrier, as well as the diameter of the particles is within 20-100 nm 

arrange) could help it to evade the elimination by reticular-endothelial system in liver 

(such as the Kupffer’s cells)1-8; 2) The increased penetration and accumulation of BBR 

in hepatocytes was facilitated by CTA-Mics.  

We did order NTCP antibody (PA5-80001, Thermofisher) for a better labeling of 

the hepatocytes in the liver cell suspension. However, we were informed recently 

that the antibody couldn’t be available until March 2019. We consider that the new 

results in this revised version have addressed the concern. However, if the reviewer 

insists, we could conduct the experiment when we get the antibody. 

We agree that, the expression of “BBR-CTA-Mic had preferential engagement in 

hepatocytes other than Kupffer cells, endothelial cells and stellate cells” might cause 

confusion, thus we have modified the expression in the new version. (Please see line 

288-298 in revised text, Supplementary information and Supplementary Fig. 8).  
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Supplementary Fig. 8 Liver cell distribution after BBR-CTA-Mic or BBR-S treatment C57BL/6J mice 
were treated with BBR-CTA-Mic (50mg kg-1 of BBR) or BBR-solution (50mg kg-1 of BBR) by gavage, mice 
treated with PBS were used as control. Four hours after administration, the mice were anesthetized by 
an intraperitoneal injection of 30 mg kg-1 pentobarbital. The liver tissues were harvest and liver cell 
suspension was obtained according to protocol. Then, the liver cell suspensions were stained with 
APC-conjugated rat F4/80 antibody (ab105155, Abcam, USA; or isotype control antibody 553988, BD, 
USA) for 30 min in order to evaluate BBR uptake in Kupffer cells an no-Kupffer cells (most of which are 
hepatocyte), or stained simultaneously with APC-conjugated rat F4/80 antibody and PE-conjugated rat 
CD14 (12-0141-82, Thermofisher, USA to analyze the uptake of BBR in endothelial cells. The BBR 
uptake in different cell lines was detected using flow cytometry. A. Drug uptake by kupffer cells and 
hepatocytes in liver tissue. A-a: Representative plots of Kupffer cells (F4/80+, up) and non-kupffer cells 
(most of which are hepatocytes, bottom), X-axis represents fluorescence of BBR. A-b: Histogram of 
BBR uptake by kupffer and hepatocytes; A-c: Mean fluorescent index ratio (MFI ratio vs control) of BBR 
in kupffer cells and hepatocyte. A. Drug uptake by endothelial cells and hepatocytes in liver tissue. B-a: 
Representative plots of endothelial cells (CD14+ F4/80-, bottom right) and hepatocyte (bottom left). 
B-b: Histogram of BBR uptake by endothelial cells and hepatocytes; B-c: Mean fluorescent index ratio 
(vs control) of BBR in kupffer cells and hepatocyte. 



Reviewers' Comments:  
 
Reviewer #3:  
Remarks to the Author:  
I feel that the point raised in the second round of review have been satisfactorily addressed, and 
suggest this work is suitable for publication in Nature Communications.  
 
 
 
Reviewer #4:  
Remarks to the Author:  
In the revised manuscript, the authors did some work in analyzing the distribution of BBR and 
BBR-CTA-Mic in various cell types in the liver, including hepatocytes, Kupffer cells and liver 
sinusoidal endothelial cells (LSECs). However, CD14 is a marker for macrophages and many 
monocytes, but not for LSECs. Anti-CD146 should be used.  



Reviewer #4 (Remarks to the Author): 

 

In the revised manuscript, the authors did some work in analyzing the 

distribution of BBR and BBR-CTA-Mic in various cell types in the liver, 

including hepatocytes, Kupffer cells and liver sinusoidal endothelial cells 

(LSECs). However, CD14 is a marker for macrophages and many monocytes, 

but not for LSECs. Anti-CD146 should be used. 

Answer:  Thank you very much for your valuable suggestions. We think the 

comments are highly valuable for further understanding of the BBR-CTA-Mic 

mediated selective distribution of BBR described in the manuscript. As suggested, we 

have analyzed the distribution of BBR and BBR-CTA-Mic in various cell types in the 

liver of C57 mice, including hepatocytes, Kupffer cells and liver sinusoidal endothelial 

cells (LSECs). Our results showed that the content of BBR in hepatocytes was 

improved by the CTA-Mic system while the drug taken by liver nonparenchymal cells 

(such as kupffer cells, liver sinusoidal endothelial cells, monocytes, etc) was 

decreased or not significantly interfered by the delivery system. This effect benefits 

the therapeutic effect of active BBR. CD14 was used for LSECs staining in the 

experiments, as CD14 was reported to be a surface marker for the LSECs (ref 1-9). 

However, as kupffer cells are also positive for CD14, double-staining of the 

homogenized mice liver cell suspension (mainly containing hepatocytes, kupffer cells 

and LSECs) was done with both CD14 antibody as well as F4/80 antibody (for kupffer 

cell specific marker, identical to that used in the Supplementary Fig. 8A), in which the 



CD14+F480- cells could be considered as LSECs and the CD14+F4/80+ cells as kupffer 

cells. Thus, we could identify LSECs in the cell suspension (CD14+F480- cells at the IV 

quadrant, the lower-right corner, see Supplementary Fig. 8Ba). Then, we analyzed 

the BBR level in the LSECs after gating the CD14+F480- cells. As shown in the 

Supplementary Fig. 8Bb, the CD14+F4/80- cells showed almost no uptake of BBR, in 

both BBR solution and BBR-CTA-Mic-treated mice.  

We agree that CD146 might be a better marker for the LSECs, and have 

discussed that double staining analysis might also be needed as lymphocytes cells 

are positive for CD 146 (ref 10-12). In addition, we were told by the company that it 

will take some time to get the CD146 antibody into our lab after receiving our 

purchase order. Although we consider the presented result provided reasonable 

information to address the question, we are planning to do the suggested 

experiment in the near future, aiming for detailed cell category recognition for 

Mic-CTA-BBR uptake. We have added the information in the revised manuscript. 

(Please see Line 287-292 in main text and Line 92-97, 107-119 in supplementary 

information).   
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