l\' frontiers

HUMAN HEALTH
Published: 21 April 2022
doi: 10.3389/frym.2022.701607

Amanda Rundblad?®’, Kirsten B. Holven'?, Linn K. L. @yri', Patrik Hansson?, Ingvild H. Ivan?, Gyrd
O. Gjevestad?, Magne Thoresen® and Stine M. Ulven*

IDepartment of Nutrition, Faculty of Medicine, Institute of Basic Medical Sciences, University of Oslo, Oslo, Norway

2Norwegian National Advisory Unit on Familial Hypercholesterolemia, Department of Endocrinology, Morbid Obesity and
Preventive Medicine, Oslo University Hospital, Oslo, Norway

SDepartment of Clinical Medicine, Faculty of Health Sciences, UiT The Arctic University of Norway, Tromsa, Norway
“Marketing Department, TINE SA, Oslo, Norway

Faculty of Medicine, Oslo Centre for Biostatistics and Epidemiology, Institute of Basic Medical Sciences, University of Oslo,
Oslo, Norway

Dairy is important in many people’s diets. Although all dairy products

are made from cow'’s milk, various dairy products are made by
AMAYAH different processes. This means that they can end up having different
AGE: 16 nutrients and properties. Researchers and nutritionists usually group
all dairy as one food group, but this might miss information about
the health effects of eating different dairy products. Immune cells
are important to protect us when we get sick. Sometimes, immune
cells can be turned on for the wrong reasons and cause too much
inflammation, which can lead to diseases. We studied immune cells
from people who ate meals with either butter, cheese, whipped
cream, or sour cream. After eating cheese and sour cream, immune
cells showed fewer signs of inflammatory processes than after eating

KAY

AGE: 13
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FERMENTATION

A process where sugar
is broken down without
the use of oxygen into
end products like
alcohol or lactic acid.
Bacteria produce lactic
acid during
fermentation of

dairy products.

IMMUNE SYSTEM

A network of different
cells and molecules
that has the very
important job of
protecting us from
pathogens such as virus
and bacteria.

SATURATED FAT

Fat molecules without
any double bonds
between carbon atoms.
High amounts of
saturated fat is found in
meat, dairy, and
tropical oils like
coconut and palm oil.

INFLAMMATION

The process where the
immune system is
fighting and trying to
eliminate a threat to
the body, like virus

or bacteria.

CARDIOVASCULAR
DISEASE (CVD)

Diseases of the heart
and blood vessels. The
most common forms
of CVD, like heart
attacks, are caused

by atherosclerosis.

ATHEROSCLEROSIS

The process where fats,
like cholesterol,
accumulate in blood
vessel walls. Immune
cell also enter the
vessel wall to eat

the cholesterol.
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butter and whipped cream. This may mean that cheese and sour
cream could be healthier than butter and whipped cream.

DAIRY—MANY DIFFERENT PRODUCTS MADE FROM THE
SAME MILK

Many people eat dairy products every day. Milk, cheese, cream, butter,
yogurt, and sour cream have very different tastes and textures, but they
are allmade from cow'’s milk. Bacteria are added during the production
of some dairy products, like cheese, yogurt, and sour cream, to start a
process called fermentation. Such products are called fermented dairy
products. Dairy fermentation involves adding bacteria to milk. The
bacteria break down the milk sugar and, in the process, create a waste
product called lactic acid. The lactic acid produced by fermentation
gives these products their sour taste. Fermentation may also produce
other molecules that can affect our health.

Are dairy products healthy? This is actually a difficult question to
answer [1]. On one hand, dairy foods are a great source of protein,
calcium, potassium, and vitamins B2 and B12. These nutrients ensure
healthy growth and development of muscles, bones, and the immune
system. On the other hand, many dairy products, like butter, cream,
cheese, and sour cream contain a high amount of fat. About 65%
of this fat is saturated fat. Eating too much saturated fat increases
levels of "bad” cholesterol, called LDL-cholesterol, and may also cause
inflammation. Both LDL-cholesterol and inflammation contribute to
the development of heart disease, also known as cardiovascular
disease (CVD).

HOW ARE IMMUNE CELLS INVOLVED IN HEART
DISEASE?

CVD is the main cause of death worldwide [2], however, it is a
disease that can mostly be prevented by having a healthy lifestyle.
The most common effects of CVD, like heart attacks, are caused by
atherosclerosis. Atherosclerosis is a build-up of LDL-cholesterol and
other fats on the insides of blood vessel walls (Figure 1), forming
what are called plaques [3]. This build-up attracts cells of the immune
system, which enter the vessel wall and eat LDL-cholesterol, the same
way that they eat other threats to the body, like viruses and bacteria.
As the plague gets bigger, the immune cells send out inflammatory
signals to attract even more immune cells to help. This makes the
plaque inflamed, similar to a pimple. Eventually, the plaque may burst
and clog up the blood vessel, which may partly block the blood flow
and make it more difficult for the heart to work properly. Sometimes
the flow of blood to the heart can be completely blocked, which
causes a heart attack.
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Figure 1

In atherosclerosis,
LDL-cholesterol (“bad”
cholesterol) and
immune cells enter
blood vessel walls and
form build-ups called
plagues. Immune cells
eat LDL-cholesterol
and cause
inflammation of the
plague. Eventually, the
plaque may burst,
which can block the
blood vessel and could
cause a heart attack.

PLAQUE

The site of cholesterol
and immune cell
accumulation inside
the vessel wall. As
atherosclerosis
continues, the plaque
becomes bigger and
more inflamed, like

a pimple.

Messenger RNA
(mRNA)

A copy of a gene in the
DNA. The mRNA carries
the information about
how to make a protein
from the recipe in DNA
to the cell machinery
that makes proteins.
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GENES AND PROTEINS

DNA is like a cookbook, and genes are the different recipes for specific
proteins. Cells do not need all genes at all times. However, when a
cell needs a gene, it can make a copy of that specific recipe. This
copy is called messenger RNA (mRNA). The copy of the needed
protein recipe is sent to the part of the cell that makes proteins.
When the cell no longer needs the protein, the mRNA is broken down.
Therefore, by measuring the levels of different mRNAs, we can see
which proteins a cell is currently making, which gives us information
about the processes that are active within a cell. Proteins have many
different functions in the body, like speeding up chemical reactions,
supporting the shape of cells and tissues, and sending signals from
one place to another. Many of the proteins produced by immune cells
are involved in inflammation.

WHAT DOES EATING FERMENTED DAIRY PRODUCTS DO TO
OUR IMMUNE CELLS?

We asked whether eating fermented or non-fermented dairy products
affects the mRNA levels in immune cells. We wondered whether
different dairy products would have different effects on inflammation,
which, as you now know, is a key process in CVD. To study this,
healthy participants were fed one of four different meals, made up of
four different high-fat dairy products [4]. Two of the meals included
non-fermented dairy products: butter and whipped cream. The other
two included fermented dairy products: cheese and sour cream. We
took blood samples from the participants before they ate anything.
Then, they ate one of the four types of dairy meals. A few hours
later, we took blood again. We collected immune cells from the blood
samples and studied the cells" mRNA. We also measured the blood
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Figure 2

Changes in mRNA
levels after eating the
four meals are shown
with colored arrows.
Up-arrows show
increases in MRNA and
down-arrows show
decreases. Stronger
colors and bigger
arrows indicate bigger
differences. Each row
shows which mRNAs
were studied. These
results told us that after
the participants ate the
fermented dairy
products (cheese and
sour cream), their
immune cells were less
active in inflammatory
processes than after
eating the
non-fermented
products (butter and
whipped cream). This
may mean that
fermented dairy is
healthier than
non-fermented dairy.

Rundblad et al. Different Dairy Products and Health

e | & | ) | v
—

Gene functions

| Butter | l Cheese || Whipped cream | I Sour cr;am |

1 ! I I

Immune cell activation

Immune cell
communication

threats

Training of immune
' cellstorecognize

Attraction of immune
cellstoinflamed site

Figure 2

levels of inflammatory signals and amino acids, the building blocks
of proteins.

We found changes in mRNA levels depending on which dairy products
the participants ate (Figure 2). We saw that the number of mRNA
molecules for proteins involved in inflammation increased after
eating non-fermented dairy products and decreased after eating
fermented dairy products. For example, the mRNA for proteins that
activate immune cells and attract them to the site of inflammation
decreased after participants ate the cheese meal. The same was
true of mRNA for proteins involved in immune-cell communication.
Communication-related mRNA increased after the participants ate
the butter meal. This means that the immune cells were more
active in inflammatory processes after the butter meal than after the
cheese meal. We also found that, after eating the butter and whipped
cream meals, the level of inflammatory signals in the participants’
blood increased.

DOES THE HIGH PROTEIN CONTENT OF CHEESE LOWER
INFLAMMATION?

Cheese contains more protein than the other dairy products that
we tested. When we eat proteins, they are broken down into their
amino acid building blocks. This breakdown happens in the stomach
and intestine, and the amino acids are absorbed into the blood.
From Figure 3, we can see that the amino acid levels in the blood
increased more after eating cheese than after eating the other dairy
products. We also saw that, when amino acid levels increased, levels
of the mRNAs we analyzed also increased. Similarly, when amino acid
levels decreased, mRNA levels decreased. We cannot be sure that
the changes in amino acids caused the changes in mRNA levels, but
the amino acid changes may be linked to the mRNA changes. This
result tells us it is possible that the high protein content in cheese may
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Figure 3

Change in the levels of
amino acids in blood
after eating four

different dairy products.

The dotted line
represents no change.
Boxes above the line
show an increase, and
below the line a
decrease. Levels of
amino acids increased
after participants ate
cheese but decreased
after eating the other
dairy products. The
dark line inside each
box indicates the
average change in the

whole group of people,

and the lines coming
out of the top and
bottom show the
largest and smallest
changes for each meal.
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contribute to the lower levels of inflammatory gene mRNA seen after
eating cheese compared to the other dairy products.

ALL DAIRY PRODUCTS ARE NOT EQUAL

To summarize, after the participants ate the fermented dairy products,
their immune cells were less active in inflammatory processes
than after eating the non-fermented products. This may mean that
fermented dairy is healthier than non-fermented dairy. The difference
in nutrient content of different dairy products, such as the high protein
content of cheese, may be involved in these effects. We did not
examine the effects of eating other types of milk products in this study,
such as goat's milk or plant-based milks like almond milk. Because
goat’'s milk and almond milk contain different amounts of nutrients
and fatty acids than cow’s milk, drinking these milks would probably
have a very different effect on immune cells.

As mentioned earlier, it is not easy to determine if dairy products
are healthy or unhealthy. Previous research does not seem to agree
on whether eating dairy increases or decreases a person’s chance of
developing CVD. One reason for these conflicting results may be that
dairy products have different nutritional qualities. Conclusions from
results of MRNA studies must be made carefully, because these studies
can often be complex and the data can be interpreted multiple ways.
We also need to see similar results from many different studies, to be
confident of our findings. But at this point, our findings suggest that
different dairy products may have different effects on our health! In
future studies, it is important for researchers to consider categorizing
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dairy products into specific groups, rather than considering dairy as
one large group.
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AMAYAH, AGE: 16
Amayah is an avid reader. She likes learning new technologies and playing
video games.
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