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106 

In vitro  107 

RAW264 murine macrophage and L929 murine fibroblast cell lines were obtained from the 108 

Cell Culture Unit of the University of Granada (Granada, Spain) and cultured in standard 109 

conditions. Bone marrowderived macrophages (BMDM) were obtained from the bonemarrow 110 

of C57BL/6J mice cultured for 6 days in DMEM supplemented with 20% FBS and 30% L929111 

supernatant containing MCSF factor. Cells were plated at 1x106 cells/ml and the drugs were 112 

added for 24h before stimulation with LPS (100 ng/ml for RAW cells or 10 ng/ml for BMDM) 113 

for either 3h for RNA isolation, or 24h for cytokine determination by ELISA (PeproTech EC 114 

Ltd, London, UK) or nitrite determination by Griess assay (Green et al., 1982). Briefly, for 115 

nitrite determination, 100µl of Griess reagent (0.1 % N(1naphthy) ethylenediamine solution 116 

and 1% sulphanilamide in 5% (v/v) phosphoric acid solution, mixed in a proportion 1:1) was 117 

added to 100µl of cell supernatant and incubated for 10 minutes. The concentration of the 118 

product of the reaction, a coloured azolic compound, can be determined by photometric 119 

measurement of the absorbance at 550 nm. Cell viability of tested conditions was measured by 120 

the MTSbased assay (Promega, Madison, WI, USA).   121 

In vivo  122 

All animal studies were carried out in accordance with the ‘Guide for the Care and Use of 123 

Laboratory Animals’ as promulgated by the National Institute of Health. Animal studies are 124 

reported in compliance with the ARRIVE guidelines (Kilkenny et al., 2010; McGrath and 125 

Lilley, 2015). Male C57BL/6J mice (68 weeks, 25 g) were obtained from Janvier (St Berthevin 126 

Cedex, France) and kept in specific pathogen–free facilities at University of Granada Biological 127 

Services Unit at 23 ± 1°C, with a relative humidity of 50–70% andon a regular 12 h dark/light 128 

cycle. Mice were housed in Makrolom cages (Ehret, Emmerdingen, Germany), with a maximum 129 

of 8 mice per cage, with dust‐free laboratory bedding and enrichment. They were fed standard 130 

chow diet (Panlab A04, Panlab, Barcelona, Spain) and provided drinking water ad libitum.  131 

To investigate the mechanism behind the beneficial activity previously reported for 132 

tetracyclines (GarridoMesa et al., 2011a, 2011b, 2015) and, in particular, to characterize their 133 

impact on the pathways involved in the initiation and resolution of acute intestinal 134 

inflammation, we focused on the experimental model of colitis triggered by DSSinduced 135 

mucosal injury, the most widely used model of acute colitis (Wirtz et al., 2007). A curative 136 

treatment protocol was used considering the lack of preventive effect observed in previous 137 

studies (GarridoMesa et al., 2011a) and taking in consideration the limitations on antibiotic 138 

usage in the clinical practise. Colitis was induced by adding DSS (3% w/v) (3650KDa, MP 139 
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Figure 1: Comparative study of the effects of rifaximin (RFX), tetracycline (TTC), doxycycline (DXC), 
minocycline (MNC), tigecycline (TGC) and dexamethasone (DEX) on MΦ activity in vitro. A) Nitrite 

production by LPS,stimulated RAW 264 MΦs. Cells were incubated with the different treatments at the 

indicated concentrations for 24h and then stimulated with LPS (100 ng/ml) for 24h. Nitrite concentration in 
the culture supernatant was measured by the Griess Assay. Data is expressed as mean ± SEM (n=6). B) 

Inos mRNA expression quantified by real,time PCR and C,E)  Cytokine concentration in the culture 
supernatant quantified by ELISA, in LPS,stimulated (10 ng/ml) BMDM after 24h of pre,incubation with the 

different treatments (25µM). Data expressed as mean ± SEM (n=6). Fold increase is calculated vs. 
unstimulated untreated cells. *P<0.05 vs. stimulated untreated cells.  
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Figure 6: Evaluation of the effects of 2 days of minocycline treatment on the immune response in DSS�colitic 
mice. NC: Non�colitic group, DSS: DSS�colitic group, MNC: minocycline�treated colitic group. A) % of the 

indicated immune cell populations in the blood of the different experimental groups. B) Analysis of immune 
cell populations in the cLP of the different experimental groups. Absolute cell numbers of B cells (B220+), 

CD4+T cells (CD3+), Tregs (CD3+CD4+FoxP3+), neutrophils (Ly6G+) and Ly6C+MHCII� Mφs. Scatter plots 
represent individual values (dots) and mean ± SEM. C) colon mRNA expression quantified by real�time PCR. 

Fold increase calculated vs. NC group. D) Cytokine concentration in the supernatant of colonic explant 
cultures quantified by ELISA.  Boxes graph represents ±SEM range, median (middle line) and extreme 

values (whiskers) (n=5). *P<0.05 vs. DSS control group, #P>0.05 vs NC control group.  
 

177x144mm (150 x 150 DPI)  

�

�

Page 38 of 49

British Pharmacological Society

British Journal of Pharmacology



For Peer Review

��

�

�

��������	�
��
������������������������������������������
����������������������������������������������
�����
��������������������

������������������ ���������
����������

�!������������������������"��� �#��"����
����
#������$��
%�����������&������ ���������
�������'���
��
�����(���������������������������(��������(
��)��

*+	�*�����
��������������	�������
����������'�%*+	��������
��������������
�����������#,-���./�.���#�0����
1��2����
�����
���������������
��������������������!����������� �
��'������������
�����(
���#�- �

����������������������������������������������������������������������������������(��������(
��3���1� ���
�������������������
%������'��������#����
��
���������� ��������
����#!���/������+��4���������������
�!�

�������������
�������������
������+��,5���

������6�����������������������������

�����
�������!����������
+��,5���

�����������������(
�������*+'���������%*+����������������
�����������������������
���
����#������

���������$��
%��#�0�'������07���869-�-,���������������
������'�:6;-�-,����*+�������
���������
�

)-& )7)���#),-� �),-��6"���

Page 39 of 49

British Pharmacological Society

British Journal of Pharmacology



For Peer Review

�

�

Page 40 of 49

British Pharmacological Society

British Journal of Pharmacology



For Peer Review

��

�

�

Figure 8: Evaluation of the effects of 4 days of minocycline treatment on the cLP immune response during 
DSS colitis. NC: Non!colitic group, DSS: DSS!colitic group, MNC: minocycline!treated colitic group (50 

mg/kg/d) (n=7, DSS n=6). A) Representative flow cytometry analysis of live cells from the cLP showing the 

CD11b+ and CD45+ cell populations. B) Absolute cell numbers of immune cells (CD45+) and 
CD45+CD11b+ myeloid cells. C) Representative flow cytometry analysis of CD11b+ cells from the cLP 

showing the Ly6G+ and SiglecF+ populations. D) Absolute cell numbers of: neutrophils (Ly6G+), eosinophils 
(SiglecF+) and myeloid monocytic cells (CD11b+ Ly6G! SiglecF! SSClo). E) Total number of MΦs 

(CD11b+Ly6G!SSCloF4/80+ cells) F) Representative flow cytometry plots showing showing the expression 
of Ly6G and MHCII by MΦs from the cLP and illustrating the monocyte!MΦ waterfall. G) Percentage (left) 

and absolute cell numbers (right) of: Inflammatory MΦs (Ly6C+MHCII! cells), Intermediate MΦ population 
(Ly6C+MHCII+ cells) and Resident intestinal MΦs (Ly6C!MHCII+ cells). H) Absolute cell numbers of DCs 

(Ly6G!SSCloF4/80!CD11chiMHCII+) and percentage of CD11b+CD103+ DCs. I) Representative flow 
cytometry analysis of DCs from the cLP showing the expression of CD103 and CD11b. Scatter plots 

represent individual values (dots) and mean ± SEM. *P<0.05 vs. DSS control group, #P>0.05 vs NC control 

group.  
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Dear Dr Garrido Mesa, 

 

 

Re 2018-BJP-0110-RP.R1: "Immunomodulatory tetracyclines shape the intestinal 

inflammatory response inducing mucosal healing and resolution." 

 

Your revised paper has been seen by an editor and expert referees. I enclose below the 

comments received that set out a number of additional points which will need your 

attention before we can consider the submission further. I would urge you to give 

these points your careful attention. 

 

I hope that you will be prepared to make the necessary amendments and submit a 

revised manuscript within three months. This should be accompanied by a statement 

of how you have responded to the criticisms raised, preferably numbered point by 

point. Should you decide that you do not wish to submit a revised manuscript to BJP, 

please contact the Editorial Office so we may withdraw your manuscript from the 

system. 

 

Please highlight the changes to your manuscript within the document by using the 

track changes mode in MS Word or by using bold or colored text. Please read the 

author instructions carefully prior to re-submission. 

 

Please DO NOT upload your revised manuscript as a new submission. To revise your 

submitted manuscript, log into https://mc.manuscriptcentral.com/bjp and enter your 

Author Centre, where you will find your manuscript title listed under "Manuscripts 

with Decisions."  Under "Actions" click on "Create a Revision".  Your manuscript 

number will be appended to denote the revision. 

 

Although the journal is online-only, authors will still be able to order reprints of their 

own articles. To order reprints, please use the following email 

address: offprint@cosprinters.com. You should supply the journal and article title 

name, preferably with a URL link to the published manuscript. 

 

Colour in the British Journal of Pharmacology is free; where appropriate, please 

consider submitting your figures in colour. You can also refer to 

 

 

Thank you for submitting your work to the British Journal of Pharmacology. 

 

Yours sincerely, 

 

 

Dr Mark Giembycz 

 

Senior Editor, British Journal of Pharmacology 

giembycz@ucalgary.ca 
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Senior Editor 

 

The sample sizes in Table 4 must be at least N = 5. Please revise. 

The authors must also provide clinical significance for their findings as suggested by 

reviewer 3. 

The role of gut microbiota that is also raised by reviewer 3 must be addressed. 

 

Comments to the Author 

One of the referees has serious doubts about the clinical significance of the study. 

Please address this issue in any revision. 

 

 

Dear Dr. Giembycz 
 
The data presented in table 4 was obtained in the same pyrosequencing analysis as 
the results showed in Figure 5. As we mentioned in more detail in our previous 

response to reviewers comments concerning sample size: Due to technical problems 
(no amplification in some samples) and loss of sample recovery, particularly in the 
groups with lower or no therapeutic effect (owing to the diarrheic process), we could 
only reach n=4. Therefore, beside the most relevant groups of the study have an n≥5 
(untreated controls and the tree groups treated with immunomodulatory 
tetracyclines), to comply with the guidance of BJP, the statistical analysis is not 
shown for the microbial data (figure 4 and 5). This was mentioned in the text (lines 
232-235). We apologise for the reduced N in these groups, but even though we tried 
to sequence again some of the samples that did not amplify, we got the same lack of 
result. Please also consider the fact that many researchers find the same difficulties 
and have to report reduced sample size in these studies (Yuksel et al., 2015; Kim et 
al., 2017; Shin et al., 2017).  
  
Please find bellow our response to the concerns raised by reviewer 3 concerning the 

clinical relevance of the study and the role of intestinal microbiota. Some of these 
questions were already answered in the response to reviewers 1 and 2, and 
modifications were already included in the previous version of the manuscript 
regarding these topics (red coloured text). We have now included additional changes 
in the manuscript in order to emphasize the clinical relevance of our findings and set 
the microbial studies in the context of the role of the microbiota in these conditions 
(new modifications highlighted in yellow). However, despite the interesting role of 
dysbiosis and antibiotics in the aethiology of IBD (well known), antibiotics have been 
long used, and they are still used, to treat IBD without published record of a negative 
impact on the course of the disease. On this ground, here we proposed a curative 
treatment (once disease is established) and our results indicate that the impact of 
tetracyclines on the microbiota does not have a major contribution to their effect, 
whereas the novel immunomodulatory mechanism described here does it. 
Therefore, while we have extensively answered below to reviewer 3, we believe that 

these novel findings should be the focus of the discussion and the manuscript. May 
you consider appropriate to include any additional comment, please let us know and 
we will undertake the suggested amendments.   
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Reviewers' Comments to Author: 

Reviewer: 2 

Comments to the Author 

Dear Authors, 

The revised manuscript represents the contents and the discussion points well. The 
point-to-point response to the reviewers' comments are concise and clear. 

 

Reviewer: 3 

Comments to the Author 

This manuscript is of good quality, well written and I have no specific complaints on 

the methodology. However, one limitation of the scientific proposal is the lack of a 

clinical view of this approach. There is no mention about the impact of tetracycline 

treatment on gut microbiota. The microbiota is one of the most important regulators 

of gut homeostasis, and its alteration has been linked to IBD triggering and 

perpetuation in humans. The immunomodulatory effect of tetracycline (already 

known) appears very limited without a look at what happens on microbiota today. It is 

a good manuscript, but lacking of a more modern view of IBD treatments, and in this 
form remains a an end in itself. 

 

We completely agree with the reviewer about the relevance of the microbiota in 
intestinal inflammatory conditions. This was indeed one of the reasons why we 

performed a comparative study including different antibiotics (figures 2-5). We did 
not only evaluate their intestinal anti-inflammatory effect here, but we specifically 
assessed the impact of the treatments in the microbiota composition (shown in table 
4 and figure 5). These studies showed that the impact exerted on the microbiota 
composition by all the antibiotics tested was very similar, while only those with 
immunomodulatory properties ameliorated the inflammatory response, suggesting 
that the immunomodulatory effect is significantly more relevant than the antibiotic 
one. Therefore, this study encourages and provides the scientific support for the 
development and evaluation of tetracycline-based molecules, devoid of antibiotic 
properties but retaining the immunomodulatory potential leading to the activity 
described here for the first time. This was discussed in lines 404-407, 478-481, 508-
517 and 529-535 of the manuscript (new modifications highlighted in yellow, 
previous modifications in red text) 

 

We are well aware of the epidemiological reports that associated antibiotic intake 
and IBD development, i.e. (Shaw et al., 2011; Ungaro et al., 2014). But as the most 
recent studies have determined, the disruption cause by antibiotics leading to IBD is 
particularly relevant earlier in life (Miyoshi et al., 2017; Aniwan et al., 2018; Örtqvist 
et al., 2018), not as an immediate trigger. This indicates that the cause-effect 
relationship is not only the microbial dysbiosis, but also the impact on the 
development of the immune system (Schulfer et al., 2018). But it is obvious that 
antibiotics play a role, we are not denying that, and we do find this field interesting 

Page 45 of 49

British Pharmacological Society

British Journal of Pharmacology



For Peer Review

and relevant for consideration. However, this association does not apply to our study 
and the proposed clinical applications for several reasons:   

1)� We are not suggesting the use of antibiotics in patients without IBD or even 
as a preventive treatment in IBD patients before the development of an 
inflammatory flare, but as a curative short-term treatment. This is also based 
on a previous report describing that, when taken in a preventative manner, 
no significant differences were observed in between untreated and 
minocycline-treated mice, suggesting that the modification of the microbiota 
in this case had no deleterious effects, neither beneficial (Garrido-Mesa et al., 

2011a).  
2)� For the application suggested here, it is interesting to note the lack of reports 

describing that antibiotic intake by IBD patients is linked to a perpetuation of 
the disease (we couldn’t find any at least). Considering the availability of 
studies describing the role of antibiotics in the aetiology of IBD (some 
referenced above) but the lack of the others, it seems that once the 
pathology/susceptibility has been developed, microbial disruption by 
antibiotics may not have such an important impact. Indeed, antibiotics have 
been long used in IBD, so it is likely that a deterioration of the pathology 
would have already been described. So clinicians still consider antibiotics 
among the therapeutic arsenal for IBD and there are even clinical trials 
including antibiotics due to their antibiotic properties, and tetracyclines in 

particular: 
https://clinicaltrials.gov/ct2/show/NCT02606032?term=doxycycline&cond=IB
D&rank=4;https://clinicaltrials.gov/ct2/show/NCT02033408?term=doxycyclin
e&cond=IBD&rank=1;https://clinicaltrials.gov/ct2/show/NCT01783106?term
=doxycycline+AND+Antibiotics&rank=3. Therefore, antibiotics are used by 
clinitians despite the aetiological association and, on this ground, 
immunomodulatory tetracyclines could provide a therapeutic advantage over 
other antibiotics. As a short-term treatment (3-7 days), these drugs could 
push the on-going inflammation down a resolution pathway that could be 
maintained with “microbiota-friendly” drugs such as probiotics, a therapeutic 
combination that we previously reported to be effective in relapsing 
experimental colitis (Garrido-Mesa et al., 2011b, 2015). Also take in 
consideration that the potential benefit of the activity described here should 
not only be limited to IBD, but also to other intestinal inflammatory 

conditions. 
3)� Having said that, we do share the reviewers concern about the adverse 

effects of the antibiotic action of tetracyclines, even when given 
therapeutically and not for a long-period. But no drug is devoid of adverse 
effects, so this should not be a limitation for its evaluation, but further 
encourage studies in order to improve it. Especially when the therapeutic 
option has proved added interest, as this and previous reports do. Following 
on from the results obtained here (it is not our intention for this report to 
remain as an end in itself), we have initiated the evaluation of one 
chemically-modified tetracycline provided by Galderma, which we hope will 
retain the anti-inflammatory mechanisms described here without the 
disadvantage of the antibiotic activity. These compounds are currently being 
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evaluated in clinical trials for their potential to inhibit metastasis. 
Additionally, we have also initiated studies to determine the functional role 

of the microbiota changes observed here. We have started with faecal 
transference experiments, giving microbiota derived from NC, DSS and MNC 
groups (similar setting used in this study) to recipient mice and evaluating the 
differential susceptibility to DSS colitis. We observed that mice receiving 
microbiota derived from NC and MNC groups showed slightly reduced 
susceptibility than the mice receiving DSS faecal contents. These results are 
too preliminary and we need to further characterised and confirm these 
results, but it is at least encouraging since we did not observed a negative 
impact.   
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We have further discussed the impact of the microbiota and the possible 
implications in the revised version of the manuscript (lines 136-139 and 500-507, in 
addition to previously related comments in lines 404-407, 478-481, 508-517 and 529-
535), but please note that these are not the most interesting results of the study and, 
therefore, should not be the focus of the manuscript.  

 

Regarding the clinical relevance, it is evident that our studies are preclinical, and the 
relevance and clinical significance of these findings will have to be assessed in the 
appropriate clinical studies. However, from a pharmacological point of view, we 
believe that the results of our study, and the potential of the novel mechanism 
described here, encourage to continue with this line of research. Although the 
presence of immunomodulatory effects on tetracyclines has previously been 
reported, their ability to potentiate a protective innate response has never been 
described before until now. Indeed, our findings align with the more modern view of 
IBD pathology: considering how our understanding has evolved in recent years, and 
the key role that we now know defects in innate immunity and mucosal barrier play 
in IBD pathogenesis, the development and study of new therapeutic approaches that 
aim at restoring these protective mechanisms is the next logical approach in IBD.  

As commented in the manuscript, the fact that these drugs are already approved and 
have been safely used in clinical practice for over 40 years is of key relevance for any 

human translational studies. It is also relevant to mention their evaluation and used 
in non-infectious pathologies (Garrido-Mesa et al., 2013) and, in fact, there are 
numerous clinical trials testing these drugs (255 for minocycline, 295 for doxycycline 
and 68 for tigecycline), not only in infectious conditions (https://clinicaltrials.gov/). 
Having these antibiotics proved clinical relevance besides their antibiotic properties 
previously, it is reasonable to believe they can also be repurposed for other 
pathologies in the future, and we hope this report will contribute to draw the 
attention of clinicians and pharmaceutical companies into the potential of the 
mechanism described here. Unfortunately, it is not in our hands to initiate the 
required clinical trials, but to provide scientific base for others to carry on with this 
therapeutic opportunity. 

We have modified the manuscript to include some the comments mentioned above 
to emphasise the clinical relevance of our findings and to show how this therapeutic 
option could impact IBD therapy (new modifications included in lines 492-495 and 
527-529, in addition to previously related comments in lines 35-36, 71-77, 399-404, 
414-422, 481-492, 495-499, 513-524 and 536-545).  
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