
431

Journal of Crohn's and Colitis, 2018, 431–441
doi:10.1093/ecco-jcc/jjy186

Advance Access publication November 12, 2018
Original Article

Copyright © 2018 European Crohn’s and Colitis Organisation (ECCO). Published by Oxford University Press. All rights reserved.  
For permissions, please email: journals.permissions@oup.com

Original Article

The Profile of Human Milk Metabolome, 
Cytokines, and Antibodies in Inflammatory 
Bowel Diseases Versus Healthy Mothers, and 
Potential Impact on the Newborn
Xuanyi Meng,a,b Garett Dunsmore,c Petya Koleva,a  
Yesmine Elloumi,d Richard You Wu,e Reed Taylor Sutton,d,  
Lindsy Ambrosio,d Naomi Hotte,d Vivian Nguyen,d  
Karen L. Madsen,d Levinus A. Dieleman,d Hongbing Chen,b 
Vivian Huang,d,f Shokrollah Elahia,c,

aDepartment of Dentistry, University of Alberta, Edmonton, AB, Canada bState Key Laboratory of Food Science 
and Technology, Nanchang University. Nanchang, China cDepartment of Medical Microbiology and Immunology, 
University of Alberta, Edmonton, AB, Canada dDivision of Gastroenterology, University of Alberta, AB, Canada 
eFaculty of Medicine, University of Toronto, Toronto, ON, Canada fDivision of Gastroenterology, University of Toronto, 
Mount Sinai Hospital, Toronto, ON, Canada

Corresponding author: Shokrollah Elahi, PhD, 7020L, Katz Group Centre for Pharmacology and Health Research, 11361-87th 
Ave NW, Edmonton, AB, T6G2E1, Canada. Tel.: 780-492-1336; fax: 780-492-7466; email: elahi@ualberta.ca.

Abstract

Background and Aims: For women with inflammatory bowel disease [IBD], it is not very well 
known how IBD or IBD treatment affects their breast milk components. We aimed to investigate 
whether breast milk composition differs in healthy control [HC] versus IBD mothers in terms of 
antibodies, cytokines, and metabolite,s to identify potential impact of IBD breast milk on neonatal 
immune system.
Methods: Breast milk specimens from HC [n = 17] and IBD [n = 31 for Crohn’s disease [CD]; and 
n = 41 for ulcerative colitis [UC]; were collected at 3 and 6 months postpartum [PP3] and [PP6], 
respectively. Faecal samples were also collected. Cytokines and immunoglobulins [IgA/IgG/IgE] 
were analysed by multiplex Meso Scale Discovery [MSD] and commercial kits. Moreover, breast 
milk metabolites were analysed by 1H nuclear magnetic resonance [NMR].
Results: We found that breast milk from IBD mothers showed significantly lower levels of IgA, 
sugar metabolite [lactose], and 2-aminobutyrate. In contrast, we observed that breast milk 
from mothers with IBD had increased levels of pro-inflammatory cytokines and higher energy 
metabolites [lactate and succinate] than milk from healthy mothers. In addition, we noticed that 
the type of treatment [5-aminosalicylic acid versus biologics] influenced the milk cytokines and 
metabolites profile.
Conclusions: The reduction in immunoprotective components of IBD breast milk such as sIgA 
and lactose theoretically may modulate the potential protective effects of breastfeeding. On the 
other hand, presence of higher levels of pro-inflammatory cytokines, lactate, and succinate may 
predispose the offspring to an inflammatory condition or impact on the gut microbiome. Better 
understanding of the role of succinate in infants and its potential effects on microbiome or mucosal 
immunity merits further investigations.
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1. Introduction

Inflammatory bowel disease [IBD] is categorised into Crohn’s disease 
[CD] and ulcerative colitis [UC], with complex aetiology.1 Although 
the cause of IBD is not fully understood, genetic susceptibility, envir-
onmental factors, and more importantly dysbiosis of gut microbi-
ome, are contributing factors in IBD pathogenesis.2,3 Both disorders 
are associated with significant morbidity and have enormous impact 
on patients’ quality of life and their ability to function, which high-
lights the need for better understanding of the disease pathogenesis.

Many women with IBD are in the peak of their reproductive 
years and they are likely to go through pregnancy and childbirth 
during their illness.4 To achieve good pregnancy outcome, women 
with IBD who are planning to get pregnant or are pregnant must 
be treated and monitored using a multidisciplinary approach that 
involves gastroenterologists, obstetricians, and dietitians who spe-
cialise in high-risk pregnancies.

However, the impact of IBD itself or medications to treat IBD on 
the growing fetus and the newborn is not fully understood. Thus, 
selection of safe and effective medications for IBD mothers during 
pregnancy and nursing is very crucial for both the mother and the 
offspring. As there is a risk of continued disease activity or flare of 
disease in the postpartum period, mothers are advised to continue 
medications in the breastfeeding period [the Toronto Consensus 
Guidelines]. Currently, a wide range of biological medications, 
immunosuppressants, and corticosteroid drugs are used to treat IBD 
and are considered low-risk throughout pregnancy and breastfeed-
ing.6–9 However, some of the medications used to manage IBD merit 
further investigations for their safety during preconception, preg-
nancy, and lactation. Due to the strong evidence that active IBD 
increases the likelihood of adverse pregnancy outcomes, therapeutic 
interventions during pregnancy are still considered as the primary 
option for protecting both mother and fetus.10,11 One of the major 
concerns for parents with IBD is the possible impact of IBD and its 
medications on the growing fetus and breastfed infant. A large body 
of evidence supports the protective role of breastfeeding against IBD 
by influencing offspring gut microbiome establishment and develop-
ment of the innate mucosal immunity.12,13

Human breast milk is enriched with bioactive substances includ-
ing proteins, peptides, carbohydrates, lipids, and other immune or 
non-immune metabolites which play crucial roles not only in provid-
ing passive immunity, but also in shaping the formation of neonatal 
immune system.14 A  complex network of cytokines and immuno-
globulins in human milk play a significant role in compensating for 
the developmental delay of the neonatal immune system and in pre-
venting the occurrence of immune-mediated diseases.15,16 Cytokines 
and antibodies in human breast milk have been shown to differ, 
depending on various factors. This includes the mother’s immune 
status and the metabolite components which come from both ma-
ternal blood and de novo synthesis in the mammary glands, with 
potential consequences on the infant’s health.17,18 In agreement, we 
have shown that immunisation during pregnancy results in induc-
tion of a substantial levels of antibodies and cytokines, which are 
not only detectable in the serum of mothers but also transferable via 
milk to the offspring.19,20 The biological and metabolite components 
of milk can modulate the immune system of the newborn, and there-
fore the excretion levels of cytokines or medications in milk should 
be taken into consideration for breastfeeding. Multiple studies have 

investigated the presence of different levels of medications in breast 
milk of IBD patients and their potential impacts on infants born to 
these mothers.21,22 However, to our knowledge, no comprehensive 
report on quantitative analysis of milk metabolites in IBD versus 
healthy subjects exists. Thus, in this study we have investigated 
metabolic profile, cytokines, and antibody levels in healthy versus 
IBD subjects at 3 and 6 months postpartum. In addition, fecal cal-
protectin in infants [delivery, PP3, PP6, and PP12] and mothers [PP3, 
PP6, and PP12] was quantified. Therefore, the objective of this study 
was to establish possible relationships between metabolite compos-
ition and immune profiling [cytokines and antibodies] in breast milk 
from healthy versus IBD mothers.

2. Material and Methods

2.1. Study population
Human breast milk was collected from healthy or IBD adult women 
at 3 and 6 months postpartum [PP3 and PP6]. Samples were pro-
cessed and kept frozen until use. The appropriate institutional 
review boards at the University of Alberta approved the studies 
[Pro00056685]. All study participants gave written informed con-
sent to participate in this study [Table 1].

2.2. Antibody [IgA/IgG/IgE] measurement
IgA [assay range: 1.03–750 ng/mL], IgG [assay range: 0.69–500 ng/
mL], and IgE [assay range: 0.69–500 ng/mL] levels were separately 
quantified in human breast milk, using an ELISA kit and following the 
manufacturer’s instructions [Bethyl Laboratories, Montgomery, USA].

2.3. Cytokines quantification
A total of 89 human breast samples were assayed using the V-PLEX 
proinflammatory Panel 1 human kit [Meso Scale Discovery [MSD]], 
cytokines panel 1 human kit [MSD], and Th17 panel human kit [MSD], 
according to the manufacturer’s instructions. These kits are highly sen-
sitive multiplex enzyme-linked immunosorbent assays [ELISA] for 
quantitatively measuring cytokine levels including interferon γ [IFN-
γ], interleukin [IL]-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, 
tumour necrosis factor α [TNF-α], IL-17, IL-21, IL-22, IL-23, IL-27, 
IL-1α, IL-5, and IL-12p40 from a small sample volume [25  μL], 
using an electrochemiluminescent detection method. All the test sam-
ples were analysed in duplicate, and the data were acquired using a 
SECTOR S 6000 plate reader [MSD]. The mean concentration of each 
cytokine was expressed as pg/mL. By using these kits, the minimum 
detectable concentrations of IFN-γ, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, 
IL-12p70, IL-13, TNF-α, IL-17, IL-21, IL-22, IL-23, IL-27, IL-1α, IL-5, 
and IL-12p40 were 0.20, 0.04, 0.09, 0.02, 0.06, 0.04, 0.03, 0.11, 0.24, 
0.04, 5.86, 1.65, 2.78, 4.55, 38.7, 0.09, 0.22, and 0.39 pg/mL, respect-
ively. Moreover, concentrations of human breast milk TGF-β1 levels 
were measured using Duoset ELISA Development Systems [R&D 
Systems] according to the manufacturer’s instructions.

2.4. Nuclear magnetic resonance analysis
Breast milk samples were prepared for nuclear magnetic resonance 
[NMR] analysis by removing them from -80°C storage and defrost-
ing at room temperature. Each sample [450  μL] was centrifuged 
at 11 000  rpm for 25 min at room temperature, and the aqueous 
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top layer carefully removed and filtered through a 3-kDa molecular 
weight cut-off filter [Amicon Ultra-0.5; Millipore] composed of low-
protein-binding regenerated cellulose, to remove lipids and proteins. 
The 160 μL supernatant was transferred to a fresh Eppendorf tube 
after centrifugation, and 40 μL of internal standard buffer containing 
250 mM phosphate buffer with 5.0 mM [4-dimethyl-4-silapentane-
1-sulfonic acid] DSS and 10% D2O were added. Then the mixture 
was vortexed and centrifuged at 10 000 rpm for 5 min at 4°C, fol-
lowed by gently transferring the solution into a 3-mm Bruker NMR 
tube and sorting it at 4°C until NMR acquisition [within 24 h of 
sample preparation]. The resulting1H–NMR spectra were processed 
and analysed using the Chenomx NMR Suite Professional software 
package [version 7.6, Chenomx Inc., Edmonton, AB, Canada], 
which allows for qualitative and quantitative analysis of NMR spec-
tra by manually fitting spectral signatures using an internal database. 
Before spectral analysis, the singlet produced by DSS was used as an 
internal standard for both chemical shift referencing [set to 0 ppm] 
and for metabolite quantification.

2.4.1. Faecal calprotectin measurement
The frozen faecal samples were collected from infants/mothers and 
processed using a CALEX Cap Stool Extraction Device. Then the 
faecal calprotectin [FCP] concentration was measured using an 
fCAL ELISA Calprotectin kit [Bühlmann Laboratories AG].

2.5. Statistical analysis
Statistical analyses were performed using GraphPad Prism Software, 
version 7.0. All the data were expressed as mean ± standard error 
of the mean [SEM] of the corresponding parameter. To detect dif-
ferences between treated and control groups, Student’s t test was 
applied. Two-way analysis of variance [ANOVA], followed by 
Tukey’s test for multiple comparisons, were performed to check for 
significant differences when more than two groups were compared.

3. Results

3.1. Lower IgA antibody in breast milk of IBD 
compared with healthy mothers
To determine if there were differences in the immunoglobulin lev-
els in the breast milk of IBD versus healthy mothers, we measured 
breast milk IgA, IgG, and IgE levels by ELISA. Breast milk samples 

from 14 healthy mothers [7 PP3, 7 PP6], 11 mothers with CD [5 
PP3, 6 PP6], and 18 mothers with UC [11 PP3, 7 PP6] were used 
for these studies. Compared with healthy mothers, IgA content was 
reduced in mothers with UC at PP3 [p = 0.0104] and PP6 [p = 0.029] 
[Figure 1A]. Similarly, IgA content was decreased at PP3 in CD moth-
ers [p = 0.018], and this decrease persisted at PP6 [p = 0.0307] when 
compared with healthy mothers [Figure 1A]. In contrast, no differ-
ences were observed in IgG and IgE contents between the groups, 
irrespective of PP3 or PP6 [Figure 1B, C].

3.2. No significant difference in pro-inflammatory 
cytokines in breast milk from mothers with IBD 
compared with healthy mothers
The role of cytokines in initiation, progression, and resolution of 
IBD is well documented.23 We have previously shown that the pas-
sive transfer of maternal cytokines may modulate the immune system 
of the newborn,20 and we therefore aimed to measure the levels of 
pro- and anti-inflammatory cytokines in the breast milk of IBD versus 
healthy mothers. As shown in Figure 2, the cytokine levels were posi-
tive [above the detection threshold] in 76.7% of cases for IL-10 and 
IL-17, and in 41.9% for IL-21. The other cytokine quantifications 
were positive in at least 86% of the samples. No statistically 
significant differences in cytokines were observed between groups 
due to heterogeneity of human subjects; however, as expected, the 
pro-inflammatory cytokines such as IFN-γ, IL-1α, IL-6, IL-17, IL-21, 
and IL-12 exhibited a higher trend in IBD versus healthy mothers at 
PP3 [Figure 2A]. Similarly, we noted that IFN-γ, IL-1α, and IL-6 were 
higher in CD patients, whereas IL-1, IL-6, IL-21, IL-23 appeared to 
be elevated in UC compared to healthy mothers at PP6 [Figure 2B]. 
In contrast, IBD patients’ breast milk appeared to have lower levels 
of anti-inflammatory cytokines [TGF-β1 and IL-10] when compared 
with healthy mothers at both PP3 and PP6 time points, but this differ-
ence was not significant [Figure 2A and B]. Moreover, we found that 
the breast milk from IBD patients seemed to have lower Th2-related 
cytokines, such as IL-4 and IL-13, compared with healthy mothers at 
both time points, but without any significant difference [Figure 2C 
and D]. Taken together, these results suggest although no significant 
differences were identified in cytokine levels between healthy and 
IBD status, mothers with IBD showed an increasing trend for pro-
inflammatory cytokines and decreasing trend for anti-inflammatory 
cytokines at both PP3 than PP6.

Table 1. Study participants’ information.

Disease type Ulcerative colitis [n = 41]

Medication group No medication
[n = 2]

5-ASA
[n = 15]

Imuran
[n = 4]

Biologics
[n = 16]

Topical
[n = 4]

Gestation [weeks] 38.93 39.17 35.68 39.55 39.89
% C-section 100 [2] 27 [4] 50 [2] 31 [5] 75 [3]
% Anti-TNF 0 0 0 75 [12] 0
% Anti-integrin 0 0 0 25 [4] 0
% Monotherapy 0 0 0 63 [10] 0

Disease type Crohn’s disease [n = 31]

Medication group No medication
[n = 3]

5-ASA
[n = 3]

Imuran
[n = 5]

Biologics
[n = 18]

Topical
[n = 2]

Gestation [weeks] 37.67 39.095 38.14 38.85 33
% C-section 33 [1] 33 [1] 40 [2] 100 [18] 100 [2]
% Anti-TNF 0 0 0 100 [18] 0
% Monotherapy 0 0 0 33 [6] 0

Healthy group had gestation age ≥37.9 weeks, 30% C-section, and were without any treatments.
5-ASA, 5-aminosalicylic aid; C-section, caesarean section.

Impact of Mother’s IBD on Breastfed Offspring  433



3.3. Heatmap analysis of breast milk metabolites 
compositions
Next, to compare the metabolite composition in IBD versus healthy 

mothers, we analysed 38 breast milk metabolites using H-NMR.1 
To distinguish the different metabolites, we clustered metabolites 
into functional categories including sugars [n = 2], amino acids and 
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derivatives [n = 14], fatty acids and associated metabolites [n = 12], 
energy metabolites [n = 7], and others [n = 3]. As shown on the heat-
map in Figure 3A, we found lactose was the most abundant com-
pound compared with other metabolites in the breast milk, and was 
reduced in mothers with either CD [p = 0.04] or UC [p = 0.0002] at 
PP3 [Figure 3B].

However, at 6 months postpartum no significant difference was 
detected for lactose between the groups [Figure 3B]. Another prom-
inent cluster separating breast milk of HC and IBD was amino acids 
and derivatives. Among the identified amino acids and derivatives, 
glutamate, glutamine, and guadinoacetic acid showed an increasing 
trend in breast milk of both healthy and IBD mothers, though no 
significant differences were found [Figure  3C]. Moreover, 2-amin-
obutyrate showed a decreasing trend in IBD compared with healthy 
controls at PP3, with statistical significance in UC versus healthy 
mothers. However, by 6  months postpartum this difference was 
no longer present [Figure 3D]. Moreover, the complexities of fatty 
acids and associated metabolites, which reflect the hydrolysis of tri-
glycerides, were found to be indicative of human breast milk. These 
fatty acids include saturated fatty acids [SFAs], monounsaturated 
fatty acids [MUFAs], and polyunsaturated fatty acids [PUFAs]. As 
revealed by our study, no differences were found in fatty acids and 
associated metabolites in the milk between healthy mothers and 
mothers with IBD [Figure 3E]. Finally, when we compared the energy 
metabolites in milk from IBD versus healthy mothers, we found that 

IBD samples exhibited an opposite trend compared with the above 
metabolites [Figure 3F]. The level of lactate appeared to be higher 
in IBD versus healthy mothers’ milk at PP3, though it reached sig-
nificance only in the UC group [p = 0.0144]; however, no difference 
was observed between the groups at PP6 [Figure 3G]. Notably, as 
shown in Figure 3H, the levels of succinate in UC milk samples was 
significantly higher compared with healthy mothers not only at PP3 
[p = 0.0004] but also at PP6 [p = 0.0026]. Although milk samples 
from CD mothers appeared to have higher succinate at PP3, this dif-
ference was not significant [Figure 3H]. Interestingly, succinate levels 
in breast milk of CD mothers only increased at PP6 [Figure 3H].

3.4. The effects of type of medication in IBD 
mothers on their milk metabolites
We further investigated whether 5-ASA or biologics medications 
changes the metabolomic components of breast milk in IBD moth-
ers. To determine whether the type of IBD medication influences 
cytokine levels in breast milk of mothers with IBD, we clustered UC 
patients based on their medications. Given that 5-ASA and biologics 
accounted for the majority of medications, we performed a subgroup 
analysis of only 5-ASA or only biologics users [Table 1].

Interestingly, we observed that patients on 5-ASA, regardless 
of the clinical presentation of IBD [CD or UC], had significantly 
higher levels of acetate, succinate, and caprylic acid in their breast 
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milk compared with patients who were on biologics [Figure 4A–C]. 
Of note, the difference in caprylic acid levels in breast milk of UC 
mothers on 5-ASA, compared with biologics, was significantly pro-
nounced [Figure 4D].

3.5. The impact of medications in IBD mothers on 
cytokine profile in their breast milk
As we discussed above, we divided patients based on their medi-
cations into two groups [5-ASA and biologics]. We found that UC 
patients on biologics had overall higher levels of pro-inflammatory 
cytokines. Although there was a trend for higher IL-12, IL-8, and 
IFN-γ in this group, it did not reach significance [Figure 5A]. This 
difference reached significance only for TNF-α and IL-6 cytokines 
in UC patients [Figure 5A]. In contrast, reduction of cytokine levels 
by 5-ASA in CD patients was not the case, and we observed variable 
effects as shown in Figure 5B. Another important observation was 
that CD patients appear to have much higher levels of cytokines in 
their milk when they are on biologics compared with UC patients. 
As shown in Figure 5A and B, IL-6, IL-8, and IL-12p40 are more 
abundant in CD versus UC patients. In addition, the effects of anti-
TNF-α treatment on TNF-α levels in the breast milk and serum of 
IBD mothers was analysed. Interestingly, we did not find any signifi-
cant reduction in the TNF-α levels in the breast milk or serum of 

anti-TNF-α treated mothers [Figure 6A and B]. In addition, we did 
not observe any association between disease activity (e.g. Harvey 
Bradshaw Index [HBI], partial Mayo score [PMayo], or C-reactive 
protein (CRP)] and cytokine levels in studied subjects [data not 
shown].

3.6. The impact of disease or medication on the 
faecal calprotectin concentration in infants
The faecal calprotectin [FCP] concentration in the meconium and 
faecal samples of newborns at birth, PP3, PP6 and PP12, and the 
FCP of their mothers at PP3, PP6 and PP12, was measured. We 
found that only infants born to CD mothers had significantly higher 
FCP levels at PP3 compared with infants born to healthy moth-
ers [Figure 6C]. In addition, the effects of mother’s medication on 
infants FCP concentration was investigated. We observed that differ-
ent medications had no significant impact on the FCP concentrations 
in the infant’s faecal specimens at different time points [e.g. birth, 
PP3, PP6 and PP12] except imuran, which significantly reduced the 
levels of FCP in faecal samples of infants born to CD mothers at PP3 
[Figure 6D]. However, this was not the case for infants born to UC 
mothers [Figure 6D]. Finally, FCP concentration in mother’s faecal 
specimens was quantified and, despite higher levels in IBD mothers 
compared with healthy controls, this difference reached significance 
for only CD mothers at PP6 [Figure 6E].

4. Discussion

Breastfeeding is highly recommended as the primary source of 
nutrients and bioactive molecules for neonates, and the American 
Academy of Pediatrics recommends breastfeeding for at least 
6 months after birth.24,25 However, many women who require med-
ications are hesitant to nurse their infants and tend to reduce or 
discontinue breastfeeding earlier than women who are not receiv-
ing medication, or even refuse to breastfeed. To date, several stud-
ies have explored detectable drug levels in IBD mothers’ breast 
milk,6,21,26 and the general consensus is that breastfeeding by IBD 
mothers is safe.27,28 However, breastfeeding is discouraged for some 
medications such as methotrexate, ciclosporin, metronidazole, and 
ciprofloxacin.28 Therefore, symptomatic IBD mothers who require 
treatment must consult with health care providers about poten-
tial risks of breastfeeding. Despite some reports, it is still unclear 
whether IBD and/or IBD medications during gestation or lactation 
would affect the immune components in breast milk. Here, we have 
demonstrated that breast milk from mothers with IBD and from 
healthy mothers differs in immune parameters such as antibodies, 
cytokines, and metabolites composition. Our study sheds novel light 
on differential components of breast milk from IBD compared with 
healthy mothers, and explains how these differences may impact on 
the immune system of the offspring.

Breastfeeding by mothers affected by IBD has been the subject 
of debate and controversy. Several epidemiological studies have 
reported that IBD mothers receiving therapy should not be discour-
aged from nursing their children and nursing may even provide 
a protective effect against disease flare in the postpartum year,6,22 
whereas other studies have not found such associations.29,30

Breastfeeding is known to provide significant health benefits 
to infants, including the transmission of protective antibodies,31 
cytokines,15,32 immunoreactive biochemicals and leukocytes.20,33 
Unlike most mammals, human breast milk antibodies that are 
transferred from mother to infant do not enter the child’s circu-
lation in large amounts.34 Secretory IgA is considered the most 
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abundant antibody subtype present in secretions including milk, 
providing mucosal immunity to the infant.35 Similarly in our study, 
IgA was identified as the most enriched milk antibody in healthy 
mothers, followed by IgG and IgE antibodies. Faecal IgA level is 
considered as a marker of intestinal immunity and its deficiency has 
been associated with chronic gastrointestinal inflammation.36,37 In 
accordance with these reports, IBD mothers had lower levels of IgA 
in their breast milk than healthy mothers. This suggests that IBD 
mothers’ breast milk suffers from lower levels of such a protective 
factor that plays a crucial role in the maintenance of microbiome 
and neutralisation of invasive pathogens in the gut and respiratory 
tract.20,38 Whether lower milk IgA in IBD mothers compromises in-
testinal immunity of their offspring warrants further investigations. 
Although other larger antibodies, such as IgG [160 kDa] and IgE 
[196 kDa], can be transferred to the neonate via breast milk and 
exhibit important immunological roles in newborns,39,40 we did not 
detect any significant difference in their levels between IBD and 
healthy mothers.

Besides protective antibodies, human breast milk contains an 
array of cytokines. Breast milk cytokines are important in the devel-
opment of the gastrointestinal tract of the suckling.41,42 In addition, 
elevation of cytokines in breast milk may stimulate the immune 
system of the offspring as a protective mechanism against infec-
tions.20,43 However, overexpression of pro-inflammatory cytokines in 
milk could lead to excessive stimulation/activation of the neonatal 
immune system, and subsequently onset of autoimmune inflamma-
tory conditions.44

Our study showed a trend to lower TGF-β1 concentration in 
breast milk of mothers with IBD compared with healthy mothers, 
although not significant, which may influence the development of 
the newborn’s immune response. Recently, we have shown that IBD 
mothers have lower CD71+ erythroid cells compared with healthy 
controls during pregnancy.45 Since CD71+ erythroid cells constitu-
tively produce TGF-β, lower frequency of these cells may result in 
lower TGF-β in these patients. Even though TGF-β levels in milk 
were not different between IBD and healthy mothers, we suggest that 
IBD mothers might have have lower TGF-β expression at the site 
of inflammation.45 TGF-β is an important family of growth factors 
involved in developing oral tolerance and regulating most mecha-
nisms triggered by antigen feeding, as well as in maintaining intes-
tinal immune homeostasis.46,47 

Breast milk constitutes an important source of TGF-β1 for the 
neonate because its expression is absent in the neonatal intestine 
before Day 10, after which it increases progressively.46 In keeping 
with our observations, other reports indicated that mothers with 
other inflammatory disease, such as allergic conditions, have lower 
levels of TGF-β1 in their breast milk.42,48 Likewise, we detected 
lower levels of IL-10 in breast milk of IBD mothers in our study 
which could theoretically limit its protective role in the newborn’s 
immune system, but this did not reach significance. IL-10, a potent 
anti-inflammatory cytokine, is found in human breast milk and is 
produced by mammary cells. However, it is also present in lym-
phocytes and macrophages in milk.20,49 IL-10 plays a crucial role 
in maintaining gut homeostasis and dampens the Th1 response, 
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thereby inhibiting pro-inflammatory cytokines’ function. In con-
trast, breast milk of IBD mothers was characterised by an increase in 
pro-inflammatory cytokines [IFN-γ, IL-1α, IL-6, IL-8, IL-17, IL-21, 
and IL-12p40] at PP3 and IFN-γ, IL-1α, IL-6, IL-17, IL-21, Il-23 
and IL-12p40 at PP6, compared with healthy mothers. However, 
these differences were not statistically significant. Novel biologics 
that target cytokines or their signalling pathways are becoming 
widely used in IBD patients.

Based on our data, it appears that biologics exhibit lower in-
hibitory effects on the cytokine levels in breast milk compared with 
5-ASA. This may reflect the immune system plasticity, that blockade 
of one cytokine can drive the induction of others.50 Among these 
pro-inflammatory cytokines, IFN-γ, IL-1α, IL-6, IL-8, and IL-21 
are predominantly abundant in IBD mothers’ breast milk. Thus, 
alterations in human milk pro-inflammatory cytokines levels may 
reflect differential trafficking of immune cells or cytokines into the 
mammary glands of IBD patients.51 Interestingly, we did not ob-
serve any significant difference in TNF-α levels among the groups 
since it is the main target of biologics, but a trend to lower Th2 type 
cytokines [IL-4 and IL-13] in breast milk of IBD patients compared 
with healthy mothers was evident. Even though Crohn’s disease and 
ulcerative colitis are driven by a Th1/Th17 and mainly a Th2 type 
immune response, respectively,23 this was not reflected in the milk. As 
we and others have reported, newborns have an immunosuppressive 

environment52,53 which is required for swift adaptation to the gut 
microbiome.54 As a result, the neonatal immune system is character-
ised by functionally suppressed neutrophils and antigen-presenting 
cells activity, attenuated responses to pattern-recognition receptor 
stimulation, and a skewed Th2 type immune response,55 which 
favours the establishment of the microbe-host homeostasis dur-
ing early colonisation of skin and mucosal surfaces.51,54,56,57 Thus, 
elevated pro-inflammatory cytokines in breast milk of IBD moth-
ers may result in upregulation of Toll-like receptor expression and 
subsequently immune activation in intestinal epithelial cells.51 Such 
changes may interfere with intestinal tolerance during initial bac-
terial colonisation in the suckling infant.

Finally, in this study we used 1H-NMR-based metabolomics to 
evaluate whether IBD or the type of treatment would affect breast 
milk metabolism. Our results showed that only four metabolites 
among 38 metabolites were significantly different between IBD and 
healthy mothers. Among the milk components measured, the lactose 
concentration made the major contribution [> 93%] and hence may 
be the main driving force underlying the nursing effect. It is well 
known that lactose is first hydrolysed into its glucose and galact-
ose moieties by lactase, located in the mucosa of the small intestine, 
which can modulate gut microbiota and immune responses during 
the suckling period by inducing the expression of IL-37 in colonic 
epithelial cells, monocytes, and macrophages.58–60 
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Our results demonstrated significantly decreased levels of lac-
tose in IBD mothers’ breast milk at PP3, which suggested that the 
lower lactose in IBD milk could dampen the gut health of neonates 
by decreasing the growth of potentially beneficial bacteria and pro-
moting potential pathobionts.58 Moreover, in this study we showed 
that succinate, a tricarboxylic acid [TCA] cycle metabolite, was less 
abundant in healthy mothers’ than in IBD mothers’ breast milk. 
Although initially succinate was reported to be involved in adeno-
sine triphosphate [ATP] generation in mitochondria, its role outside 
metabolism has recently emerged as an inflammatory signal mol-
ecule.61 Some studies have shown that succinate can increase expres-
sion of genes that facilitate angiogenesis, metastasis, and glycolysis, 
ultimately leading to tumour progression.62 Similar to its role in 
tumours, succinate can impair prolyl hydroxylase domain enzyme 
activity in macrophages and directly or indirectly via reactive oxy-
gen species [ROS] induce hypoxia-induced factor 1-alpha [HIF-1α] 
stabilisation.63 Thus, succinate acts as an inflammatory signal and 
chemokine for migration of monocyte-derived macrophages and 
dendritic cells [DCs].64In addition, succinate in synergy with Toll-
like receptors [TLRs]-3 and 7 ligands enhances pro-inflammatory 
cytokine production by DCs.64 However, how it gets accumulated in 
immune cells is not very well understood.65

More importantly, succinate levels and other metabolites may 
modulate glucose metabolism and subsequently affect gut microbiota. 
For instance, a high succinate level has been reported to be associ-
ated with impaired glucose metabolism and specific modifications in 
the gut bacteria in obese individuals.66 It has also been reported that 
succinate promotes Clostridium difficile infection following micro-
biota disturbance.67 Some bacterial species, such as Prevotellaceae 
and Veillonellaceae, are considered as succinate-producing bacteria 
and others. like Odoribacteraceae and Clostridaceae, as succinate-
consuming bacteria.66 Increased abundance in Veillonellaceae and 
decreased in Clostridaceae is strongly associated with disease status 
in CD patients.68 Thus, we speculate that IBD mothers’ gut micro-
environment might favour the growth of succinate=producing com-
mensals but prevent the growth of succinate-consuming bacteria. 
Subsequently succinate gets released into the circulation because of 
the compromised intestinal integrity, and can be detected in the milk. 
Therefore, the potential impact of milk succinate on modulating the 
gut microbiota merits further investigation and will be the focus of 
our future studies.

Another interesting observation of our study was lower 2-amin-
obutyrate in breast milk of IBD mothers at PP3. There is a possibil-
ity that lipopolysaccharide [LPS] induces succinate accumulation by 
reduction of aminobutyric acid,69 which is reflected in lower 2-amin-
obutyrate in breast milk of IBD mothers. Thus, our observations sug-
gest that increased succinate may enhance monocytes/macrophages 
and DC recruitment in the mammary glands of IBD patients, as a 
potential mechanism for increased pro-inflammatory cytokines in 
breast milk. Based on the literature, the effect of TCA intermediates 
intake has only been studied in adults,70 so lack of evidence restrains 
us from understanding the role of high abundance of TCA metab-
olite [succinate] in breast milk and the impact of ingesting TCA 
metabolite-rich breast milk on infant growth. Nevertheless, it is still 
plausible to speculate that the higher concentration of TCA metab-
olite in breast milk may be an unfavourable factor for the new-
born immune development, due to its inflammatory role. Whether 
the over-consumption of TCA metabolite is safe for the growth of 
human infants needs further investigation.

Furthermore, we found significantly higher lactate content in 
breast milk of UC patients at PP3 compared with healthy subjects. 

Lactate, as the main metabolite of many fermented products, has 
been reported to be higher in faecal specimens of UC patients.70,71 
Recent reports indicate a more beneficial role for lactate, with immu-
nomodulatory properties. Therefore, further studies are required to 
better understand the impact of higher lactate in breast milk on neo-
natal immune system and microbiome.

In conclusion, human breast milk is a complex biological mixture 
and our report is the first to compare the differences between breast 
milk composition from healthy mothers and from mothers with IBD 
in terms of antibodies, cytokines, and metabolites components. The 
results revealed that IBD mothers’ breast milk contained attenuated 
IgA levels, increased pro-inflammatory cytokines expression, and a 
transformed content of certain metabolites components compared 
with breast milk from healthy mothers. It might be speculated that 
such differences may influence the protective effects of breastfeed-
ing on infant’s health; however, further prospective studies on larger 
study cohorts are needed to reveal whether such differences in breast 
milk composition ultimately predispose the offspring to developing 
IBD and/or other immunological disorders.

Several limitations of our study should be acknowledged includ-
ing, for instance, small sample size especially when patients were sub-
grouped based on their medications. It is always challenging when 
longitudinal studies are conducted, due to the lack of patient adher-
ence. In addition, we were unable to perform measurement of drug 
levels in the breast milk of IBD patients in our studies. The potential 
impact of drugs type/level in milk on its composition should be taken 
in consideration. Therefore, we support conducting such studies on 
larger cohorts, with particular attention to addressing the potential 
impact of milk differences on the infant microbiome.
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