
w.sciencedirect.com

b i om e d i c a l j o u r n a l 4 4 ( 2 0 2 1 ) 6 4 5e6 5 0
Available online at ww
ScienceDirect

Biomedical Journal
journal homepage: www.elsevier .com/locate/b j
Highlights
After me, the deluge
The intricacies of pulmonary surfactant
Aila Akosua Kattner*

Freelance Journalist, Berlin, Germany
a r t i c l e i n f o

Article history:

Received 13 December 2021

Accepted 13 December 2021

Available online 20 December 2021

Keywords:

ARDS

Surfactant

Epithelial mesenchymal transition

Pancreatic cancer

Diabetic wound healing
* Corresponding author.Freelance Journalist,
E-mail address: aila.kattner@gmail.com.

Peer review under responsibility of Chan
1 http://www.ancienttexts.org/library/mes
2 https://www.encyclopedia.com/humanit

20peoples%2C%20the%20Incas,not%20given%
3 https://www.boxofficemojo.com/year/wo
4 https://www.boxofficemojo.com/year/wo

https://doi.org/10.1016/j.bj.2021.12.003
2319-4170/© 2021 Chang Gung University. P
license (http://creativecommons.org/license
a b s t r a c t

This issue of the Biomedical Journal provides a comprehensive insight into the role of pul-

monary surfactant and influencing its components as well as involved molecules to treat a

variety of respiratory distress disorders. We also discover how epithelial mesenchymal

transition (EMT) could be targeted as part of a therapeutic strategy against lung cancer.

Furthermore, a method is described to eliminate chemoresistance against gemcitabine, a

drug administered to treat pancreatic cancer. We gain an insight into the composition of

salivary calcium particles in periodontitis, a technique to circumvent complications in hip

surgery, and a potential treatment to accelerate diabetic wound healing. Moreover, we get

to know an essential oil that exerts a similar effect as diazepam on the central nervous

system. A trial in patients with myofascial pain syndrome demonstrates how laser assisted

trigger point therapy leads to immediate relief. Finally, a case study outlines the discovery

of a genetic mutation that plays a role in intellectual disability.
Spotlight on reviews

Throughout centuries, stories of great floods have found their

way into a number of mythological and religious texts. In the

Epic of Gilgamesh for example, a Sumerian epic poem from

Mesopotamia (2100 BC), it is described how the five gods

decided to wipe out the humans they created by flooding the

Earth.1 Texts from later ages, that revive this topic, are the

Atra-hasis (1800 BC) and the Genesis floodmyth in the Hebrew

Bible and the Christian Old Testament [1,2]. Similarly, the

Incas have a story about a great flood that was sent to
Berlin, Germany.
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eradicate “wicked and unruly people”.2 Even in modern pop

culture, movies about great deluges were immensely suc-

cessful, although the origins of the catastrophes are not

attributed to external forces but humanity itself: The Day After

Tomorrow became the 6th highest grossing movie in 2004,3

2012 was the 5th highest grossing movie worldwide in 2009.4

Fluid buildup in the alveoli has become an even more ur-

gent challenge for research and healthcare since COVID-19

mortality is mainly driven by a disrupted fluid metabolism.

Pulmonary edemas are a direct consequence of a severe acute

respiratory syndrome coronavirus (SARS-CoV-2) infection [3].
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Fig. 1 The (dis-)balance between surfactant consumption and production in respiratory distress syndrome (RDS; with A ¼ acute,

P ¼ pediatric, N ¼ Neonatal) and pulmonary alveolar proteinosis (PAP) (Source: Luca et al. [9]).
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Acute respiratory distress syndrome (ARDS) is character-

ized as respiratory failure due to non-cardiogenic pulmonary

edema. It can be caused by an infection or sepsis through

pathogens or non-pulmonary sources, severe trauma, and at

times also pancreatitis or drug reactions. ARDS is divided into

three categories depending on the severity of hypoxemia. The

inflammation pathways activated upon the damage of lung

tissue contribute on the one hand to the clearing of pathogens.

However, an excessive inflammatory response might also

worsen alveolar damage and further epithelial permeability,

thus resulting in the accumulation of protein-rich alveolar

edema fluid. Fluid accumulation in the interstitium and air

space of the lungs increases the work of breathing and also

causes further hypoxemia. The osmotic gradient is disrupted

which additionally inhibits alveolar fluid clearance [4,5].

Pulmonary compliance is essential for the expandability of

the lungs and chest wall. It is defined as the change in volume

in the lungs divided by a given pressure change across the

lungs. One main factor influencing lung compliance is the

surface tension between the liquid/air interphase in the

alveoli. The alveolar surface tension is lowered by pulmonary

surfactant secreted by type II pneumocytes [6]. Pulmonary

surfactant is a liquid film of specific phospholipid-proteins

that covers the alveolar epithelium [7]. Surfactant is

comprised of four proteins, SP-A and SP-D, which are hydro-

philic. SP-B and SP-C are hydrophobic [8]. 90% of surfactant

consist of lipids and about 10% are proteins [5]. The type II

pneumocytes producing the surfactant are also responsible

for salvaging and degrading surfactant compounds [9].
A lower surface tension increases lung compliance and

prevents collapse of the lung at the end of the expiration. The

lungs inflate more easily and the work of breathing is reduced

[6]. Surfactant furthermore plays a role in interactingwith and

eliminating pathogens. Additionally, it modulates immune

responses [8].

Pulmonary compliance decreases in restrictive and fibrotic

lung diseases, which affect the inhalation. It is normal or in-

creases in obstructive conditions that lead to trapped air in the

lungs, thus influencing the exhalation [6].

Primary deficiencies of surfactant components can be

observed in neonatal respiratory distress syndrome (NRDS) as

well as a variety of acute and chronic lung disorders. In adults,

secondary deficiency is possible by direct or indirect insults [7].

Increased surfactant on the other hand is a consequence of

the accumulation of surfactant-derived lipoprotein com-

pounds as in pulmonary alveolar proteinosis. The interplay

although is complex: abnormal surfactant production or

function is associated with lung diseases and vice versa, pul-

monary infections alter surfactant metabolism [8].

Treatment approaches and research of ARDS include lung

protective ventilation, fluid management strategies and the

use of anti-inflammatory agents as well as targeting mole-

cules and cells that stabilize endothelial and epithelial

cellecell junctions [4].

In infant RDS, therapies are used to replace and preserve

surfactant [8]. In the case of neonate RDS, individualized

surfactant replacement therapy needs to be initiated within

three hours after birth to be most effective. However, in order

https://doi.org/10.1016/j.bj.2021.12.003
https://doi.org/10.1016/j.bj.2021.12.003


b i om e d i c a l j o u r n a l 4 4 ( 2 0 2 1 ) 6 4 5e6 5 0 647
to do so, it is necessary to have reliable biological tests that are

at the same time easy to use at the bedside. Autilio hence

reviews currently potential candidates to evaluate surfactant

status, one being the lamellar body count. The more lamellar

bodies are present, themoremature the fetal lung. Qualitative

tests could be performed on the stability of microbubbles in

amniotic fluids or gastric aspirates as well as indirectly

assessing surface tension via surfactant adsorption test [10].

Surfactant replacement therapy is not efficient in the case

of secondary deficiency due to the degradation by phospho-

lipase A2 (PLA2) enzymes [7] and has demonstrated no

improvement in ARDS. Treating ARDS at an earlier stage with

replacing surfactant could be promising, however, this would

require recognizing the syndrome before it becomes severe

[8]. Possible diagnostic markers for patients with acute lung

injury are for instance isoforms of PLA2 [11].

In the editorial note of this issue, Luca and Touqui sum-

marize the history and current progress in understanding the

specificities of pulmonary surfactant. They raise awareness to

the pitfalls in surfactant research over the past four decades,

criticizing the lack of crosstalk between neonatal and adult

intensive care, which would have promoted developing sur-

factant therapy approaches [12]. It seems that surfactant

deficiency played a major role in infant respiratory distress

syndrome (RDS) but not in acute respiratory distress syn-

drome (ARDS) [5]. Luca and Touqui consider surfactant ther-

apy as promising in RDS and beyond, emphasizing that the

current pandemic has sparked the interest in this topic [12].

In a further review, Luca and Autilio elucidate the current

knowledge about the mechanisms of pulmonary surfactant

consumption and production. The two processes are normally

well balanced, ensuring low surface tension. Quantitative and

qualitative disorders in this system involve surfactant catab-

olism and recycling [see Fig. 1]. Luca and Autilio finally eval-

uate strategies to protect surfactant and foster its activity,

approaches include regulating secreted PLA2, whole-body

hypothermia, repeated surfactant bolus or lavage with

diluted surfactant solutions [9].

The mammalian PLA2 family comprises more than 30 en-

zymes that are sub-categorized into structurally related fam-

ilies [13]. The classification depends on topology, size, amino

acid sequence homology, Ca2þ and substrate need [7]. PLA2s

are released by human inflammatory cells. Several PLA2s are

involved in the pathogenesis of ARDS with some showing an

anti-inflammatory effect and others contributing to surfac-

tant production [11].

Kitsiouli et al. highlight the diversity and importance of

PLA2 isoenzymes expressed in ARDS. They suggest looking

closer at PLA2s' spatiotemporal expression and also in-

teractions with sets of functional cellular components for

advancing the discovery of new drugs against ARDS [7].
5 https://www.businessinsider.com/sharks-animals-use-earth-
magnetic-field-navigate-2021-5, last access 12/7/2021.

6 https://undark.org/2018/01/26/books-alanna-mitchell-
spinning-magnet/, last access 12/7/2021.

7 https://www.nationalgeographic.com/science/article/earth-
magnetic-field-flip-north-south-poles-science, last access 12/7/
2021.
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Birds flying high & fish in the sea
Earths' magnetic field plays an important role for many ani-

mal species. Among others, birds, whales, sharks, snails,
honey bees and mole rats rely on magnetic cues to orientate

themselves for the purpose of migration.5 In 2018, an article

predicting the dangers of a geomagnetic reversal by the sci-

ence journalist Alanna Mitchell shook the online community.

It painted a potentially dark future for Earth's inhabitants in

terms of biology, climate, cosmic radiation, and more, espe-

cially also for the modern civilization and the electronic tools

it relies on.6 Luckily for us it seems that changes in polarity in

this magnitude happen rather slowly. So slowly that humans

as well as animals might adapt in time, thus escaping mass

extinction.7

Polarity in cells is characterized by an asymmetric distri-

bution of cell components and cytoskeleton. It plays a crucial

role for specialized cell functions [14]. In epithelial tissue, po-

larity ensures its function as selective barrier, lining a surface of

the body or an internal cavity. Furthermore, polarity plays a

role in the establishment as well as maintenance of higher

order epithelial tissue architecture [15]. Loss of the specific

polarity is at the same time elementary for epithelial cells in

order to become mesenchymal stem cells during embryogen-

esis or wound healing [16]. Epithelial mesenchymal transition

(EMT) however also contributes to progression of diseases like

organ fibrosis and cancer. Inhibiting EMTmight hence be a key

target for developing therapeutic strategies [17].

Niu et al. examine the effect of the microRNA mimic miR-

188-5p on the EMT of lung cancer cells in vitro. They find that

the over-expression suppresses metastasis by targeting inter

alia the gene MGAT3 as well as the cell-adhesion molecule E-

cadherin. miR-188-5p shows thus the potential of being

explored both as a therapeutic candidate as well as a

biomarker for themanagement of metastatic lung cancer [18].

“Dogs never bite me. Just humans.” [19]
When thinking about the hunter-gatherer societies of the

Paleolithic age, many troublesome reasons come to mind

that would endanger the survival of our ancestors back then.

The nomadic lifestyle required strenuous physical activity of

men, women and children, resilience to overcome harsh

climate conditions, food scarcity, dangerous animals and

diseases [20]. Interestingly, one of the deadliest injuries one

could incur was being bitten by another human. Our under-

standing used to be that human-specific, infectious diseases

developed during the Neolithic. However, it seems that

tropical diseases have much older origins. As our hominid

ancestors were still isolated in Africa, many tropical diseases

rose and spread around 2.5 million to 10,000 years ago [21].

Although it has been shown that Neanderthals, who

appeared around 30,000 years ago, apparently made very

rudimentary use of medicinal plants to fight infections

[22,23], one can assume that infections played a major role in

decimating the small, nomadic tribes.
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Looking only at the bacterial inoculum that comes with a

human bite wound of the current age, one finds 100 million

organisms permilliliter with around 190 different species in it.

Most of the pathogens that are contained in saliva flourish in

the tartar of the teeth or the gingiva.8 Due to the number and

kind of pathogens that can be present in saliva, human bite

wounds are considered to be as or even more dangerous than

animal bites.9 Being bitten by another hominoid was by the

way not that uncommon in the Paleolithic age. It is hypothe-

sized that ancestral warriors used techniques like jaw

clenching to strengthen the masseter and temporalis muscles

in order to inflict more lethal, defensive bites [24].

The dysbiosis of dental plaque also constitutes a pressing

issue for humans of the current age, considering that it is

involved in the pathogenesis of periodontitis. Peng et al. un-

dertook the endeavor to examine in detail the composition of

calcium particles in saliva that contribute to the hardening of

dental plaque into calculus. The subsequent inflammation of

the periodontium might finally lead to periodontitis in the

presence of oral microorganisms and the pro-inflammatory

compounds they produce. Peng et al. showed that the

calcium-based particles in the saliva differ by size, shape and

recruit different salivary proteins. They may thus contribute

to different extent to the inflammation of the gingiva or on the

other hand participate in antimicrobial defense [25].

Cat's whiskers in the treatment of pancreatic cancer
Pancreatic cancer is the fourth leading cause of cancer-related

deaths globally [26]. The five year survival rate for it is very low

with 5e10 percent. This is due to the fact that pancreatic

cancer is mostly diagnosed at an advanced stage only since it

shows little to no symptoms in early stages.10

The chemotherapy drug gemcitabine is part of the Model

List of Essential Medicine of the WHO11 and has become a

standard in the treatment of pancreatic cancer since its

effectiveness has been demonstrated in 1997 [27]. Unfortu-

nately the drug has quite a number of serious side effects,

since it targets fast dividing cells like cancer cells but hence

also bone marrow or stomach lining.12 Beyond that, patients

may develop insensitivity to the drug due to multi-drug

resistance (MDR), underlying mechanisms involve

epithelialmesenchymal transition (EMT) as well as well as the

h-ENT-1 protein that plays a role in the intracellular uptake of

gemcitabine [26,28]. Yeyha et al. set out to investigate the ef-

fect of ethanolic extract of Orthosiphon stamineus on pancreatic

cancer cells in comparison to rosmarinic acid plus gemcita-

bine [26]. The herb is also known as Java tea or Cat's
8 https://emedicine.medscape.com/article/218901-overview,
last access 12/7/2021.

9 https://www.mayoclinic.org/first-aid/first-aid-human-bites/
basics/art-20056633, last access 12/7/2021.
10 https://www.hopkinsmedicine.org/health/conditions-and-

diseases/pancreatic-cancer/pancreatic-cancer-prognosis, last ac-
cess 12/9/21.
11 https://list.essentialmeds.org/medicines/92, last access 12/9/

21.
12 https://www.medicines.org.uk/emc/product/2490/

smpc#UNDESIRABLE_EFFECTS, last access 12/10/21.
13 https://pfaf.org/user/Plant.aspx?

LatinName¼Orthosiphonþaristatus, last access 12/10/21.
Whiskers13 and widely used in Asia against various ailments

of kidney and bladder [29]. Yeyha et al. successfully demon-

strate in vitro the synergistic effect of O. stamineus and gem-

citabine, inducing cell senescence and subsequent apoptosis.

Additionally, h-ENT1 expression is heightened, thus possibly

reducing the expression of multidrug resistant genes [26].

When phytotherapy and 670 nm come together
Before the arrival of colonizers, there existed around 200,000

different indigenous tribes in Brazil who disposed of a vast

ethnomedical knowledge [30]. Solidago chilensis is one of the

herbs that are still used today, it has anti-inflammatory ef-

fects. In 2009, S. chilensis was included in the national list of

native medicinal plants used by the Brazilian public health

system [31].

Since wound closure in diabetics is deficient [32], the pro-

cess does not follow the normal, dynamic four phases of

wound healing. Wounds in diabetic patients therefore require

prolonged time to heal. Moreira et al. investigated the effects

of S. chilensis in rats either by using the herb in combination or

absence of low laser therapy, which is a method to minimize

burn lesions. The combination of both revealed to be superior

to single application of phytotherapy or laser. The laser

application allows the components of the herb to permeate

the cell membrane more efficiently, eventually reducing the

inflammatory phase as well as improving tissue repair by

fostering angiogenesis [33].

Having a screw loose
The use of a dynamic hip screw (DHS) is primarily indicated in

stable hip intertrochanteric fractures that are compressible.14

Especially in elderly patients with unstable hip fractures,

excessive sliding of the lag screw and inadequate bone

anchorage pose a problem [34].

Chang et al. present a retrospective cohort study on the

outcomes of conventional versus bone substitute-augmented

DSH (BSA-DHS) surgery in 85 patients treated for osteoporotic

intertrochanteric fracture [35]. They concluded that lag screw

sliding, varus collapse and femoral shortening was reduced in

BSA-DHS. Also, the pain score in BSA-DHS was lower in the

first six months after surgery in comparison to the conven-

tional approach. The use of autograft or PMMA cement for

augmentation has a few disadvantages. Chang et al. hence

used a biphasic mixture of hydroxyapatite and beta-

tricalcium phosphate15 in their study and thus successfully

improved the quality of the bone-implant interface [35].

Mother's little helper16

In 2021, diazepam (originally marketed as Valium) celebrated

58 years since its market launch. For decades, benzodiaze-

pines have caused controversy since they were over-

enthusiastically prescribed at first. Only in the 1980s it became

clear to clinicians then, that the class of benzodiazepines can
14 https://www.touchsurgery.com/simulations/dynamic-hip-
screw-2, last access 12/9/21.
15 https://taiwan-pavilion.com/file/1631084284_FM.pdf, last ac-

cess 12/10/21.
16 https://www.northpointrecovery.com/drugs-in-pop-culture/,

last access 12/9/21
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be largely problematic especially when used in the long run.

The substance would be heavily abused and leads to depen-

dence [36].

Traditional medicine practices around the world also

include the use of essential oils (EOs). EOs are administered in

various forms for their antimicrobial, antibiotic, antiviral,

anti-inflammatory and antioxidant properties. Furthermore,

they are beneficial against stress, and in treating depression

and insomnia [37]. Kwangjai et al. present their findings on the

influence of citrus EO on the central nervous system in rats.

The research team concludes that the oil's effects are similar

to diazepam, although in contrast to the drug, citrus EO de-

creases REM sleep latency and increases the total time and

episode numbers of REM sleep [38].

Lighting up a traditional healing approach
Acupuncture has been used for more than 2500 years to treat

chronic pain [39,40]. However, it seems that its application

proves to be only partially effective in patients with chronic

cervical myofascial pain syndrome (MPS). A study found that

acupuncture must be received for three weeks to reduce pain

in MPS significantly, the onset of symptom relief is gradual

and the duration of the relief is rather short with 1.5 days [40].

Chang et al. set the objective, to compare the immediate

effectiveness of low-level laser therapy (LLLT) applied on

traditional acupuncture points or trigger points in cervical

MPS. The group verified in a single-blinded, randomized,

placebo-controlled trial the efficacy of LLLT when used on

trigger points, showing that this approach immediately

provides relief to patients and improves the cervical range

of motion to a satisfying degree. The therapy strategy

might therefore be a feasible alternative in patients with

cervical MPS where classical acupuncture therapy is un-

available [39].
Brief communication

The power of words
The campaign “Spread the word to end the word” led 2010 to

the passing of Rosa's Law in the U.S. It is a federal law that

commits to replacing the previously common terminology

“mental retardation” in courts and diagnosis documents with

“intellectual disability” (ID).17,18 The R-word is considered at

the same time excluding as well as hurtful to people with

intellectual and developmental disabilities. Still today the

global engagement campaign pledges itself to not just elimi-

nating a word, but to creating a reality where people with all

intellectual and developmental disabilities are included.19

Chen and his colleagues present their findings on the

whole-genome sequencing analysis of a family with two sis-

ters diagnosed with moderate ID, schizophrenia and anxiety.

The group identified a novel homozygous nonsense mutation

in the LINS1 that was transmitted to the girls from the parents

who were heterozygous carriers [41].
17 https://www.govinfo.gov/content/pkg/STATUTE-124/pdf/
STATUTE-124-Pg2643.pdf, last access 12/9/21.
18 https://www.govinfo.gov/content/pkg/STATUTE-124/pdf/

STATUTE-124-Pg2643.pdf, last access 12/9/21.
19 https://www.spreadtheword.global/about, last access 12/9/21.
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