
Confidential: For Review Only
Identifying the factors influencing outcome in probiotic 

studies in overweight and obese patients – host or 
microbiome?

Journal: Gut

Manuscript ID gutjnl-2020-321110.R1

Article Type: Letter

Date Submitted by the 
Author: 06-Apr-2020

Complete List of Authors: Mullish, Benjamin; Imperial College London Faculty of Medicine, Division 
of Digestive Diseases
Michael, Daryn; Cultech Ltd, Research
McDonald, Julie; Imperial College London Faculty of Medicine, Division of 
Digestive Diseases; Imperial College London, MRC Centre for Molecular 
Bacteriology and Infection
Masetti, Giulia; University of Trento Department of Cellular 
Computational and Integrative Biology; Cultech Ltd, Research
Plummer, Sue; Cultech Ltd, Research
Marchesi, Julian; Imperial College London Faculty of Medicine, Division of 
Digestive Diseases; Cardiff University College of Biomedical and Life 
Sciences

Keywords: PROBIOTICS, BILE ACID METABOLISM, COLONIC MICROFLORA, 
OBESITY

 

https://mc.manuscriptcentral.com/gut

Gut



Confidential: For Review Only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 13

https://mc.manuscriptcentral.com/gut

Gut

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

Letter

1

1 Identifying the factors influencing outcome in probiotic studies in overweight and obese 

2 patients – host or microbiome?

3 Benjamin H Mullish1, Daryn R Michael2, Julie A K McDonald1,3, Giulia Masetti1,4, Sue F 

4 Plummer1, Julian R Marchesi1,5*

5

6 1. Division of Digestive Diseases, Department of Metabolism, Digestion and Reproduction, 

7 Faculty of Medicine, Imperial College London, London, United Kingdom.

8 2. Cultech Limited, Unit 2 Christchurch Road, Baglan Industrial Park, Port Talbot, United 

9 Kingdom.

10 3. MRC Centre for Molecular Bacteriology and Infection, Imperial College London, London, 

11 United Kingdom.

12 4. Department CIBIO, University of Trento, Trento, Italy‡.

13 5. School of Biosciences, Cardiff University, Cardiff, United Kingdom.

14

15 *Corresponding author.

16 ‡Current work address.

17

18 Postal address:  Prof Julian Marchesi

19   Liver Unit, 10th Floor, QEQM Wing  

20 St Mary’s Hospital Campus, Imperial College London  

21 South Wharf Road  

22 Paddington, London  

23 W2 1NY  

24 United Kingdom  

25 Email:   j.marchesi@imperial.ac.uk

26 Telephone:  +44(0)203 312 6454  

27 Fax:   +44(0)207 724 9369

28

29 Word count: 611

30

31 Keywords: probiotics; gut microbiome; bile acids; obesity

32

Page 2 of 13

https://mc.manuscriptcentral.com/gut

Gut

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

Letter

2

33 Abbreviations: rRNA ribosomal ribonucleic acid

34 LC MS liquid chromatography mass spectrometry

35 CV ANOVA coefficient of variance analysis of variance

36 OPLS-DA orthogonal partial least squares discriminant analysis

37 FXR farnesoid X receptor

38 FGF fibroblast growth factor

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Page 3 of 13

https://mc.manuscriptcentral.com/gut

Gut

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

Letter

3

65 We read with interest Rodriguez and colleagues’ study, using microbiota transfer from obese 

66 stool donors into inulin-treated hum-ob mice, to define a gut microbiome signature predicting 

67 response to prebiotic [1].  However, the impact of other microbiome-based interventions 

68 (and particularly probiotics) on weight loss in humans is highly-variable between individuals 

69 [2].  We were interested as to whether baseline gut microbiome, or aspects of host 

70 physiology, may predict weight loss during probiotic studies.  

71

72 In our recent double-blind study (ISRCTN12562026), overweight/ obese adults were 

73 randomised to either six months of Lab4P probiotic (containing lactobacilli and bifidobacteria) 

74 or placebo [3].  A higher proportion of participants receiving probiotic lost weight compared 

75 to those receiving placebo, and the extent of weight loss in the probiotic arm was greater 

76 than the placebo group [3].  We subsequently performed metataxonome and metabonome 

77 analysis on stool samples from study participants (using 16S rRNA gene sequencing and liquid 

78 chromatography-mass spectrometry (LC-MS) bile acid profiling respectively, applying 

79 established protocols [4,5]).

80

81 We observed no difference in stool microbiota alpha-diversity at baseline between 

82 participants losing weight during the study vs those who did not (Figure 1A); furthermore, no 

83 differences were observed in microbiota composition between groups at any taxonomic level.  

84 Conversely, on stool bile acid profiling, a valid supervised multivariate model could be 

85 constructed separating baseline samples from participants losing weight during the study vs 

86 those who did not (p=0.04; Figure 1B).  Discriminatory feature identification was performed 

87 via S-plot, with baseline samples from participants losing weight demonstrating enrichment 

88 in all identified sulfated bile acids compared to those not losing weight (Figure 1C).  A similar 

89 multivariate analysis compared stool bile acid profiles from baseline vs end of study from all 

90 participants losing weight during the study; a further valid supervised multivariate model 

91 could be made (p=0.01; Figure 1D), with most sulfated bile acids enriched in pre-intervention 

92 samples (Figure 1E).  Of participants taking probiotics, a much higher proportion lost weight 

93 during the study duration than did not (n=27/34 vs n=7/34 respectively).  A trend was 

94 observed towards enrichment of stool sulfated bile acids in baseline stool samples from 

95 participants in the probiotic arm subsequently losing weight vs those who did not; however, 
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96 this did not reach statistical significance (p=0.11), perhaps reflecting the relatively small 

97 number of participants not losing weight in the probiotic arm.  

98

99 Bile acid sulfation is performed in the liver by host enzymes (as a means of bile acid 

100 detoxification and elimination), while microbial sulfatases cleave -3-sulfate groups from bile 

101 acids intracolonically [6,7].  Previous rodent work has identified that probiotics suppress 

102 activity of the FXR-FGF15 axis [8]; furthermore, FXR-null mice have higher expression of the 

103 gene for the sulfation enzyme Sult2a1 and increased faecal excretion of lithocholic acid-3-

104 sulfate [9], providing a potential link between sulfated bile acids and a pathway with 

105 pleiotropic effects upon host metabolism and weight.  

106

107 We are uncertain whether sulfated faecal bile acids directly influence body weight, if they are 

108 a marker of mechanisms that do, or are a proxy of diet.  We also cannot state if this association 

109 between enriched faecal sulfated bile acids and future weight loss may suggest excessive host 

110 sulfation or reduced gut microbiota desulfation functionality in certain overweight/ obese 

111 patients; however, the latter explanation seems unlikely given the lack of baseline gut 

112 microbiota differences between groups.  

113

114 While a gut microbial signature appears to underpin future weight loss in response to 

115 prebiotics, it may be that host metabolic functions predict such changes for weight loss in 

116 probiotic studies.  Obesity is a complex, multifactorial disease, with potentially variable 

117 dominant mechanisms in different individuals; it is feasible that any benefit of microbial 

118 interventions may be mediated via their impact upon aberrant host physiology, rather than 

119 purely amelioration of gut microbiome perturbation.  

120
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122 regarding the material in this letter and technical support.
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139 Figure legends:

140

141 Figure 1:  Effect of probiotics upon stool microbiome and bile acid profiles in patients losing 

142 weight.  A:  Shannon diversity index of baseline samples from participants losing weight 

143 (n=41) vs those not losing weight (n=19) during the study (as assessed from 16S rRNA gene 

144 profiling of stool samples; student’s t-test); B:  Orthogonal partial least squares discriminant 

145 analysis (OPLS-DA) of stool bile acid profiles (assessed via LC-MS) of baseline samples from 

146 participants losing weight vs those not losing weight; C: S-plot from OPLS-DA in 1B, with all 

147 assayed sulfated bile acids clustering on the left of the plot, consistent with their enrichment 

148 in baseline stool samples from those participants losing weight during the study; D: OPLS-DA 

149 of stool bile acid profiles of baseline vs end of study samples from those participants losing 

150 weight during the study (n=41 in both groups); E: S-plot from OPLS-DA in 1D, with most 

151 assayed sulfated bile acids clustering on the left of the plot, consistent with their enrichment 

152 in baseline (compared to end of study) stool samples from those participants losing weight 

153 during the study.
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90 participants losing weight during the study; a further valid supervised multivariate model 
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92 samples (Figure 1E).  Of participants taking probiotics, a much higher proportion lost weight 
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139 Figure legends:

140

141 Figure 1:  Effect of probiotics upon stool microbiome and bile acid profiles in patients losing 

142 weight.  A:  Shannon diversity index of baseline samples from participants losing weight 

143 (n=41) vs those not losing weight (n=19) during the study (as assessed from 16S rRNA gene 

144 profiling of stool samples; student’s t-test); B:  Orthogonal partial least squares discriminant 

145 analysis (OPLS-DA) of stool bile acid profiles (assessed via LC-MS) of baseline samples from 

146 participants losing weight vs those not losing weight; C: S-plot from OPLS-DA in 1B, with all 

147 assayed sulfated bile acids clustering on the left of the plot, consistent with their enrichment 

148 in baseline stool samples from those participants losing weight during the study; D: OPLS-DA 

149 of stool bile acid profiles of baseline vs end of study samples from those participants losing 

150 weight during the study (n=41 in both groups); E: S-plot from OPLS-DA in 1D, with most 

151 assayed sulfated bile acids clustering on the left of the plot, consistent with their enrichment 

152 in baseline (compared to end of study) stool samples from those participants losing weight 

153 during the study.
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