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A B S T R A C T

Objective: Milk holds an anti-inflammatory response that is particularly important to protecting infants against
necrotizing enterocolitis. Milk might also exert anti-inflammatory effects in adulthood, including the oral cavity
where macrophages of the oral mucosal control innate immunity defense. It remains unknown, however,
whether milk can modulate the local inflammatory response by affecting the polarization of macrophages.
Material and Methods: To determine whether pasteurized human milk and pasteurized cow milk can provoke
macrophage polarization, murine bone marrow macrophages and RAW264.7 cells were exposed to human saliva
or the inflammatory cytokines IL1β and TNFα. Activation of pro-(M1) inflammatory response is indicated by the
expression of IL1 and IL8. To determine polarization towards a M2 phenotype, the expression of arginase 1
(ARG1) and chitinase-like 3 (Chil3) was determined by reverse transcriptase PCR and immunoassay. Western
blot was done on phosphorylated p38 and JNK.
Results: Aqueous fractions of human milk and cow milk from different donors, respectively, significantly de-
creased the inflammatory response of primary macrophages and RAW264.7 cells when exposed to saliva or IL1
and TNFα. Similar to IL4, human milk and cow milk caused a robust expression of ARG1 and Chil3 in primary
macrophages. The polarization of macrophages by pasteurized milk occurred independent of the phosphoryla-
tion of p38 and JNK.
Conclusion: These data suggest that pasteurized milk, independent of the origin, can cause the polarization of
macrophages from a pro-inflammatory M1 towards a pro-resolving M2 phenotype. Thus, milk might have a
protective role for the oral cavity by modulation of the macrophage-based innate immune system.

1. Introduction

The oral mucosa is a barrier that is permanently exposed to the
commensal microbiom but also dietary and airborne antigens [1]. Apart
from the mechanical barrier of the oral mucosa, local immunity in-
cluding resident and recruited monocytes and macrophages is required
for tissue homeostasis [2]. It is particular the thin junctional epithelium
at the basis of the gingival sulcus that is constantly exposed to the local
triggers keeping innate immunity activated [3]. However, this immune
response can shift from a physiological towards a pathological situa-
tion, the latter indicated as gingivitis, which can progress into the ir-
reversible periodontitis [4], or peri-implantitis [5]. Moreover, patients
with systemic chronic inflammatory diseases, including inflammatory
bowel diseases have oral manifestations [6]. In addition, oral ulcerating

mucositis is a severe complication of chemotherapy and radiation
therapy in oncologic patients, raising the need for interventions based
on foods and natural products [7] and administration of radioprotectors
and/or chemoprotectors [8]. These interventions might target macro-
phages.

Considering macrophages are gatekeepers of innate immunity, they
are highly abundant in the oral mucosa. For example, the majority of
antigen-presenting cells in gingiva include resident macrophages and
migratory monocytes [2]. Moreover, macrophages are pleiotropic cells
that can undergo polarization changes [9]. Macrophage polarization is
of critical importance as the traditional inflammatory response upon
activation of pattern recognition receptors. For example, endotoxins in
saliva [10], or activation by inflammatory cytokines including IL1β and
TNFα causes a M1 polarization, while other molecules such as IL4
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increase markers of M2 polarization such as arginase 1 (ARG1) and
chitinase-like 3 (Chil3) [11]. The importance of macrophage polariza-
tion in oral tissue homeostasis is supported by preclinical research
suggesting that manipulation of endogenous M2 macrophages can
prevent alveolar bone loss in periodontitis models [12]. There is a de-
mand for interventions causing a polarization shift of M1 towards M2
macrophages.

Milk being a hallmark of mammalian evolution is a rich source of
nutrients but also has the capacity to control inflammation. For ex-
ample, milk can reduce necrotizing enterocolitis in newborns [13,14].
In preclinical studies, milk reduces tissue injury and mortality in che-
mically-induced endotoxemia models [15]. In vitro, milk can decrease
TNFα-induced inflammation in intestinal epithelial cells [16]. We have
recently shown that aqueous fractions of pasteurized human milk and
pasteurized cow milk greatly diminished the inflammatory response to
cytokines in oral fibroblasts and oral epithelial cells [17]. Moreover,
human milk contains pro-resolving signals that can enhance phagocy-
tosis [18] and milk fat globule—epidermal growth factor—factor VIII
(MFGE8)/lactadherin [19] supporting pro-resolving M2 macrophages
[20]. The question arises if milk can modulate macrophage polarization
in vitro. The aim of the current study was to investigate the impact of
aqueous fractions of pasteurized human and cow milk on in vitro po-
larization of mouse macrophages.

2. Material and Methods

2.1. Milk preparation

Human milk samples were collected at the Department of
Paediatrics and Adolescent Medicine, Division of Neonatology, of the
Medical University of Vienna. The milk of mothers was prepared in
daily totals for the premature babies and delivered to the feeding sta-
tions. The milk tested in this study was leftover residual amounts that
could not be refrozen. Mothers were not asked to donate milk for study
purposes (Ethical committee of the Medical University of Vienna Nr.
1021/2017). Human milk was centrifuged at 20,000 g for 10min at
room temperature. The aqueous fraction was pooled and heated to
80 °C for one hour before freezing. For cow milk, three different batches
of pasteurized cow milk (Billa Bergbauern Heumilch; Spar Halbfett
Milch; Hofer Milfina Halbfett Milch) were centrifuged and the aqueous
fractions pooled and frozen until testing. Samples were subjected to not
more than two freeze-thaw cycles. In the indicated experiments, 1% of
the most prevalent human milk oligosaccharide 2′-Fucosyllactose [21]
(2FL; Jennewein Biotechnologie GmbH, Rheinbreitbach, Germany) was
used.

2.2. Saliva preparation

Whole human saliva was collected from the authors (L.P., R.G.) who
are non-smokers and gave their informed consent. Saliva flow was sti-
mulated by chewing paraffin wax (Ivoclar Vivadent AG, Schaan,
Liechtenstein) without eating and drinking for 1 h prior to collection.
Immediately after collection, saliva was centrifuged at 4000 g for 5min.
The saliva supernatant was passed through a filter with a pore diameter
of 0.2 µm (Diafil PS, DIA-Nielsen GmbH, Düren, Germany). The saliva
from the two donors was pooled and frozen stocks were used.

2.3. Murine bone marrow-derived macrophages and RAW264.7 cells

Bone marrow cells were collected from the femora and tibiae of
Balb/c mice aged 6–8weeks old. Bone marrow cells were seeded at
3× 106 cells/cm2 into 12-well plates and grown for 7 days in alpha
Minimum Essential Medium (αMEM) supplemented with 10% fetal
bovine serum, antibiotics (all Invitrogen, Grand Island, NY) and 30 ng/
ml M-CSF (Prospec, Ness-Ziona, Israel). RAW264.7 macrophage-like
cells (ATCC, Manassas, VA) were expanded in growth medium and

seeded 1× 106 cells/cm2 into 12-well plates under standard conditions
at 37 °C, 5% CO2, and 95% humidity.

2.4. Cell viability

Primary macrophages were incubated overnight with 1 to 100%
aqueous fractions of milk. MTT (3-[4,5-dimethythiazol-2-yl]-2,5-di-
phenyltetrazolium bromide; Sigma) solution at a final concentration of
0.5 mg/ml was added to each well of a microtiter plate (CytoOne) for
2 h at 37 °C. The medium was removed and formazan crystals were
solubilized with dimethyl sulfoxide. Optical density was measured at
570 nm. Data were expressed as percentage of optical density in the
treatment groups normalized to unstimulated control values.

2.5. qRT-PCR analysis and immunoassay

Primary macrophages and RAW264.7 cells were pre-exposed to 5%
aqueous fractions of milk for 1 h before subjected to IL1β 5 ng/ml and
TNFα 5 ng/ml, or to 5% saliva for 24 h. Primary macrophages and
RAW264.7 cells were also exposed to 5% milk alone for 24 h. In in-
dicated experiments, 1% 2FL was used instead of milk. The supernatant
was harvested. Total RNA was isolated with the ExtractMe total RNA kit
(Blirt S.A., Gdańsk, Poland). Reverse transcription was performed with
SensiFASTTM cDNA (Bioline, London, UK). Polymerase chain reaction
was done with the SensiFASTTM SYBR ROX Kit (Bioline). Amplification
was monitored on the CFX Connect™ Real-Time PCR Detection System
(Bio-Rad Laboratories, CA, USA). Primer sequences were mIL1β_F
AAGGGCTGCTTCCAAACCTTTGAC, mIL1β_R ATACTGCCTGCCTGAAG
CTCTTGT; mIL8_F GAAGCACACTTTACAATTACGTGAG, mIL8_R CTCC
ACCTCTTCCTTTACTGCT; m YM 1_F GGGCATACCTTTATCCTGAG, m
YM 1_R CCACTGAAGTCATCCATGT; mARG1_F GAATCTGCATGGGCA
ACC, mARG1_R GAATCCTGGTACATCTGGGAAC. mGAPDH_F AACTTT
GGCATTGTCGAACG, mGAPDH_R GGATGCAGGGATGATGTTCT;
mACTIN_F CTAAGGCCAACCGTGAAAAG, mACTIN_R ACCAGAGGCAT
ACAGGGACA. The mRNA levels were calculated by normalizing to the
housekeeping gene GAPDH and actin using the ΔΔCt method. For the
immunoassay, the mouse IL1β Quantikine ELISA kit was used (R&D
Systems, Minneapolis, MN).

2.6. Western blot

RAW264.7 cells were serum-starved overnight and then pre-
incubated for 10min with 5% aqueous fractions of milk or 1% 2FL,
before being exposed for 25min to 5% saliva. Cell extracts containing
SDS buffer and protease inhibitors (PhosSTOP with cOmplete; Sigma,
St. Louis, MO) were separated by SDS-PAGE and transferred onto ni-
trocellulose membranes (Whatman, GE Healthcare, General Electric
Company, Fairfield, CT). Membranes were blocked and the binding of
the first antibody raised against phospho-ERK, phospho-p38 and
phospho-JNK (Cell Signaling Technology, Danvers, MA) and beta-actin
(Santa Cruz Biotechnology, Santa Cruz, CA) was detected with the ap-
propriate secondary antibody linked to a peroxidase.
Chemiluminescence signals were visualized with the ChemiDoc ima-
ging system (Bio-Rad Laboratories, Inc., Hercules, CA).

2.7. Statistical analysis

All experiments were repeated at least three times. Data from in-
dividual experiments are shown as dot-blots. If not otherwise indicated,
data are described as percentage inflammation remaining compared to
stimulated controls. Stimulated controls are cells exposed to either
saliva or IL1β/TNFα that initiated an inflammatory response. An in-
flammatory response is defined by a minimum of at least a 10-fold
increase in the expression of IL1 and IL8. Statistical analysis was based
on Wilcoxon matched-pairs signed rank test with p < 0.05 and the
Prism 7.0e software (GraphPad Software; San Diego, CA).
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3. Results

3.1. Milk suppress saliva-induced inflammation in primary macrophages
and RAW264.7 cells

Based on our recent results that saliva induced an inflammation in
macrophages [10] and our observations that milk reduced the in-
flammatory response on oral fibroblasts and epithelial cells [17], we
now investigate the possible anti-inflammatory activity of milk in
macrophages. Results suggest that aqueous fractions of pasteurized
human milk reduced the saliva-induced inflammatory response of IL1
and IL8 to mean value of 38% (p=0.0002) and 51% (p=0.016) – and
43% (p=0.008) and 20% (p=0.063) of the respective controls, in
primary macrophages and RAW264.7 cells, respectively (Fig. 1A, B).
Pasteurized cow milk also reduced IL1 and IL8 expression to 21%
(p=0.0002) and 70% (p= 0.016) of the particular saliva groups in
primary macrophages (Fig. 1C) and to 67% (p= 0.0008) and 41%
(p=0.063) in RAW264.7 cells (Fig. 1D). In support of this finding, 5%
human milk reduced the protein levels of saliva-induced IL1β in the
supernatant of primary macrophages to a mean of 65% (Table 1) and
RAW264.7 cells to 33% (Table 2), respectively.

3.2. Milk but not 2FL suppress IL1β-TNFα-induced inflammation in primary
macrophages and RAW264.7 cells

To confirm if the anti-inflammatory activity of milk is independent
of saliva, cells were exposed to IL1β-TNFα. As indicated in Fig. 2A,
aqueous fractions of pasteurized human milk reduced the IL1β-TNFα-
induced inflammatory reaction of IL1 and IL8 to 55% (p < 0.0001)
and 42% (p=0.063) of the respective controls, respectively in primary
macrophages, and to 42% (p= 0.004) and 57% (p=0.063) in
RAW264.7 cells (Fig. 2B). Correspondingly, cow milk decreased the
inflammatory answer of IL1 and IL8 to 43% (p < 0.0001) and 63%
(p= 0.063) in primary macrophages (Fig. 2C), and to 53% (p= 0.004)
and 64% (p=0.063) in RAW264.7 cells (Fig. 2D). Dose-response ex-
periments indicated that even 0.05% pasteurized human milk has an
anti-inflammatory in our in vitro model (Tables 3 and 4). The milk
oligosaccharide 2FL, however, failed to reduce saliva or IL1β-TNFα-
induced IL1 and IL8 expression in primary macrophages and RAW264.7
cells (Fig. 3A–D). Taken together, pasteurized milk can suppress the M1
inflammatory response in macrophages.
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Fig. 1. Milk suppress saliva-induced inflammation in primary macrophages and
RAW264.7 cells. Murine bone marrow-derived macrophages (A, C) and
RAW264.7 cells (B, D) were exposed to 5% saliva with and without 5% aqueous
fractions of pasteurized human (HM; A, B) and cow milk (CM; C, D). Expression
of inflammatory genes is indicated in percentage (%) compared to stimulated
controls (100%). Dot-blots represent independent experiments. p-values are
based on a Wilcoxon matched-pairs signed rank test.

Table 1
Human milk suppresses saliva-induced IL1β in primary macrophages. Cells were
exposed to 5% saliva (SAL) with and without 5% of aqueous fractions of pas-
teurized human milk (HM). Production of IL1β is expressed in pg/ml. Data of
two independent experiments (EXP) are shown.

wo SAL HM+SAL

EXP1 16.9 708.4 429.3
EXP2 14.7 714.4 492.8

Table 2
Human milk suppresses saliva-induced IL1β in RAW264.7 cells. Cells were exposed
to 5% saliva (SAL) with and without 5% of aqueous fractions of pasteurized
human milk (HM). Production of IL1β is expressed in pg/ml. Data of tree in-
dependent experiments (EXP) are shown.

wo SAL HM+SAL

EXP1 123.5 1675.9 485.3
EXP2 160.9 1465.9 384.0
EXP3 81.1 780.2 416.2
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Fig. 2. Milk suppress IL1β-TNFα-induced inflammation in primary macrophages
and RAW264.7 cells. Murine bone marrow-derived macrophages (A, C) and
RAW264.7 cells (B, D) were exposed to IL1β-TNFα with and without 5% aqu-
eous fractions of pasteurized human (HM; A, B) and cow milk (CM; C, D).
Expression of inflammatory genes is indicated in percentage (%) compared to
stimulated controls (100%). Dot-blots represent independent experiments. p-
values are based on a Wilcoxon matched-pairs signed rank test.
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3.3. Milk does not modulate saliva-induced phosphorylation of p38 and
JNK in RAW264.7 cells

Considering that saliva-induced inflammation causes the phos-
phorylation of p38 and JNK in RAW264.7 cells [10], both being central
mediators of inflammatory signal transduction [22], questions arise if
milk can lower the respective phosphorylation signals. Western blot
analysis supported the expected increase in the phosphorylation of p38
and JNK in RAW264.7 cells by saliva; milk, however, failed to cause
considerable changes (Fig. 4). Saliva only moderately increased phos-
phorylation of ERK being substantially increased by human and cow
milk (Fig. 4). 2FL failed to change phosphorylation of p38 but con-
siderably increased pJNK (Fig. 3E). Thus, the anti-inflammatory ac-
tivity of milk is not caused by the lowering of p38 and JNK phos-
phorylation but possibly involves activation of ERK signaling in
RAW264.7 cells.

3.4. Milk increases ARG1 and Chil3 in primary macrophages and
RAW264.7 cells

The reduction of the saliva- and IL1β-TNFα-induced M1 polariza-
tion raises the question if milk can shift the macrophages towards a M2
phenotype. Fig. 5A denotes that in primary macrophages, IL4 but also
pasteurized human and cow’s milk increased ARG1 to a mean of 66-

fold, 21-fold, and 20-fold (all p= 0.063), respectively. Also in
RAW264.7 cells (Fig. 5B), IL4, human and cow’s milk increased ARG1
to 15-fold, 15-fold, and 16-fold (all p= 0.016). When focusing on Chil3
in primary macrophages (Fig. 5C), IL4 pasteurized human and cow’s
milk all increased gene expression to a mean of 57-fold, 21-fold, and 16-
fold (all p= 0.016), respectively. Finally, Chil3 expression in
RAW264.7 cells was increased by IL4, human and cow’s milk to 32-fold,
16-fold, and 26-fold (all p= 0.063) (Fig. 5D). The increase of ARG1 by
human milk and cow milk was confirmed by Western blot analysis

Table 3
Dose-response of human milk to suppress saliva- and cytokine-induced IL1β in
RAW264.7 cells. Cells were exposed to 5% saliva (SAL) or IL1β-TNFα with and
without various concentrations of aqueous fractions of pasteurized human milk
(HM). Expression of IL1β is indicated in x-fold change of stimulated controls.
Data of at least three independent experiments are indicated as mean and
standard deviation.

HM 5% HM 0.5% HM 0.05%

SAL 42.0 ± 22.2 86.3 ± 17.2 64.2 ± 33.3
IL1β-TNFα 19.0 ± 11.8 39.7 ± 23.3 53.8 ± 25.5

Table 4
Dose-response of human milk to suppress saliva- and cytokine-induced IL8 in
RAW264.7 cells. Cells were exposed to 5% saliva (SAL) or IL1β-TNFα with and
without various concentrations of aqueous fractions of pasteurized human milk
(HM). Expression of IL8 is indicated in x-fold change of stimulated controls.
Data of at least three independent experiments are indicated as mean and
standard deviation.

HM 5% HM 0.5% HM 0.05%

SAL 13.0 ± 2.2 26.3 ± 12.3 20.5 ± 12.5
IL1β-TNFα 28.5 ± 18.3 20.3 ± 3.7 26.0 ± 6.0
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Fig. 3. 2FL does not suppress saliva or IL1β-TNFα-induced inflammation in primary
macrophages and RAW264.7 cells. Murine bone marrow-derived macrophages
and RAW264.7 cells were exposed to (A) 5% saliva or (B) IL1β-TNFα with and
without 1% 2FL. Expression of IL1 is indicated in x-fold change of stimulated
controls. Dot-blots represent independent experiments. p-values are based on a
Wilcoxon matched-pairs signed rank test.

Fig. 4. Milk but not 2FL modulate saliva-induced phosphorylation of p38 and JNK
in RAW264.7 cells. Serum-starved RAW264.7 cells were exposed to (A) 5%
aqueous fractions of pasteurized human (HM) and cow milk (CM) or (B) 2FL for
10min before being exposed to saliva for 25min. Targets were detected by
antibodies raised against phospho-ERK (pERK), phosphor-p38 (pp38) and
phospho-JNK (pJNK).
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Fig. 5. Milk increases ARG1 and Chil3 in primary macrophages and RAW264.7
cells. Murine bone marrow-derived macrophages (A, C) and RAW264.7 cells (B,
D) were exposed to IL4, 5% aqueous fractions of pasteurized human (HM), and
cow milk (CM). Expression of M2 marker genes is indicated in x-fold change of
unstimulated control. Dot-blots represent independent experiments. p-values
are based on a Wilcoxon matched-pairs signed rank test. (E) Increased arginase
1 in RAW264.7 cells was confirmed by Western blot.
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(Fig. 5E). These data suggest that milk can provoke a shift of macro-
phages towards the M2 lineage.

3.5. Milk at 10% does not affect the viability of in primary macrophages
and RAW264.7 cells

To rule out that milk affects the viability of macrophages, the NAD
(P)H-dependent cellular oxidoreductase enzymes was determined.
Results suggest that aqueous fractions of undiluted milk caused a sig-
nificant reduction in cell viability, whereas 10% aqueous fractions of
pasteurized human or cow milk had no impact on the formazan for-
mation in primary macrophages (Fig. 6A, B) and RAW264.7 cells
(Fig. 6C, D). These findings support the use of 5% of aqueous fractions
of pasteurized human or cow milk for the experiments on macrophage
polarization.

4. Discussion

Uncontrolled inflammation can lead to irreversible periodontitis [4]
and peri-implantitis [5], and it is particular the oral mucositis, being a
side effect of chemotherapy and radiation therapy in oncologic patients,
that dramatically reduces the quality of life [7,8]. Considering that
macrophages are central to each inflammation, it is reasonable to as-
sume that macrophage polarization plays a key role in the pathogenesis
of oral inflammation. For example, there is a role played by accumu-
lating monocytes in ascorbic acid-induced gastrointestinal mucositis
[23]. Moreover, no mouth rinses and hydrogels target the acute oral
inflammation caused by chemotherapy or radiation therapy [24,25].
Thus, there is a great demand for easily available mouth rinses with an
anti-inflammatory activity with the overall goal to reduce painful
symptoms of oral mucositis. With respect to milk-based products, to-
pical application of whey growth factor extract-A reduced che-
motherapy-induced oral mucosal ulceration in hamsters [26] but kefir
consumption had no impact on the incidence of mucositis development
in cancer patients [27]. Thus, today’s evidence for a beneficial role of
milk in oral mucositis is scarce.

Based on our previous observation that aqueous fractions of pas-
teurized human milk and pasteurized cow's milk can lower the ex-
pression of inflammatory cytokines in gingival fibroblasts and the oral
epithelial cell line HSC2 [17], and milk can provoke a TLR-4 dependent
M1 shift of macrophages in vitro [10], we report here that human and
cow's milk not only decreased the inflammatory response of primary
macrophages but also RAW264.7 cells when exposed to saliva or IL1
and TNFα. Milk also caused a strong increase in the expression of ARG1
and Chil3 in primary macrophages and RAW264.7 cells, suggesting
cellular polarization towards a M2 phenotype. These findings support
previous observations that human milk lipid mediators support in-
flammation resolution in a peritonitis model and enhance human
macrophage efferocytosis in vitro [18]. Moreover, milk is rich in
MFGE8 supporting M2 polarization [20]. It remains, however, unclear
if milk lipid mediator, MFGE8 or other molecules cause the effects we
have observed.

The data presented here and our previous approach with oral fi-
broblasts and epithelial cells [28] suggest that milk holds the potential
to diminish inflammation. What remains unclear is how milk can pe-
netrate the epithelial barrier to reach the macrophage population in
vivo. Considering that the inflammation impairs the integrity of the
epithelial barrier, milk might penetrate into deeper layers of the oral
mucosa and target the macrophage population. On the other hand,
mounting inflammatory response to foreign antigens is crucial for oral
mucosal innate immunity [1] and the question arises how such subdued
acute immunity caused by milk can be beneficial? At least in theory,
milk could reduce the oral mucosal immune defense making the oral
cavity less susceptive to a proper innate response to foreign factors.
Thus, the overall question if macrophage polarization in response to
milk under healthy conditions supports or even reduces oral mucosal
innate immunity remains unknown.

Future research should focus on the role of macrophages in patho-
logical chemotherapy and radiation-induced mucositis in rodent models
[29]. Based on this preclinical evidence, future research is needed to
determine whether patients suffering from severe forms of oral muco-
sitis benefit from rinsing the mouth with milk. This a critical issue as
there is the risk that, even though in vitro milk reduces the M1 in-
flammatory response of macrophages and pushes the M2 phenotype,
milk might have unwanted side effects that cannot be simulated in
vitro. For example, detrimental effects from topical administration of
bovine lactoferrin to the wounded oral mucosa of immunocompromised
hamsters were reported [30]. Thus, the clinical relevance of the present
investigation needs to be evaluated considering the complexity of the
living organism and the pathological changes of oral mucositis.

There are a number of study limitations. First, it is unclear what
molecular mechanisms are responsible for the macrophage polariza-
tion; particular if the same anti-inflammatory cues also cause the M2
shift of macrophages. We have not ruled out so far that it is the lipid
mediators [18] or MFGE8 [20] being responsible for the observations
presented here. What we can rule out however, is the involvement of
the main milk oligosaccharide 2FL, which has an anti-inflammatory
activity in human enterocytes [31], but failed to inhibit the in-
flammatory response of macrophages to saliva. Second, as already
stated, it remains to be determined if the robust milk-induced macro-
phage polarization can be translated in vivo reaching macrophages in
oral mucositis models. Finally, we have a xenogeneic model based on
mouse macrophages and cow and human milk, respectively. Further
research is needed to understand whether the inflammatory response to
saliva can be reduced by human milk.

In conclusion, our research suggests that in vitro pasteurized milk,
independent of the origin, can support the polarization of macrophages
from a pro-inflammatory M1 towards a pro-resolving M2 phenotype.
This research provides a scientific basis to further evaluate the possible
beneficial effect of milk serving as a mouth rinse to ease the symptoms
in oral mucositis or even reduce the oral mucosal immune defense.
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Fig. 6. Milk at 10% does not affect the viability of in primary macrophages and
RAW264.7 cells. Murine bone marrow-derived macrophages (A, B) and
RAW264.7 cells (C, D) were incubated overnight with 1 to 100% pasteurized
human (A, C; HM), and cow milk (B, D; CM). MTT conversion into solubilized
formazan crystals was determined on a photometer. Mean values from at least
four independent experiments are expressed as percentage of optical density in
the treatment groups normalized to unstimulated control values.
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