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Enhancing immune regulation in
vitro: the synergistic impact of
3′-sialyllactose and osteopontin
in a nutrient blend following
influenza virus infection
Zhengtao Guo1,2, Qinggang Xie3, Qiqi Ren3, Yang Liu3,
Kaifeng Li3, Bailiang Li1,2* and Jufang Li3*

1School of Food, Northeast Agricultural University, Harbin, Heilongjiang, China, 2Key Laboratory of
Dairy Science, College of Food Science, Northeast Agricultural University, Harbin, Heilongjiang, China,
3Feihe Reseach Institute, Heilongjiang Feihe Dairy Co., Beijing, China
Natural components of breast milk, human milk oligosaccharides (HMOs) and

osteopontin (OPN) have been shown to have a variety of functional activities and

are widely used in infant formulas. However, the preventive and therapeutic

effects of both on influenza viruses are not known. In this study, antiviral assays

using a human laryngeal carcinoma cell line (HEP-2) showed that 3′-sialyllactose
(3′-SL) and OPN had the best antiviral ability with IC50 values of 33.46 mMand 1.65

mM, respectively. 3′-SL (10 mM) and OPN (4 mM) were used in combination to

achieve 75% inhibition. Further studies found that the combination of 200 mg/mL

of 3′-SL with 500 mg/mL of OPN exerted the best antiviral ability. The reason for

this was related to reduced levels of the cytokines TNF-a, IL-6, and iNOS in

relation to mRNA expression. Plaque assay and TCID50 assay found the same

results and verified synergistic effects. Our research indicates that a combination

of 3′-SL and OPN can effectively reduce inflammatory storms and exhibit anti-

influenza virus effects through synergistic action.
KEYWORDS

3′-sialyllactose, osteopontin, influenza virus, immune cytokines, human milk
oligosaccharide
1 Introduction

Influenza is a respiratory disease that spreads easily and causes symptoms such as a

runny nose, sore throat, fever, and in severe cases, pneumonia and complications in other

organs (1). Scientific data reveals that influenza viruses are responsible for hundreds of

millions of infections worldwide annually, with infants and children particularly vulnerable

due to their weakened immune system. In 2018, there were nearly 109.5 million reported
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cases of viral infections among children under the age of 5 and

approximately 34,800 deaths attributed to influenza or its

complications globally (2). These figures demonstrate the

significant threat that influenza viruses pose to human health,

particularly in young children. While antiviral drugs currently

play a crucial role in treating influenza. However, ethical concerns

and strict regulations surrounding clinical trials in infants

and children have restricted access to appropriate antiviral

medications for this demographic (3, 4), Moreover, the high

mutagenicity of influenza viruses has led to reduced efficacy of

vaccines, further limiting treatment options (5). Indeed, there is an

urgent need for new approaches to improve infants and childrens

resistance to viruses.

Breast milk is widely recognized as the optimal food for infants,

offering adequate nutrition as well as numerous active ingredients

that promote anti-inflammatory (6), anti-infective (7), and immune

development in early infancy (8). Human milk oligosaccharides

(HMOs), the third most abundant component in human milk,

confer important benefits for early colonization of the infants gut

microbiota, intestinal barrier function, and immune modulation

(9). HMOs have been shown to have unique antiviral properties and

some studies have demonstrated their potential in reducing the risk

of infection from a wide range of viruses. Clinical evidence supports

the idea that HMOs have the ability to withstand the harsh

conditions in the stomach and anterior small intestine. This

enables them to reach the distal small intestine where they can

stabilize G10P rotaviruses that infect cells (10). In a controlled

dietary model of rotavirus-induced diarrhea in piglets, the

experimental group received milk powder with HMOs showed a

significant reduction in the duration of diarrhea compared to the

control group (11). The 2-fucosyllactose (2-FL) mimics the human

norovirus receptor, the histo-blood group antigen (HBGA), and

acts as a decoy to prevent norovirus binding to HBGA, ultimately

reducing the symptoms of infection (12). Osteopontin (OPN) is a

highly abundant multifunctional non-collagenous matrix

phosphoprotein in breast milk (13, 14). Research has

demonstrated that OPN exhibits antiviral properties, and that

mice with impaired OPN gene expression showed reduced

immunity to viral and bacterial infections (15). Furthermore, a

recent study discovered that both 2-FL and OPN were highly

effective in reversing DNCB-induced dermatitis in mouse models,

with an even more pronounced restorative effect observed when the

two compounds were used together (16). In summary, the active

components found in breast milk, particularly HMOs and OPN,

have shown remarkable antiviral properties and may potentially

exhibit synergistic effects. These findings provide strong motivation

for further research into their effectiveness against influenza viruses

and for studying the unique impact they can have when

used together.

We utilized 2′-fucosyllactose (2′-FL), 3′-sialyllactose (3′-SL),
6′-sialyllactose (6′-SL), lacto-N-tetraose (LNT), lacto-N-neotetraose

(LNnT), and OPN to intervene in an in vitro experiment of human

laryngeal cancer cells infected with H1N1 influenza virus. Our aim

was to investigate the potential therapeutic effects of these

compounds on infected cells. The most effective HMO was then

selected for combination with OPN to observe their synergistic effects
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and explore possible mechanisms of influence. Our objective is to

propose a new personalized approach for infants and children with

influenza virus, distinct from conventional drug treatment.
2 Materials and methods

2.1 Cells and strains

The HEP-2 human laryngeal carcinoma cell line was obtained

from the American Type Culture Collection (ATCC) and cultured

in modified DMEM medium (GibcoTM Life Technologies Inc.,

Grand Island, USA), supplemented with 10% fetal bovine serum

(FBS, GibcoTM Life Technologies Inc., Grand Island, USA) and 1%

dual antibodies (10,000 U/mL penicillin-10,000 g/mL streptomycin,

Solarbio life sciences, Beijing, China). Influenza A (H1N1) virus (A/

Zhejiang-Kecheng/SWL1219/2023) was provided by the Chinese

Centre for Disease Control and Prevention and stored at -80°C. The

virus was passaged twice through chicken embryos before the

experiment to determine its potency for use, the first titer is 2-6,

the second is 2-7, and the virus with the smaller titer is taken for

follow up experiments. TNF-a, iNOS, and IL-6 ELISA kits were

obtained from MULTISCIENCES (Shenzhen, China).
2.2 HMOs and OPN

This study utilized five different breast milk oligosaccharides

(HMOs), with purities exceeding 95%, purchased from Royal DSM

Group in the Netherlands. These HMOs included one fucose-based

neutral oligosaccharide, 2′-fucosyllactose (2′-FL), two non-fucose-

based neutral oligosaccharides, lacto-N-tetraose (LNT) and lacto-

N-neotetraose (LNnT), and two acidic oligosaccharides, 3′-
sialyllactose (3′-SL) and 6′-sialyllactose (6′-SL). Additionally,

Lacprodan OPN-10 bone bridging protein with a purity level of

over 95% was provided by Arla Foods Ingredients. The HMOs were

dissolved in a 20 mM master batch using dimethyl sulfoxide

(DMSO, Sigma, USA), while the OPN was dissolved in a 2 mg/

mL master batch using sterile PBS for use. The OPN and HMOs

used in the study were extracted and purified from bovine milk or

synthesized using methods such as enzymatic reaction and

microbial fermentation to obtain humanized osteopontin. Both

production and use have been certified by the European Food

Safety Authority (EFSA).
2.3 H1N1 virus TCID50 analysis

A frozen solution of the H1N1 influenza virus was diluted in a

10-fold gradient with a serum-free DMEM medium. The diluted

virus solution (100 mL/well) was added to 96-well plates lined with

monolayers of cells, with six replicate wells used for each

concentration, and a control group of normal cells. The plates were

incubated in a 5% CO2 incubator at 37°C for two hours, then the

virus dilution solution was replaced with cell maintenance solution,

and the plates were allowed to incubate for a further 48 hours, with
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the degree of cellular lesions and number of wells recorded by

observing cell morphology. When cell controls were close to

normal morphology, wells with ≥50% virus-infected cytopathic

lesions were considered diseased wells. The amount of virus

infection in half of the cell cultures (TCID50, 50% tissue culture

infective dose) was calculated using the Reed-Muench method.
2.4 Cytotoxicity analysis

HEP-2 cells were recovered and passaged 3-4 times until they

grew well. The cells were then trypsin digested, diluted to a

concentration of 1.5 x 105 cells/mL with complete medium, mixed,

and blown before being inoculated into 96-well plates at 100 mL/well.
The plates were incubated at 37°C in a 5% CO2 incubator for 24 h.

The substances being tested were serially diluted in pairs with culture

medium, and each concentration was added to the 96-well plates at

100 mL/well, with three replicate wells for every concentration, and a

blank control group was included. The cells were incubated at 37°C in

a 5% CO2 incubator for 48 h. Afterward, cell morphology was

observed and the supernatant was removed. CCK-8 was prepared

as a 10% solution in PBS and 100 mL was added to each well. After

one hour of action, the absorbance of the cells was measured using an

enzyme marker at a wavelength of 540 nm.
2.5 Cytopathic inhibition assay

The culture medium was aspirated, and 100 TCID50 of virus

solution (control and treatment groups) or culture medium (normal

group) was added at 100 µL/well. After adsorbing in a 37°C, 5% CO2

incubator for 4 h, the influenza virus liquid was aspirated and 100

µL of compounds at appropriate doses were added to each well, with

three replicate wells per concentration repeated three times. The

cells were observed for 48 h to check for any morphological

changes, and the cell supernatant was discarded. Next, CCK-8

was prepared as a 10% solution in PBS, and 100 mL was added to

each well. After being given one hour to interact with the cells,

enzymatic markers measured cell absorbance at a wavelength of 540

nm. Using the formula: Inhibition rate (%) = (Drug average A value

- Virus control group average A value)/(Cell control average A value

- Virus control group average A value) ×100%, calculate the degree

of suppression of viral-induced cellular deterioration by the drug.
2.6 ELISA analysis

After a 4-hour adsorption period at 37°C in a 5% CO2

incubator, the influenza virus solution was aspirated, and 100 µL

of compounds at varying doses were added to 3 replicate wells per

concentration, which was repeated 3 times. Following a 48-hour

incubation period, the supernatant was collected and analyzed using

an ELISA kit to measure the levels of inflammatory factors,

including TNF-a, iNOS, and IL-6.
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2.7 RT-qPCR analysis

After adsorbing the influenza virus solution for 4 hours at 37°

C in a 5% CO2 incubator, the solution was removed and replaced

with 100 µL L of each compound at the appropriate dose across

3 wells per concentration, repeated 3 times. After 48 hours,

the supernatant was removed, and cells were washed twice with

pre-chilled PBS. Total RNA was extracted from the cells

using Trizol according to the manufacturers instructions.

Subsequently, mRNA expression levels of TNF-a, iNOS, and IL-

6 inflammatory factors were measured by real-time fluorescence

PCR after reverse transcription. GAPDH was used as an

endogenous control, and the primers used in this study were:

GADPH-Forward-(5-GACCCCTTCATTGACCTCAAC-3),

GADPH-Reverse-(5-CATACCAGGAAATGAGCTTG-3), TNF-

a-Forward-(5-CTGCTGCACTTTGGAGTGAT-3), TNF-a-
Reverse-(5-AGATGATCTGACTGCCTGGG-3), IL-6-Forward-

(5-AGCCACTCACCTCTTCAGAAC-3), IL-6-Reverse-(5-

GCCTCTTTGCTGCTTTCACAC-3), iNOS-Forward-(5-

CATCCTCTTTGCGACAGAGAC-3), iNOS-Reverse-(5-GCAG

CTCAGCCTGTACTTATC-3 ) . 2 -DDCTwa s u s e d t o

quantitatively analyze the mRNA of genes.
2.8 Inhibition of influenza H1N1 virus by
the compositions

Plaque Assay: Inoculate HEP-2 cells into 6-well plates (1.5x105/

well) and incubate overnight at 37°C, 5% CO2. The culture medium

was aspirated, and 100 TCID50 of virus solution (H1N1 and

treatment groups) or culture medium (control group) was added

at 1 mL/well. After adsorbing in a 37°C, 5% CO2 incubator for 4 h.

Control group, 3′-SL group (200 mg/mL), OPN group (500 mg/mL),

3′-SL group (200 mg/mL), and 3′-SL+OPN group (200 mg/mL+500

mg/mL) were set up with the H1N1-infected group, adding 1mL of

the compound to the corresponding wells. After that, each well was

covered with a nutrient mixture containing 0.2% Bovine Serum

Albumin (BSA, Beyotime, Shanghai, China), 0.6% Agar (Beyotime,

Shanghai, China), and 0.3% DEAE (Beyotime, Beijing, China). The

plates were then incubated at 37°C under 5% CO2 conditions for 2-

3 days. Subsequently, the wells were fixed and stained using a 0.5%

crystal violet solution with formalin, and the plaque was observed.

TCID50 Assay: A frozen solution of the H1N1 influenza virus

was diluted in a 10-fold gradient with a serum-free DMEM

medium. The diluted virus solution (100 mL/well) was added to

96-well plates lined with monolayers of cells, with six replicate wells

used for each concentration, and a control group of normal cells.

The plates were incubated in a 5% CO2 incubator at 37°C for two

hours, then the virus dilution solution was replaced with cell

maintenance solution, then 100 µL of each of the compounds at

the appropriate dose was added. Incubate for 48 h to observe the

lesions (CPE) after viral infection of the cells, and the TCID50 of the

different drug concentration groups was determined by the Reed-

Muench method.
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2.9 Statistical analysis

The significance statistics were performed by One-way ANOVA

analysis, Duncans multiple comparison test, and paired-samples T

test of variance with SPSS 22 Version. A P value <0.05 was

considered indicative of statistical significance. All experiments

were repeated at least 3 times, and the data were expressed as

mean ± standard deviation (Mean ± SD).
3 Result

3.1 Determination of TCID50 of H1N1
influenza virus

The influenza virus was passaged twice in SPF-grade chicken

embryos, and the number of wells in which the H1N1 virus appeared

cytopathic for each virus dilution at 42h was observed. The TCID50

value for the infection of cells by the H1N1 strain of influenza virus

was calculated to be 10-3.48/0.1mL using the Reed-Muench method.
3.2 Toxic effects of HMOs and OPN on
HEP-2 cells

We first assessed the toxic effects of these six nutrients in HEP-2

cells before in vitro antiviral assays as a way to avoid using

concentrations that are toxic to cells for antiviral assays. The six

nutrients were found to have close to 100 percent cell survival

whether administered at high or low concentrations (Figures 1A, B),

suggesting that they have no significant effect on cell survival and

are sufficiently safe.
3.3 Inhibitory effect of HMOs and OPN on
HEP-2 cytopathy caused by H1N1 virus

To investigate whether these six nutrients could inhibit H1N1

influenza virus infection, antiviral assays were performed using
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HEP-2 cells and only OPN and 3′-SL were found to have a

significant inhibitory effect on H1N1-infected cells., we calculated

the IC50 values of six nutrients against the H1N1 virus using a non-

linear fit (Table 1). The IC50 values for 3′-SL and OPN were 33.46

mM and 1.65 mM, respectively, while several others including

fucosyl-neutral and non-fucosyl-neutral and other acidic

oligosaccharides showed less than 50% inhibition at all

concentrations, indicating that the anti-H1N1 influenza virus was

not effective. Based on these results, we determined the excellent

antiviral properties of OPN with 3′-SL.
3.4 Inhibition of viral HEP-2 cytopathic
lesions by 3′-SL complex OPN

Preliminary antiviral experiments were conducted to assess the

combined antiviral properties of 3′-SL+OPN. Based on the data, we

observed inhibition rates of 40% and 70% for H1N1 at OPN

concentrations of 1 mM and 4 mM, respectively, and inhibition

rates of 45% and 60% at 3′-SL concentrations of 10 mM and 40 mM,

respectively. A combination of OPN (4 mM) and 3′-SL (10 mM)

demonstrated higher inhibition rates (75%) than the monomers

at lower concentrations (Table 2), suggesting the need to investigate

optimal concentration for inhibiting the pathogenic effect of 3′-SL
in combination with OPN against H1N1 virus.
3.5 H1N1 influenza virus inhibition assay

The impact of nutrients and their combinations on

inflammatory factors was evaluated following infection of cells

with the H1N1 virus, as illustrated in Figures 2A–C. The control

group displayed levels of TNF-a, IL-6, and iNOS at 59.67 ± 6.67 pg/

mL, 246.39 ± 8.24 pg/mL, and 2.87 ± 0.09 pg/mL, respectively. On

the other hand, the model group showed a significant increase

(p ≤ 0.001) in all three inflammatory factors after virus infection,

with TNF-a, IL-6, and iNOS levels at 144.11 ± 1.92 pg/mL, 417.62 ±

6.46 pg/mL, and 5.14 ± 0.25 pg/mL, respectively. The results of this
A B

FIGURE 1

Toxic effects of HMOs and OPN on HEP-2 cells. (A) Toxic effects of five breast milk oligosaccharides on HEP-2 cells. (B) Toxic effects of bone bridge
protein (OPN) on HEP-2 cells. Data are represented as mean ± SD (n= 3). Cell viability was calculated according to the formula: % cell viability =
absorbance value of the administered group A/absorbance value of the cell control group A x 100%.
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study suggest that the H1N1 virus upregulates pro-inflammatory

factors, which can trigger an inflammatory storm and lead to tissue

damage. After treatment with different doses of OPN and 3′-SL, a
decrease in pro-inflammatory factors was observed. However,

analysis of variance indicated that six different concentrations of

the nutrients exhibited high sensitivity (p ≤ 0.001) in inhibiting IL-6

production compared to the model group. In contrast, for TNF-a,

significant differences were only found at medium and high

concentrations of 3′-SL in combination with three concentrations

of OPN, while no significant differences were observed at low

concentrations (p>0.05). As for iNOS production, significant

differences were found at medium and high concentrations of

both OPN and 3′-SL, but no significant differences were observed

at low concentrations when compared to the model group (p>0.05).

These findings indicate that OPN and 3′-SL have a potential

therapeutic effect on inflammation induced by H1N1

influenza virus.

Combination of two nutrients, OPN and 3′-SL, demonstrates

superior inhibition of inflammatory factors. Analysis of variance

showed highly significant differences (p < 0.01) in IL-6 and TNF-a

compared to the model group in all nine groups with different dose

combinations of high, medium and low. Additionally, iNOS

production was highly significantly different from the model

group (p<0.001) in all combinations except for 3′-SL+OPN (ML).

Based on these results, it can be concluded that the synergistic effect

of combining the two nutrients is more potent in suppressing H1N1

virus-induced inflammation as compared to using either

nutrient alone.

Further, a comparative analysis of the inhibitory effect of nine

combinations on the cytopathogenic effect of the H1N1 virus was
TABLE 2 Inhibition rate of viral cytopathogenic lesions by nutrients and
their combinations.

OPN concentration (mM) 1 4

Inhibition rate (%) 40 70

3′-SL concentration (mM) 10 40

Inhibition rate (%) 45 60

OPN+3′-SL
concentration 4 (mM)+10 (mM)

Inhibition rate (%) 75.21 ± 6.15
F
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C

FIGURE 2

Effects of nutrient concentrations and combinations on suppression
of inflammation following H1N1 infection. The study included the
following groups: control group (C), a model group (M), and various
groups treated with different doses of 3′-SL and OPN alone,
including low dose (20 mg/mL, 3SL-L), medium dose (200 mg/mL,
3SL-M), and high dose (600 mg/mL, 3SL-H) of 3′-SL, and low dose
(60 mg/mL, OPN-L), medium dose (200 mg/mL, OPN-M), and high
dose (500 mg/mL, OPN-H) of OPN. 3′-SL+OPN group: (20 mg/mL +
60 mg/mL, LL), (20 mg/mL + 200 mg/mL, LM), (20 mg/mL + 500 mg/
mL, LH), (200 mg/mL + 60 mg/mL, ML), (200 mg/mL + 200 mg/mL,
MM), (200 mg/mL + 600 mg/mL, MH), (500 mg/mL + 60 mg/mL, HL),
(500 mg/mL + 200 mg/mL, HM), and (500 mg/mL + 600 mg/mL, HH).
(A) TNF-a, (B) IL-6, (C) iNOS. Data are represented as mean ± SD
(n= 3). *P< 0.05; **P <0.01; ***P <0.001, compared with the Model
group M. #P <0.05; ##P< 0.01; ###P <0.001, compared with the
control group C.
TABLE 1 Results of nutrient inhibition of viral cytopathogenesis.

Nutrients IC50

2′-FL >200 mM

3′-SL 33.46 mM

6′-SL >200 mM

LNT >200 mM

LNNT >200 mM

OPN 1.65 mM
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carried out. Optimal inhibition of H1N1 virus pathogenicity by the

combination 3′-SL+OPN (MH). Its treatment resulted in no

significant difference in the production of inflammatory factors

and iNOS production in cells compared to non-viral treated

controls (p>0.05), indicating recovery of the inflammatory

phenomenon caused by H1N1 virus infection.
3.6 RT-qPCR

To further confirm the inhibitory effect of nutrients on the

virus, this study also examined the expression of mRNA for

inflammatory factors at the gene level using RT-qPCR. The

expression of mRNA for inflammatory factors in the control

group was very low, while the mRNA expression of the

inflammatory factors TNF-a and IL-6 was found to be 100 and

150 times higher, respectively, after viral H1N1 infection

(Figures 3A, B), and the mRNA expression of iNOS was elevated

by about 9 times (Figure 3C). A significant reduction in the

expression of mRNA for the three inflammatory factors was also

found after treatment with both nutrients, particularly in the 3′-SL
+OPN (MH) group where the mRNA expression of all three

inflammatory factors reached the lowest levels of all groups: TNF-

a 48.52 ± 1.53, IL-6 53.27 ± 6.88 and iNOS 3.87 ± 0.28, which is

similar to the results for inflammatory factor production.
3.7 Inhibition of influenza H1N1 virus by
the compositions

To confirm the synergistic effect of the combination of 3′-SL
+OPN (200 mg/mL+500 mg/mL) in inhibiting viral cytopathogenic

lesions, a plaque assay was conducted, and the results are presented

in Figure 4. The number of plaques was significantly increased in

the H1N1 group compared to the non-virus-infected group C. 3′-SL
(600 mg/mL) and OPN (500 mg/mL) exhibited an inhibitory effect

on viral plaques, but this effect was more significant when the two

compounds were combined together. The results suggest that 3′-SL
and OPN, especially when combined, had a direct effect on the

virus, resulting in a reduction of viral infectivity.

The TCID50 assay was used to investigate the reduction of

H1N1 virus in HEP-2 cells under nutrient combination

intervention. Table 3 presents the TCID50 values for H1N1 virus

in different conditions. Without nutrient intervention, the TCID50

of H1N1 was 10-3.71/0.1 mL. However, when OPN (500 mg/mL) or

3′-SL (600 mg/mL) was administered alone, the H1N1 virus was

significantly suppressed, resulting in TCID50 values of 10-3.23/0.1

mL and 10-2.9/0.1 mL, respectively. Remarkably, the combination of

OPN and 3′-SL exhibited an even more pronounced suppression of

the H1N1 virus, with a TCID50 value of 10
-2.65/0.1 mL.
4 Discussion

The H1N1 virus is a common influenza virus that primarily

affects the upper respiratory tract in humans and causes a range of
Frontiers in Immunology 06
symptoms such as fever, body fatigue, sore throat, dry cough and flu

(17). The respiratory tract is an important structure connecting the

larynx to the lungs and includes the nasal cavity, pharynx, trachea,

bronchi and alveolar tissues (18), Therefore, it is crucial to maintain
A

B

C

FIGURE 3

Expression of mRNA for inflammatory factors and iNOS during anti-
H1N1 virus by nutrients and their different combinations. The study
included the following groups: control group (C), a model group
(M), 3′-SL+OPN group (20 mg/mL + 60 mg/mL, LL), (20 mg/mL + 200
mg/mL, LM), (20 mg/mL + 500 mg/mL, LH), (200 mg/mL + 60 mg/mL,
ML), (200 mg/mL + 200 mg/mL, MM), (200 mg/mL + 600 mg/mL,
MH), (500 mg/mL + 60 mg/mL, HL), (500 mg/mL + 200 mg/mL, HM),
and (500 mg/mL + 600 mg/mL, HH). Data are represented as mean ±
SD (n= 3). *P< 0.05; **P <0.01; ***P <0.001, ns, not significant,
compared with the 3SL+OPN (MH) group.
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a healthy respiratory tract. Human laryngeal cancer cells are

extensively utilized in viral and antiviral drug research due to

their relatively high susceptibility to viral infection. The selection

of the HEP-2 human laryngeal cancer cell line for this study was

based on the fact that it represents the organ site where HMOs and

OPNs come into direct contact with the host.

The nutrients used in this study are derived from natural

breast milk ingredients and their safety has been scientifically

proven in numerous studies. In our experiments, cells came into

direct contact with nutrients after infection with the H1N1 virus,

and a potential precursor cause could be that the nutrients

inhibited the attachment of the virus to the cells, altering the

binding efficiency of H1N1 to HEP-2 cells, and thus inhibiting the

virus from being effective in causing the cells to become diseased.

A recent study has shown that glycosaminoglycans (HM-GAGs)

in breast milk prevent cells from binding to cytomegalovirus (19),

highlighting the active function of breast milk. In addition, some

HMOs can also reduce the binding ability of most pathogens (e.g.

Escherichia coli, Vibrio cholerae, Philis Salmonella and

Helicobacter pylori) to intestinal epithelial cells in vitro (20, 21),

thus reducing gastrointestinal diseases. This ability to enhance the

antiviral effect by mitigating attachment may be related to the

unique structure of nutrients and viruses. For example, the ability

of breast milk oligosaccharide 2′-FL to mimic the norovirus

receptor, blood group antigen (HBGA), and act as a decoy to

prevent norovirus from binding to HBGA (12). HMOs and OPNs

may have similar decoy mechanisms to influenza viruses (22). It is

worth noting that while the present study only identified 3′-SL as

being resistant to H1N1, other studies have indicated that 6′-SL
may also possess broad-spectrum antiviral activity. This is

attributed to the ability of salivary acidified molecules to bind to

crucial influenza virus proteins, specifically the hemagglutinin

proteins, and compete with host cells (23). Our data show
Frontiers in Immunology 07
variability in the inhibitory potency of different structures of

HMOs against H1N1 viruses and find that salivary acidified 3-

SL exerts the best inhibitory effect, consistent with the previously

reported ability of salivary acidification to reduce selectin-

mediated leukocyte adhesion (24). This result provides new

evidence and insight into the link between the structure of

HMOs and their ability to resist viruses. However, the detailed

structural mechanisms targeting the attenuation of influenza virus

attachment deserve further exploration.

Numerous in vitro and in vivo experiments have shown that

the hyperinflammatory response to influenza virus infection is a

key factor in organismal damage (25–27). The TOLL receptor

pathway, which triggers inflammatory damage during viral

cytopathogenesis, is often thought to be highly associated with

increased influenza morbidity and significant changes in TNF-a,
IL-6 and iNOS during Toll receptor pathway activation (28, 29).

Pro-inflammatory cytokines such as TNF-a and IL- 6 play a key

regulatory role in the inflammation-induced immune response

(30, 31). Tumor necrosis factor-a (TNF-a) is a pleiotropic

cytokine produced by a variety of cells in response to

inflammatory and immunomodulatory stimuli and can induce

cytopathic regulation (32). IL-6 is a strong activator of the acute

phase response, contributing to the systemic and local

inflammatory response, and excess IL-6 can induce a variety of

chronic inflammatory diseases (33). NO radicals are also critical in

inflammatory and immune responses and are synthesized by

enzymes such as NOS (eNOS) and iNOS via the l-arginine

pathway (34). Under normal physiological conditions, iNOS is

dormant in dormant cells; however, under pathological

conditions, it produces large amounts of NO and plays a dual

role in chronic infections, inflammation (35). Reducing NO

production may be an effective strategy for treating a wide range

of inflammatory diseases (36). In addition, influenza virus induces

proliferation of TNF-a, IL-6, and iNOS, and overexpression of IL-

6 and TNF-a promotes influenza virus replication (37), which,

together with iNOS, are involved in the hyperinflammatory

response to influenza virus infection (38). Breast milk-derived

active substances have been reported to exhibit significant

inflammatory and immunomodulatory effects both in vitro and

in vivo. Powdered infant formula supplemented with HMOs

protects the colon from infection and reduces the inflammatory

response by preventing necrotizing small intestinal colitis (NEC)

in mice or piglets and by inhibiting activation of the TLR4
FIGURE 4

Inhibitory effect of 3′-SL, OPN and 3′-SL+OPN on H1N1 detected by plaque assay.
TABLE 3 Inhibition of Influenza H1N1 Virus by the Compositions.

Nutrients concentration TICD50(/0.1mL)

3′-SL 600 mg/mL 10-3.23

OPN 500 mg/mL 10-2.9

3′-SL+ OPN 200 mg/mL+500 mg/mL 10-2.65

No Nutrients 10-3.71
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signaling NF-kb signaling pathway (39). Moreover, In vitro, 2′-FL
directly inhibits lipopolysaccharide (LPS)-induced inflammatory

responses in intestinal epithelial cells (IECs), decreases IL-8

release, and suppresses transcription and translation of CD14,

whose overexpression increased inflammatory responses (40).

Recent studies have demonstrated that 2′-FL can enhance

immunomodulation and reduce inflammatory responses

following influenza vaccination (41). This activity may also have

an direct impact on respiratory inflammation caused by influenza

viruses. Our data show that TNF-a, IL- 6 and iNOS are increased

to varying degrees in HEP-2 cells after H1N1 virus infection. In

terms of mRNA expression, the expression of TNF-a and IL- 6

increases up to an alarming 100-fold and 150-fold after H1N1

virus infection, and the excessive inflammatory factors cause

inflammatory damage to human respiratory tissues, resulting in

discomfort such as sore throat and dry cough. However, after 3′-
SL and OPN treatment, the levels and expression of TNF-a, IL- 6
and iNOS were significantly reduced, alleviating cellular

inflammation. The plaque assay and TCID50 also indicated that

lower concentrations of the combined nutrients were more

effective in inhibiting the H1N1 virus compared to higher

concentrations of single nutrient interventions.
5 Conclusion

Overall, our work demonstrated the ability of 3′-SL and OPN

to inhibit H1N1 influenza virus cytopathogenesis in vitro and

found that the most effective combination of antiviral doses was

200 mg/mL of 3′-SL combined with 500 mg/mL of OPN. HMOs

and OPN have almost no toxic effect on HEP-2 cells. Acidic breast

milk oligosaccharide 3′-SL had a more effective inhibitory effect

on the cellular attack of H1N1 virus. When used in combination

with OPN, its combined antiviral capacity exceeded the effect of a

single substance. This antiviral capacity was associated with a

reduction in the inflammatory response in HEP-2 cells, and 3′-SL
with OPN was able to significantly reduce the levels and mRNA

expression of the cytokines TNF-a, IL-6 and iNOS as a result of

H1N1 virus infection, enhancing the innate immunity of cells to

H1N1 virus in vitro. The synergistic effect of the same

phenomenon was observed using both plaque assay and TCID50

assay, confirming its effectiveness. However, further exploration is

required to understand the mechanism of synergy, along with

conducting human clinical studies to validate the findings of the in

vitro studies.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Frontiers in Immunology 08
Ethics statement

Ethical approval and written informed consent were not

required for the studies on humans in accordance with the local

legislation and institutional requirements because only

commercially available established cell lines were used.
Author contributions

ZG: Data curation, Formal analysis, Investigation, Writing –

original draft. QX: Data curation, Methodology, Writing – review &

editing. QR: Data curation, Methodology, Writing – review &

editing. YL: Data curation, Methodology, Writing – review

& editing. KL: Data curation, Methodology, Writing – review &

editing. BL: Project administration, Writing – review & editing. JL:

Project administration, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This research

was funded by “Hundred, Thousand and Ten Thousand” Science

and Technology Major Special Project of Heilongjiang Province:

Dairy Products and Meat Processing (No. 2020ZX07B01-2-1).
Conflict of interest

Authors QX, QR, YL, KL and JL are employed by Heilongjiang

Feihe Dairy Co.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1271926/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1271926/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1271926/full#supplementary-material
https://doi.org/10.3389/fimmu.2024.1271926
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Guo et al. 10.3389/fimmu.2024.1271926
References
1. Krammer F, Smith GJD, Fouchier RAM, Peiris M, Kedzierska K, Doherty PC,
et al. Influenza. Nat Rev Dis Primers (2018) 4:3. doi: 10.1038/s41572-018-0002-y

2. Wang X, Li Y, OBrien KL, Madhi SA, Widdowson MA, Byass P, et al. Global
burden of respiratory infections associated with seasonal influenza in children under 5
years in 2018: a systematic review and modelling study. Lancet Glob Health (2020) 8:
e497–510. doi: 10.1016/s2214-109x(19)30545-5

3. Needham AC, Kapadia MZ, Offringa M. Ethics review of pediatric multi-center
drug trials. Paediatr Drugs (2015) 17:23–30. doi: 10.1007/s40272-014-0098-9

4. Gonzalez D, Sinha J. Pediatric drug-drug interaction evaluation: drug, patient
population, and methodological considerations. J Clin Pharmacol (2021) 61 Suppl 1:
S175–s187. doi: 10.1002/jcph.1881

5. Hsu AC. Influenza virus: A master tactician in innate immune evasion and novel
therapeutic interventions. Front Immunol (2018) 9:743. doi: 10.3389/fimmu.2018.00743

6. Masi AC, Embleton ND, Lamb CA, Young G, Granger CL, Najera J, et al. Human
milk oligosaccharide DSLNT and gut microbiome in preterm infants predicts
necrotising enterocolitis. Gut (2021) 70:2273–82. doi: 10.1136/gutjnl-2020-322771

7. Slomski A. Human milk protein prevents infections in preterm infants. Jama
(2016) 316:2078. doi: 10.1001/jama.2016.17037

8. Lyons KE, Ryan CA, Dempsey EM, Ross RP, Stanton C. Breast milk, a source of
beneficial microbes and associated benefits for infant health. Nutrients (2020) 12
(4):1039–69. doi: 10.3390/nu12041039

9. Rousseaux A, Brosseau C, Le Gall S, Piloquet H, Barbarot S, Bodinier M. Human
milk oligosaccharides: their effects on the host and their potential as therapeutic agents.
Front Immunol (2021) 12:680911. doi: 10.3389/fimmu.2021.680911

10. Ramani S, Stewart CJ, Laucirica DR, Ajami NJ, Robertson B, Autran CA, et al.
Human milk oligosaccharides, milk microbiome and infant gut microbiome modulate
neonatal rotavirus infection. Nat Commun (2018) 9:5010. doi: 10.1038/s41467-018-07476-4

11. Li M, Monaco MH, Wang M, Comstock SS, Kuhlenschmidt TB, Fahey GC Jr.,
et al. Human milk oligosaccharides shorten rotavirus-induced diarrhea and modulate
piglet mucosal immunity and colonic microbiota. ISME J (2014) 8:1609–20.
doi: 10.1038/ismej.2014.10

12. Koromyslova A, Tripathi S, Morozov V, Schroten H, Hansman GS. Human
norovirus inhibition by a human milk oligosaccharide. Virology (2017) 508:81–9.
doi: 10.1016/j.virol.2017.04.032

13. Du Y, Mao L, Wang Z, Yan K, Zhang L, Zou J. Osteopontin - The stirring
multifunctional regulatory factor in multisystem aging. Front Endocrinol (Lausanne)
(2022) 13:1014853. doi: 10.3389/fendo.2022.1014853

14. Zhu J, Yu X, Wang Y, Bai S, Lai J, Tong X, et al. Longitudinal changes of
lactopontin (milk osteopontin) in term and preterm human milk. Front Nutr (2022)
9:962802. doi: 10.3389/fnut.2022.962802

15. Ashkar S, Weber GF, Panoutsakopoulou V, Sanchirico ME, Jansson M,
Zawaideh S, et al. Eta-1 (Osteopontin): an early component of type-1 (Cell-
mediated) immunity. Science (2000) 287:860–4. doi: 10.1126/science.287.5454.860

16. Chen X, Yang C, Zeng J, Zhu Z, Zhang L, Lane JA, et al. The protective effects of
human milk components, 2′-fucosyllactose and osteopontin, against 2,4-
dinitrochlorobenzene-induced atopic dermatitis in mice. J Funct Foods (2021)
87:104806. doi: 10.1016/j.jff.2021.104806

17. Sullivan SJ, Jacobson RM, Dowdle WR, Poland GA. H1N1 influenza. Mayo Clin
Proc (2009) 85:64–76. doi: 10.4065/mcp.2009.0588

18. Man WH, de Steenhuijsen Piters WA, Bogaert D. The microbiota of the
respiratory tract: gatekeeper to respiratory health. Nat Rev Microbiol (2017) 15:259–
70. doi: 10.1038/nrmicro.2017.14

19. Francese R, Donalisio M, Ritta M, Capitani F, Mantovani V, Maccari F, et al.
Human milk glycosaminoglycans inhibit cytomegalovirus and respiratory syncytial
virus infectivity by impairing cell binding. Pediatr Res (2022) 1–8. doi: 10.1038/s41390-
022-02091-y

20. Coppa GV, Zampini L, Galeazzi T, Facinelli B, Ferrante L, Capretti R, et al.
Human Milk Oligosaccharides Inhibit the Adhesion to Caco-2 Cells of Diarrheal
Pathogens: Escherichia coli, Vibrio cholerae, and Salmonella fyris. Pediatr Res (2006)
59:377–82. doi: 10.1203/01.pdr.0000200805.45593.17

21. Simon PM, Goode PL, Mobasseri A, Zopf D. Inhibition of Helicobacter pylori
binding to gastrointestinal epithelial cells by sialic acid-containing oligosaccharides.
Infect Immun (1997) 65:750–7. doi: 10.1128/iai.65.2.750-757.1997
Frontiers in Immunology 09
22. Etzold S, Bode L. Glycan-dependent viral infection in infants and the role of
human milk oligosaccharides. Curr Opin Virol (2014) 7:101–7. doi: 10.1016/
j.coviro.2014.06.005

23. Pandey RP, Kim DH, Woo J, Song J, Jang SH, Kim JB, et al. Broad-spectrum
neutralization of avian influenza viruses by sialylated human milk oligosaccharides: in
vivo assessment of 3′-sialyllactose against H9N2 in chickens. Sci Rep (2018) 8:2563.
doi: 10.1038/s41598-018-20955-4

24. Bode L, Jantscher-Krenn E. Structure-function relationships of human milk
oligosaccharides. Adv Nutr (2012) 3:383S–91S. doi: 10.3945/an.111.001404

25. Snelgrove RJ, Godlee A, Hussell T. Airway immune homeostasis and
implications for influenza-induced inflammation. Trends Immunol (2011) 32:328–34.
doi: 10.1016/j.it.2011.04.006

26. Jha A, Dunning J, Tunstall T, Thwaites RS, Hoang LT, Kon OM, et al. Patterns of
systemic and local inflammation in patients with asthma hospitalised with influenza.
Eur Respir J (2019) 54(4):949–61. doi: 10.1183/13993003.00949-2019

27. Liang X, Huang Y, Pan X, Hao Y, Chen X, Jiang H, et al. Erucic acid from Isatis
indigotica Fort. suppresses influenza A virus replication and inflammation in vitro and
in vivo through modulation of NF-kB and p38 MAPK pathway. J Pharm Anal (2020)
10:130–46. doi: 10.1016/j.jpha.2019.09.005

28. Duan T, Du Y, Xing C, Wang HY, Wang RF. Toll-like receptor signaling and its
role in cell-mediated immunity. Front Immunol (2022) 13:812774. doi: 10.3389/
fimmu.2022.812774

29. Khanmohammadi S, Rezaei N. Role of Toll-like receptors in the pathogenesis of
COVID-19. J Med Virol (2021) 93:2735–9. doi: 10.1002/jmv.26826

30. Bradley JR. TNF-mediated inflammatory disease. J Pathol (2008) 214:149–60.
doi: 10.1002/path.2287

31. Jones SA, Jenkins BJ. Recent insights into targeting the IL-6 cytokine family in
inflammatory diseases and cancer. Nat Rev Immunol (2018) 18:773–89. doi: 10.1038/
s41577-018-0066-7

32. Ruddle NH. Tumor necrosis factor (TNF-alpha) and lymphotoxin (TNF-beta).
Curr Opin Immunol (1992) 4:327–32. doi: 10.1016/0952-7915(92)90084-r

33. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and
disease. Cold Spring Harb Perspect Biol (2014) 6:a016295. doi: 10.1101/
cshperspect.a016295

34. Rao KM. Molecular mechanisms regulating iNOS expression in various cell
types. J Toxicol Environ Health B Crit Rev (2000) 3:27–58. doi: 10.1080/
109374000281131

35. Connelly ST, Macabeo-Ong M, Dekker N, Jordan RC, Schmidt BL. Increased
nitric oxide levels and iNOS over-expression in oral squamous cell carcinoma. Oral
Oncol (2005) 41:261–7. doi: 10.1016/j.oraloncology.2004.09.007

36. Bahadoran Z, Mirmiran P, Ghasemi A. Role of nitric oxide in insulin secretion
and glucose metabolism. Trends Endocrinol Metab (2020) 31:118–30. doi: 10.1016/
j.tem.2019.10.001

37. Julkunen I, Sareneva T, Pirhonen J, Ronni T, Melen K, Matikainen S. Molecular
pathogenesis of influenza A virus infection and virus-induced regulation of cytokine
gene expression. Cytokine Growth Factor Rev (2001) 12:171–80. doi: 10.1016/s1359-
6101(00)00026-5

38. Mgbemena V, Segovia JA, Chang TH, Tsai SY, Cole GT, Hung CY, et al.
Transactivation of inducible nitric oxide synthase gene by Kruppel-like factor 6
regulates apoptosis during influenza A virus infection. J Immunol (2012) 189:606–15.
doi: 10.4049/jimmunol.1102742

39. Sodhi CP, Wipf P, Yamaguchi Y, Fulton WB, Kovler M, Nino DF, et al. The
human milk oligosaccharides 2-fucosyllactose and 6-sialyllactose protect against the
development of necrotizing enterocolitis by inhibiting toll-like receptor 4 signaling.
Pediatr Res (2021) 89:91–101. doi: 10.1038/s41390-020-0852-3

40. He Y, Liu S, Kling DE, Leone S, Lawlor NT, Huang Y, et al. The human milk
oligosaccharide 2-fucosyllactose modulates CD14 expression in human enterocytes,
thereby attenuating LPS-induced inflammation. Gut (2016) 65:33–46. doi: 10.1136/
gutjnl-2014-307544

41. Xiao L, Leusink-Muis T, Kettelarij N, van Ark I, Blijenberg B, Hesen NA, et al.
Human milk oligosaccharide 2-fucosyllactose improves innate and adaptive immunity
in an influenza-specific murine vaccination model. Front Immunol (2018) 9:452.
doi: 10.3389/fimmu.2018.00452
frontiersin.org

https://doi.org/10.1038/s41572-018-0002-y
https://doi.org/10.1016/s2214-109x(19)30545-5
https://doi.org/10.1007/s40272-014-0098-9
https://doi.org/10.1002/jcph.1881
https://doi.org/10.3389/fimmu.2018.00743
https://doi.org/10.1136/gutjnl-2020-322771
https://doi.org/10.1001/jama.2016.17037
https://doi.org/10.3390/nu12041039
https://doi.org/10.3389/fimmu.2021.680911
https://doi.org/10.1038/s41467-018-07476-4
https://doi.org/10.1038/ismej.2014.10
https://doi.org/10.1016/j.virol.2017.04.032
https://doi.org/10.3389/fendo.2022.1014853
https://doi.org/10.3389/fnut.2022.962802
https://doi.org/10.1126/science.287.5454.860
https://doi.org/10.1016/j.jff.2021.104806
https://doi.org/10.4065/mcp.2009.0588
https://doi.org/10.1038/nrmicro.2017.14
https://doi.org/10.1038/s41390-022-02091-y
https://doi.org/10.1038/s41390-022-02091-y
https://doi.org/10.1203/01.pdr.0000200805.45593.17
https://doi.org/10.1128/iai.65.2.750-757.1997
https://doi.org/10.1016/j.coviro.2014.06.005
https://doi.org/10.1016/j.coviro.2014.06.005
https://doi.org/10.1038/s41598-018-20955-4
https://doi.org/10.3945/an.111.001404
https://doi.org/10.1016/j.it.2011.04.006
https://doi.org/10.1183/13993003.00949-2019
https://doi.org/10.1016/j.jpha.2019.09.005
https://doi.org/10.3389/fimmu.2022.812774
https://doi.org/10.3389/fimmu.2022.812774
https://doi.org/10.1002/jmv.26826
https://doi.org/10.1002/path.2287
https://doi.org/10.1038/s41577-018-0066-7
https://doi.org/10.1038/s41577-018-0066-7
https://doi.org/10.1016/0952-7915(92)90084-r
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1080/109374000281131
https://doi.org/10.1080/109374000281131
https://doi.org/10.1016/j.oraloncology.2004.09.007
https://doi.org/10.1016/j.tem.2019.10.001
https://doi.org/10.1016/j.tem.2019.10.001
https://doi.org/10.1016/s1359-6101(00)00026-5
https://doi.org/10.1016/s1359-6101(00)00026-5
https://doi.org/10.4049/jimmunol.1102742
https://doi.org/10.1038/s41390-020-0852-3
https://doi.org/10.1136/gutjnl-2014-307544
https://doi.org/10.1136/gutjnl-2014-307544
https://doi.org/10.3389/fimmu.2018.00452
https://doi.org/10.3389/fimmu.2024.1271926
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Enhancing immune regulation in vitro: the synergistic impact of 3&prime;-sialyllactose and osteopontin in a nutrient blend following influenza virus infection
	1 Introduction
	2 Materials and methods
	2.1 Cells and strains
	2.2 HMOs and OPN
	2.3 H1N1 virus TCID50 analysis
	2.4 Cytotoxicity analysis
	2.5 Cytopathic inhibition assay
	2.6 ELISA analysis
	2.7 RT-qPCR analysis
	2.8 Inhibition of influenza H1N1 virus by the compositions
	2.9 Statistical analysis

	3 Result
	3.1 Determination of TCID50 of H1N1 influenza virus
	3.2 Toxic effects of HMOs and OPN on HEP-2 cells
	3.3 Inhibitory effect of HMOs and OPN on HEP-2 cytopathy caused by H1N1 virus
	3.4 Inhibition of viral HEP-2 cytopathic lesions by 3&prime;-SL complex OPN
	3.5 H1N1 influenza virus inhibition assay
	3.6 RT-qPCR
	3.7 Inhibition of influenza H1N1 virus by the compositions

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


