
 

Ultrafine particles can change defense
against lung cancer
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nCB accelerates NSCLC development and metastasis in mice. (A) Schematic
diagram of nCB exposure in Pts4d/d mice. Three-month-old Pts4d/d mice
(C57BL/6 background) were exposed to sterile PBS or nCB (20 mg/ml in sterile
PBS) 12 times over a period of 1 month and euthanized after an additional
month. i.n., intranasal (B and C) Representative images and (D and E) summary
statistics of hematoxylin and eosin (H&E)–stained lung and stomach tissues from
the indicated groups of mice at 5 months of age. Scale bars, (top) 300 μm and
(bottom) 250 μm. PBS, n = 20; and nCB, n = 19. (F) Schematic diagram of nCB
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exposure in CCSP/EGFR mice. Two-month-old bitransgenic mice (FVB
background) were exposed to sterile PBS or nCB (20 mg/ml in sterile PBS) 12
times over a period of 1 month, followed by a diet of doxycycline chow for an
additional month to induce lung cancer. The mice were euthanized at 4 months
of age. (G) Representative images of H&E staining showing lung cancer
development. Early lepidic carcinoma (LC) was found in the PBS group. Diffuse
LC alone or with adenocarcinoma (Adeno.) was found in the nCB group. Scale
bars, (top) 300 μm and (bottom) 250 μm. (H) Summary statistics of the results
shown in (G). PBS, n = 30; and nCB, n = 26. Significance was determined by chi-
square and Fisher’s tests. *P Science Advances (2022). DOI:
10.1126/sciadv.abq0615

While it may seem common knowledge that smoking is bad for your
lungs, if and how ultrafine particles present in cigarette smoke impact
the development and progression of lung cancer remains unclear.
Researchers at Baylor College of Medicine sought to find how airborne
ultrafine particles in smoke can change a host's defense against lung
cancer.

In a study published in the current edition of Science Advances, Dr.
Cheng-Yen Chang, a postdoctoral fellow in Dr. Farrah Kheradmand's lab
in the Department of Medicine–Pulmonary at Baylor, and their team
discovered that exposure to ultrafine particles alters the function of
immune cells in the lungs, disabling their natural defense mechanism
against tumors. They found that ultrafine particles change the cell's
primary energy source, creating new byproducts in the lungs.
Accumulation of the new byproducts can decrease the host's immune
defense, allowing tumors to escape detection.

These particles are not just found in cigarette smoke; environmental and
other natural fires also incompletely combust organic matter that
generates ultrafine particles. Kheradmand and colleagues at Rice
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University had previously found that immune cells in the lungs of heavy
smokers contain particles that they identified as nano-sized elemental
carbon black.

"When we breathe, we inhale many particles of different sizes. They are
lodged somewhere along the airways, like in the nose or trachea,
depending on their size. Ultrafine particles are so small they can navigate
the respiratory system and deposit in the far distal part of the lung that is
used for gas exchange—the process of breathing," Kheradmand said. "It
is at that point where these particles can collect and begin to alter the
way lung immune cells function."

Using two different mouse models of lung cancer, Chang was able to
replicate the same type of exposure to ultrafine particles typically seen in
a heavy smoker. Both mouse models showed accelerated lung cancer
progression when mice were exposed to nano-sized carbon black.

"What we saw was that the immune cells changed what they used for
energy. They went from using fat, which is what is seen in the average
cell, to using sugar. The new byproducts alter immune cells allowing for
tumors to escape recognition," Chang said. "This exposure made tumors
more aggressive and more likely to metastasize or spread throughout the
body."

Another surprise was that whether mice were predisposed to develop
cancer didn't matter; exposure to ultrafine particles still led to changes in
energy usage from fat to sugar in immune cells even in the absence of
any tumor.

"The particles change the powerhouse of the cells, altering their internal
machinery," Kheradmand said.

The study only looked at how the ultrafine particles affected immune
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cells and cancer development; further studies are still needed to look at
other factors such as the concentration of particles and length and type
of exposure.

"We are only looking at the significance of having these particles present
in the airways—whether they are causing and progressing the disease.
We know they have been found in smokers' lungs so our study simulated
exposure similar to a heavy smoker," Kheradmand said.

Chang and Kheradmand have shown in a past study that there is a way to
make these particles more soluble so they can be cleared from the lungs.
However, this is in lab models and only the first step to a potential
treatment in the future and not a way to make smoking safe.

"As a rule of thumb, when it comes to smoking in general, there is no
way to make any amount of exposure safe," Kheradmand said. "The best
is to avoid exposure from the start."

  More information: Cheng-Yen Chang et al, Chronic exposure to
carbon black ultrafine particles reprograms macrophage metabolism and
accelerates lung cancer, Science Advances (2022). DOI:
10.1126/sciadv.abq0615
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