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Abstract:

High altitude can be described in terms of elevations as low as 1500 meters to those as high as 8800 meters. For
the particular purposes of tracking various immune parameters within humans, very few studies have been carried
out so far at high altitude. For environmental conditions such as high-altitude military personnel and
mountaineers may need to operate. There are various and varying stressors, for example, high altitudes, moisture
and the supply of food and water, lengthy moderate to extreme physical activity, minimal or insufficient sleep,
increased susceptibility to infection and injury, etc. The consequences of high exposure to high altitudes are
discussed in this review.
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INTRODUCTION:

Inflammatory bowel disease can include two main
types: Crohn's disease and Ulcerative colitis. These
are damaged disorders that have a chronic
inflammatory response to commensal intestinal
flora®. Ulcerative colitis is an inflammatory bowel
disease correlated with dramatic weight loss,
stomach pain, bloody diarrhea, and inflammatory
cell infiltration>#. Although 1BD has not been
correctly identified for pathogenesis, there is an
apparent genetic susceptibility, and environmental
factors have been established®. The hypoxia seems
to be a principal cause of inflammation, and living
organisms  are  creating  instruments  of
acclimatization to ensure homeostasis®’. Scientific
studies show high concentrations of inflammatory
markers such as interleukin-6, C-reactive protein,
and interleukin-8 and lower levels of an anti-
inflammatory cytokine such as interleukin-10
in high altitude participants, indicating that hypoxia
is an essential part of inflammation activity®®. The
immune system consists of a complex network of
cells and soluble mediators that communicate in a
highly regulated procedure to create a suitable
immune response.’® The nature of a variety of
immunological functions and their control and
amplification mechanisms, in particular, make it
difficult to wunderstand how diverse extreme
environmental conditions such as high altitude,
hypoxia, wind, cold and microgravity mediate some
parts of immune changes.*! For the study of complex
biochemical processes, the use of high-altitude
stress as a model of biological science has been of
interest. Prolonged stay at high elevation will affect
the human immune system physiologically. High-
altitude environmental factors such as UV exposure,
cold and hypobaric hypoxia can influence the
immune system and make it more vulnerable to
cancer, various infectious diseases, and autoimmune
disorders'?. Specific environmental conditions by
some pathways modulate the activities of the
immunocompetent cells. The net result can be either
immunostimulant or immunosuppression,
depending on individual stress and other factors.
The general concern is that stressful environmental
conditions will interfere with immune homeostasis
by modulating immunoregulatory activities. This
can cause immunodeficiency or autoimmunity. A
mechanistic analysis of the impact of environments
at high altitude on human lymphocyte
immunomodulation was performed less regularly
than was the case for rodents!*-'. To anyone, young
or old, fit or unfit, it is important to have a general
understanding of how environmental factors can
affect overall health and daily task results. This
analysis deals with recent immunological studies
that examine how the body adapts to these
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environmental stimuli or stressors for short-term
(acute) and long-term (chronic) exposure.

1.1 What Is Ulcerative Colitis?

Ulcerative colitis is an inflammatory bowel disease,
which is characterized by the development of ulcers
in the colon. Scientific classified the gastrointestinal
injury according to variation of the infected area. For
example, the depth of the inflammation in the
intestinal wall and the characteristic of their
pathophysiology. Usually, the end of the colon is
associated with the rectum?6. Ulcerative proctitis is
restricted to the rectum, and primarily affects the
mucosal and submucosal layers in the gut wall. It
can also happen in the whole region of the colon,
even though UC impacts only some parts of the
colon in some cases!’. The inflammation might
spread into the upper parts of the colon to different
degrees. The whole colon infected is denominated
generalized colitis. Symptoms of the disease grow
over time rather than suddenly include intermittent
rectal bleeding, crampy abdominal pain, and
diarrhea®. Many patients have long remissions,
including without medication. After a long history
of symptoms, ulcerative colitis can cure suddenly.
The most reliable diagnostic test is direct
visualization by endoscopy and bowel lining biopsy.
Ulcerative colitis treatment requires medications
and surgery; food flexibility can be beneficial
often?,

1.2 Prevalence of ulcerative colitis

In recent decades, IBDs were increasing not only in
the Western but also in Asia with the growth of
industrialization'®. In 2015 an estimated 1.3% or 3
million people in the United States adults were
diagnosed with IBD. It was a significant increase
since 1999. Ulcerative colitis (UC) affects about 1
million people in the United States. The annual
incidence of Ulcerative colitis (UC) cases is between
10.4 and 12 per 100,000 citizens, and the prevalence
rate is between 35 and 100 per 100,000. Five times
more severe than Crohn's disease are ulcerative
colitis. The condition is more severe in women than
for men2°22,

The statistics of recent years indicate that ulcerative
colitis is a more common digestive tract disease in
China and becomes a new hot spot in the study of
gastrointestinal disorders?. The latest IBD, UC, and
CD incidences have risen to 1.80 (IBD), 1.33 (UC),
and 0.46/1 million (CD), while they differ across
territories and ethnic minorities. For example, 51
racial minorities live in the South-West of China in
Yunnan Province and 33.41% of the total population
of minority groups. The epidemiological data from
this region showed that the most significant
incidence rate of total IBD in the Han people
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(9,463/100,000) was observed among 18 different
racial minority populations, followed by the Hui
(Muslim) minority population (8,563/100,000), the
Man minority population (7,092/100,000) and the
Bai minority population (5,271/100,000). The most
considerable incidence rate of UC was also found in
Han  (8,918/100,000), followed by  Hui
(7,720/100,000), Man (7,092/100,000), and Bai
(5,083/100,000)  populations.  The  highest
prevalence of CD was reported in the minority
ethnic community of Tibet (1,376/100,000),
followed by the racial group of Hui (0,842/100,000)
and Han: (0,545/100,000). While the total number of
IBD cases is not as small as previously thought and
the prevalence of IBD disease in China is probably
underestimated, China still has an enormous
population, however?,

1.4 Etiology of ulcerative colitis

Although there is no evidence of the specific patho
genesis of IBD, many factors contribute to the
development of UC. The most critical hypotheses
include infection food allergy, genetic and
environmental, and microbial and other antigens
immune response?*?5, In addition, the importance of
genetic predispositions and their impact on
interactions with microbial and environmental
factors have been emphasized by genetic research
and mouse models, leading to pro-colitogenic
disturbances of host-commensal relationship?627.
Enhanced pro-inflammatory reaction, including
monocyte, macrophages, and cytokines activation is
thought that the immune system responds
abnormally to healthy gut flora, especially bacteria
near colon mucosal.

1.4 Disorder of the immune system

Literature shows that the activation of immunocytes
increases cytokines secretion induces inflammation,
and increases cell signal death. Which causes
chronic intestinal fluctuations in epithelial tissue's.
Evidence indicates that the UC is triggered by
anomalous cell immune responses in individuals
with susceptible genes induced by the inflammatory
response to intestinal microorganisms®  The
abnormal immune response results in exaggerated
activation of effector T cell subsets and deficiency
of regulatory T cells (Treg), leading to persistent
immune mess and uncontrolled intestinal
inflammation®. The inflammation response and
relapses of disease activity are associated with the
engagement of the innate and adaptive immune
responses, including increased production of TNF-a
and IFN-y in the intestine®®3. The higher
concentrations of tumor necrosis factor-alpha (TNF-
a) in the blood, stool, and mucosa induces apoptosis
and a valuable target for control of the disease in
patients with ulcerative colitis®2. There are
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indications of a significant pathogenic role in the
condition being an unregulated immune response in
the intestine®.

It is presently accepted that a changed adjust
between regulatory and inflammatory cytokines
makes a difference sustain mucosal irritation in
UC®. IL-12 induces Th1l cell and usually secrete
large quantities of IFN-y, TNF-a, and IL-12, relative
to IL-4, IL-5, and IL-13, which are the cytokines
secreted from the Th2. IL-13 is highly cytotoxic to
epithelial cells, which further increases intestinal
permeability34. Crohn's disease is expected to be a
Th1, while it is believed that Th2 responses regulate
UC. The Mucosal T cells displayed elevated IFN-y
and IL-2 levels in CD patients compared to UC
patients T cells. Moreover, recent data showed that
the paradigms CD-Th1 and UC-Th2 are not so clear.
Also, data indicate that the Th17 cell manufactures
of IL-17 and IL-23 have an essential role in IBD
pathogenesis with DCs derived from patients with
CD developing a higher volume of IL-23 more than
UC patients *. Later considers have appeared that,
besides its activity on Thl7 cells, IL-23 can
moreover act on cells of the innate immune system.
Offbeat, innate-like T cell populations, which are
primarily represented at mucosal destinations, have
been found to reply to IL-23 incitement and secrete
Thil7-related cytokines. The Th17 cells are a T
helper subset cells that are activated by IL-6 and
TGF-B, are expanded to IL-23, with the abundant
secretion of IL-17A, IL-17F, IL-21, and IL-22.
RORyt is recognized as the principal element for the
transcription of Th17 32, The IL-17 cytokine
comprises of IL-17A to F. IL-17A, and IL-17F are
50% similar in their amino acid structure. IL-17A
and IL-17F have the main proinflammatory impact
on the activation of multiple cell targets such as
fibroblasts, epithelium, monocytes, neutrophils,
macrophages, endothelium, and which produce
TNF-a, IL-1B, and IL-6. Among multiple immune-
mediated disorders, including RA, asthma, IBD, and
recurrent autoimmune encephalitis (EAE), IL-17
has been involved®. Th17 is complicated according
to the role of either "pathogenic" or non-pathogenic
"in various laboratory models. It is believed that
pathogenic Th17 cells are distinguished by their IL-
17, IFN-y production, and the expression of specific
surface markers. The pathobiology of Th17 is also
very challenging®. In the DSS colitis model, the
deficit in 1L-17F ameliorated mucosal inflammation,
but exacerbated it by IL-17A deficiency, thereby
indicating the essential role for IL-17F in treatment.
It was also shown that IL-17A directly inhibits Thl
cells and eliminates inflammatory growth, as it
supports a protection function for IL-17A.
Furthermore, monoclonal antibody therapy anti-I1L-
17A has been shown to intensify DSS-induced
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colitis. IL-23 produced by macrophages and
dendritic cells that help to replicate, live, or both®'.

1.5 DSS model

Generally, Dextran sodium sulfate induces
experimental colitis; this model is intuitive and
provides the highest consistency and reproducibility
of most injuries in the distal colon. By beginning
with study, the intestinal barrier function, and
following fortifying neighborhood aggravation,
DSS is regularly utilized to actuate the form of
mouse colitis that mimics the clinical and
histological highlights of IBDs that have
characteristics of UC. The ordinary highlights of
colitis show up on day three and are maximally on
day 7 %8, The expansion of 30-35 kDa dextran sulfate
sodium (DSS) to drinking water from 3-10%. It
results in weight loss, bloody diarrhea, mucosal
ulceration, shortening of the colon, and neutrophilic
infiltration. Many studies showed DSS contribution
to the breakdown of the mucosal epithelial barrier
and enabled microorganisms to penetrate the
mucosa. The inflammatory reactions and
overexpression of pro-inflammatory cytokine
increased, and clinical symptoms of colitis
appear.®4,

1.6 Role of high-altitude hypoxia on immune
function
High altitude environments exist in the three largest
high-altitude regions (Qinghai-Tibetan Plateau,
Andean Altiplano, and Semien Plateau of Ethiopia).
This environment is defined by dry air, severe cold,
ionizing radiation, high wind, and primarily
hypobaric hypoxia. Although high altitude
environment is a secondary region on Earth*'. Many
high-altitude people have existed in this unique
environment for hundreds of generations, and
typically have specific physiological mechanisms
than communities at low altitudes. Therefore,
acclimatization to altitude has been a significant
subspecialty in high-altitude medicine*?. Each year,
more than 100 million individuals from plains areas
come to highland either for the job, enjoyment, sport,
worship or for strategic goals. Furthermore, the
numbers are increasing day by day*®. The High-
altitude areas can be divided into high altitude
(1,500-3,500m), very high altitudes (3,500-5,500 m)
and extreme altitudes (> 5,500m). Sudden rises to
high altitudes without acclimatization will lead to
hypoxia. The decrease of O, supply leads to
significant ~ changes in  the  respiratory,
cardiovascular, and  hematology  systems.
particularly for improving transport and the use of
O, and these are the focus of traditional high-
altitude medicine #*. Some reports recently showed
that the development and regeneration of bones at
high altitudes are different from low altitudes.
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Nonetheless, the current view is the adverse effects
on bone marrow, bone structural properties,
biomechanical activity. Bone compensation is clear
in the hypobaric hypoxia setting, with reduced body
weight*4®. When traveling to these elevated areas,
many healthy people may suffer from high-altitude
diseases. The significance of environmental
components of the pathogenesis of this illness is
progressively recognized®. Hypoxia is a crucial
trigger in many different diseases. Global hypoxia,
for example, is the critical factor in high altitude
illness. However, many illnesses, including acute
myocardial infarction, stroke, but also several shock
forms, are also at the center of tissue hypoxia.
Hypoxia often plays a significant role in exercise
environments and altitude training of athletes in
addition to its function in diseases. Biological agents
play an essential role in these diseases and
conditions*”*8,  As such, hypoxia appears to be a
vital driver of inflammation, and the living things
establish acclimation instruments to guarantee
homeostasis. However, in the event malfunction, it
leads to the expansion of pathological processes*.
However, living at high altitudes may lead to
hypoxia. The effects of hypobaric hypoxia at high
altitudes plateau depending on the length of time
spend through at high altitudes and the height
reached®. The specialized blood supply and internal
composition of the intestine enhance its sensitivity
to hypoxia, rendering the intestine vulnerable to
hypoxic stress effects. It has been shown that
different degrees of human gastrointestinal tract
damage exist in hypoxic conditions at high
altitudes®®1451,

The immune system is a combination of cells,
tissues, and organs which act together to defend the
invading harmful stressors to produce an immune
response in the body. Many studies had carried to
monitor the effect of hypobaric hypoxia in immunity.
High altitude has been known to induce alterations
in different immune cells like T-cells, B-cells, NK
cells. Moreover, a study conducted on healthy
females exposed to an elevation of 5050 m for 21
days revealed that acute as well as chronic exposure
causes alterations in T cells as well as NK cells when
these parameters were analyzed by flow cytometry
in peripheral blood lymphocytes. However, B cells'
population was not changed much?®. In hypoxia, the
acquired immune response may be regulated by
induction of phenotypic shift from Th1l to Th2 cells
by HIF-1a, as interferon-gamma production is
reduced (INF-y) and interleukin secretion 10 (IL-10)
is increased®. Also, the excessive functioning of the
THL1 cells secreting IFN-y generally related to
intestinal inflammation, particularly in IBD 5354, In
hypoxia, it also reported that HIF-1o prompts TH17
differentiation in inducing RORyt transcription and
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then cooperates with RORyt to control TH17 genes
downstream.  Furthermore, HIF-1la  restrain
differentiation of Treg by an active mechanism
aimed at the degradation of Foxp3 protein and Treg
converted to TH1 like secreting IFN-y and worsen
of colitis®®%¢, The authors have shown that the
inflamed intestines of IBD patients are increased in
the number of IL-17 producing cells compared to
healthy controls®”. In monolayers of intestinal
epithelial cells, the transepithelial reduction has
been recorded with Interleukin-4%. Although Th2
cell immune reactions are typically linked to
intestinal homeostasis and tissue repair, increased
Th2 cytokines in the epithelium of patients with
ulcerative colitis have been detected®*®, Cytokines
are proteins that are formed and produced by various
cells, such as leukocytes, muscle cells, and neurons.
These proteins can work pleiotropically or
synergistically with other substances and modulate
other cytokines production. Cytokines are crucial
modulators of the immune response, which can be
affected by exposure to high altitude. Cytokines play
a central role in the immuno-response during
increasing the stimulation of receptor-specific and
unspecific effector pathways and tissue repair. The
outcomes of a reaction can be considered by
activating a protective mechanism or triggering an
immune system. Cytokines may be pathogenic by
the over-production of inflammatory cells if they are
secreted in abundance. Therefore, several cytokine
levels occur to ensure that cytokine production is
limited in time and space in most circumstances.
Further, it was reported that the level of IFN-y was
decreased in 13 female individuals at 5050 m
altitude, which affects the body defense against
differing conditions. It was observed that the
negative correlation between nor-epinephrine and
IFN-y of high altitude expose females 1°. Cytokines
work in metabolism regulation by influencing
hormone secretion, controlling immune responses to
THL1/TH2, and stimulating inflammatory immune
responses'!. Additionally, the results recommend
that there is impairment of homeostatic regulation of
Th1/Th2 immune stability. This increases the
chances of infections as well as long-term
immunological alterations 5. Also, expressions of
HIF-1o and iNOS significantly increase with
expanding hypobaric hypoxia exposure and may
play a crucial role in the intestinal mucosa damage??.
Luo et al. have been developed an intestinal barrier
injury model by displaying rats to simulated
hypobaric hypoxia of 4000 m for three days. It was
observed that after three days of exposure, intestinal
mucosa was thinner, and epithelial cells were
irregular and fewer. Occludin and tight junction
protein were also down-regulated in the hypoxia
group, thus confirming mucosal barrier injury
occurs with hypobaric hypoxia exposure.

Wei Zhang et al

ISSN 2349-7750

Enhanced pro-inflammatory reaction, including
monocyte, macrophages, and cytokines activation is
thought that the immune system responds
abnormally to healthy gut flora, especially bacteria
near colon mucosal. Therefore, changes in the
intestinal microbiota composition may be involved
in high-altitude-induced immunological challenges.
These causes induce a cascade of inflammatory
mediators and provoke the release of multiple
cytokines, thereby evoking the occurrence and
development of ulcerative colitis. Indeed, a recent
study examining hypoxia-inducible factors HIF-1a
and HIF-2a expression in biopsies from UC patients
in remission and with the active disease found a
positive relationship between HIF-1a expression
and disease severity®-62, Multiple studies have also
demonstrated  elevated  C-reactive  protein,
interleukin-6, and interleukin-8 levels as markers of
inflammation and reduced interleukin-10 levels as
an anti-inflammatory cytokine in healthy volunteers
in high altitude®®. Moreover, hypoxia is also
competent in affecting cellular immunity, and low
oxygen pressure increases the concentration of
natural Killer cells. Furthermore, hypoxia leads to a
significant relative lymphopenia and neutrophilia.
hypoxia influences cellular functions in parallel to
affecting the levels of immune cells in the blood.
Hypobaric hypoxia at 3000 m significantly reduces
the production of plasmacytoid dendritic cells in
humans®. The intestinal immune system must
defense against infections by activating defensive
responses to pathogens also maintain immunity to
self-antigens, diet, and commensal microflora®.
Dendritic mucosal cells (DCs) are essential to this
balance. Immature DCs are in peripheral tissue,
activated by antigens that reify and transfer through
the draining lymph nodes in the intestine. There are
several subsets of DCs in the bowel®. DCs can
induce proinflammatory T helper cells type 1 Thl or
type 17 Th17 or humoral Th2 immune response,
according to their cell-surface receptor expression
and cytokine profile. Induction of regulatory T cells
is a primary feature of intestinal DCs®. Almost
every continuously inflamed tissue is characterized
by a low supply of oxygendue to vascular
malfunction and increased oxygen use by infiltrated
leukocytes, mostly neutrophils®”8, In respect to
inflammatory bowel disease, hypoxia is potentially
very significant as the lumen of the intestines are
almost anoxic. Anoxia can spread to formerly
normoxic tissue, which now must adjust to this
condition through inflammatory impairment of the
intestinal barrier. In the small intestine of
experimental animals that spending nine days at a
simulated altitude of 4000 meters above sea level
showed increased mRNA levels of interleukin-6,
tumor necrosis factor-alpha, and protein expression
of nuclear factor-kappa B®. Once the epithelial
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barrier is dysfunctional, a large number of bacteria
and endotoxins may translocate to other tissues or
organs via the bloodstream and activate the
production of cytokines like TNF-o, IL-6, IL-1p.
These lead to further recruitment of neutrophils and
macrophages that are more susceptible to bacterial
stimulation than the resident macrophages and
epithelial cells, on which the bacterial recognition
receptors such as TLR or CD14 are down-
regulated.”® "2, Also, reactive oxygen species are
produced that local cause depletion of oxygen 7.
Furthermore, In the human intestinal tract, a steep
oxygen gradient exists from the crypts to a villus in
which O in Crypt highest and the villus tips lowest,
closest to the anoxic gut lumen ™.  This
“physiological” hypoxia is, to a great extent,
expanded with intestinal irritation”. The HIF-1
complex is a crucial transcription factor for cellular
adaption to low oxygen tension”. Several studies
have addressed the function of HIF-1a in intestinal
epithelial cells. Karhausen et al. showed that
decreased expression of HIF-1a from epithelial
caused severe gut inflammation, while the increase
in HIF protein was protective for epithelial®?. Xue et
al. recently reported that HIF-1a activation in gut
epithelial cells had reduced the number of intestinal
tumorigeneses. Reducing the inhibition of HIF-1
decrease the apoptosis of epithelial cells in the
murine colitis emphasizes the importance of HIF-1
in the intestinal epithelial 6. Phenotypes found in
models of colitis in which epithelial HIF is
modulated support the value of epithelial HIF. Mice
with a lack of HIF-la were more sensitive to
experimental colitis (TNBS colitis) in the intestinal
epithelium and demonstrated the protective role of
HIF-1a in the intestine®. In addition, the HIF-2a
pathway was recommended, which aggravated
colitis with a VHL-deficient mouse. In recent times,
the reduction of HIF-2a in the intestinal epithelium
has contributed to the defense against DSS colitis
and improved susceptibility to colitis induction from
HIF-20 over-expression(not HIF-1a)"". Therefore,
HIF-1a is simply considered to act to protect in
colitis, while HIF-2a promotes pro-inflammatory
mediators and epithelial proliferation™. This is still
not completely clear in IBD about the temporal
interaction between these reactions and is necessary
to develop therapeutic strategies based on HIF.
However, enzymes that control HIF (PHDs) could
also be used independently of the HIF effect as an
epithelial barrier™

The impact of the supplementing Vitamin E on
Sprague Dawley rats subjected to hypo- hypoxia at
simulated elevations of 7000 m over 5 days was
observed. Vitamin E is an antioxidant and can be
used as a possible tool to investigate its mechanism
of action in immunity as well as high altitude disease
10, vitamin E significantly alleviated hypoxia-caused
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damage to the main organs including intestine,
increased the serum superoxide dismutase (SOD),
diamine oxidase (DAO) levels, and decreased the
serum levels of interleukin-2 (IL-2), interleukin-4
(IL-4), interferon-gamma  (IFN-y) and
malondialdehyde (MDA), and decreased the serum
erythropoietin (EPO) activity.  The HIF and
TLR4/NF-xB signal pathway may represent
significant therapeutic targets for the prevention or
treatment of intestinal barrier dysfunction and
consequent intestinal diseases under high altitude
hypoxia environment?,

CONCLUSION:

High altitude-induced Intestinal mucosa disorders in
mountaineers, natives, and soldiers employed above
sea level have become the main cause of morbidity.
In this overview, impacts and strategies relevant to
this area have been seen. From the study, we can
suggest that the high-altitude climate causes
problems in the gut that need to be treated or
prevented through new treatments or using
probiotics/prebiotics.

REFERENECS:

1. Zambrano-Zaragoza JF, Romo-Martinez EJ,
Duran-Avelar Ma de J, Garcia-Magallanes N,
Vibanco-Pérez N. Th17 Cells in Autoimmune
and Infectious Diseases. Int J Inflamm.
2014;2014. doi:10.1155/2014/651503

2. Ogino H, Nakamura K, Iwasa T, et al
Regulatory T cells expanded by rapamycin in
vitro suppress colitis in an experimental mouse
model. J Gastroenterol. 2012;47(4):366-376.
d0i:10.1007/s00535-011-0502-y

3. Lombardi VRM, Etcheverria |, Carrera |,
Cacabelos R, Chacdn AR. Prevention of
Chronic Experimental Colitis Induced by
Dextran Sulphate Sodium (DSS) in Mice
Treated with FR91. J Biomed Biotechnol.
2012;2012. doi:10.1155/2012/826178

4. SE, A, EEH, etal. ERE %% T DSS
BREVNRIERERFHLEHR. PES
BEF5443247E. 2018;39(04):263-266.

5. Fransen K, Sommeren S van, Westra HJ, et al.
Correlation of Genetic Risk and Messenger
RNA Expression in a Th17/IL23 Pathway
Analysis in Inflammatory Bowel Disease.
Inflamm  Bowel Dis. 2014;20(5):777-782.
doi:10.1097/MI1B.0000000000000013

6. Vavricka S, Ruiz PA, Scharl S, et al. Protocol for
a prospective, controlled, observational study to
evaluate the influence of hypoxia on healthy
volunteers and patients with inflammatory
bowel disease: the Altitude IBD Study. BMJ
Open. 2017;7(1). doi:10.1136/bmjopen-2016-
013477




IAJPS 2020, 07 (04), 468-477

7. Terrizzi

AR, Conti MI, Martinez MP,
Fernandez-Solari J. The Process of Acclimation
to Chronic Hypoxia Leads to Submandibular
Gland and Periodontal Alterations: An Insight
on the Role of Inflammatory Mediators.
Mediators  Inflamm.  2018;2018:6794508.
d0i:10.1155/2018/6794508

8. Lichtenauer M, Goebel B, Fritzenwanger M, et

al. Simulated temporary hypoxia triggers the
release of CD31+/Annexint+ endothelial
microparticles: A prospective pilot study in
humans. Clin Hemorheol Microcirc.
2015;61(1):83-90. doi:10.3233/CH-141908

9. Rohm |, Ratka J, Pistulli R, et al. Impact of

10.

11.

12.

13.

14.

15.

16.

17.

Systemic Normobaric Short-Term Hypoxia on
Pro-Inflammatory and  Anti-Inflammatory
Cytokines in Healthy Volunteers. Clin Lab.
2015;61(8):1053-1059.
d0i:10.7754/clin.lab.2015.141226

Khanna K, Mishra KP, Ganju L, Kumar B,
Singh SB. High-Altitude-Induced alterations in
Gut-Immune Axis: A review. Int Rev Immunol.
2018;37(2):119-126.
doi:10.1080/08830185.2017.1407763

de Aquino Lemos V, dos Santos RVT, Lira FS,
Rodrigues B, Tufik S, de Mello MT. Can High
Altitude Influence Cytokines and Sleep?
Mediators of Inflammation.
d0i:10.1155/2013/279365

Zhang F, Wu W, Deng Z, et al. High altitude
increases the expression of hypoxia-inducible
factor la and inducible nitric oxide synthase
with intest-inal mucosal barrier failure in rats.
Int J Clin Exp Pathol. 2015;8(5):5189.

Zhou Q-Q, Yang D-Z, Luo Y-J, Li S-Z, Liu F-
Y, Wang G-S. Over-starvation aggravates
intestinal injury and promotes bacterial and
endotoxin translocation under high-altitude
hypoxic environment. World J Gastroenterol
WJG. 2011;17(12):1584-1593.
d0i:10.3748/wjg.v17.i12.1584

Luo H, Zhou D-J, Chen Z, et al. Establishment
and evaluation of an experimental rat model for
high-altitude intestinal barrier injury. Exp Ther
Med. 2017;13(2):475-482.
doi:10.3892/etm.2016.4012

Facco M, Zilli C, Siviero M, et al. Modulation
of immune response by the acute and chronic
exposure to high altitude. Med Sci Sports Exerc.
2005;37(5):768-774.
d0i:10.1249/01.mss.0000162688.54089.ce
Itzkowitz SH, Yio X. Inflammation and Cancer
IV. Colorectal cancer in inflammatory bowel
disease: the role of inflammation. Am J Physiol-
Gastrointest Liver Physiol. 2004;287(1):G7-
G17. doi:10.1152/ajpgi.00079.2004

Stenson WF, Tremaine WJ, Cohen RD.
Ulcerative Colitis: Clinical Manifestations and

Wei Zhang et al

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

ISSN 2349-7750

Management. In:  Yamada’s Atlas  of
Gastroenterology. John Wiley & Sons, Ltd,;
2016:216-224.
d0i:10.1002/9781118512104.ch28

Yadav V, Varum F, Bravo R, Furrer E, Bojic D,
Basit AW. Inflammatory bowel disease:
exploring gut pathophysiology for novel
therapeutic targets. Transl Res J Lab Clin Med.
2016;176:38-68. doi:10.1016/j.trs1.2016.04.009
Molodecky NA, Soon IS, Rabi DM, et al.
Increasing incidence and prevalence of the
inflammatory bowel diseases with time, based
on systematic review. Gastroenterology.
2012;142(1):46-54.e42; quiz e30.
doi:10.1053/j.gastr0.2011.10.001

Nguyen GC, Chong CA, Chong RY. National
estimates of the burden of inflammatory bowel
disease among racial and ethnic groups in the
United States. J Crohns Colitis. 2014;8(4):288-
295. doi:10.1016/j.crohns.2013.09.001
Dahlhamer JM, Zammitti EP, Ward BW,
Wheaton AG, Croft JB. Prevalence of
Inflammatory Bowel Disease Among Adults
Aged >18 Years - United States, 2015. MMWR
Morb Mortal Wkly Rep. 2016;65(42):1166-
1169. doi:10.15585/mmwr.mm6542a3
HHR. MENRNEELERR ANBR.
2017;(17):55.

Cui G, Yuan A. A Systematic Review of
Epidemiology and Risk Factors Associated
With Chinese Inflammatory Bowel Disease.
Front Med. 2018;5.
doi:10.3389/fmed.2018.00183

Rosa R, Ornella R, Maria GC, et al. The role of
diet in the prevention and treatment of
Inflammatory Bowel Diseases. Acta Bio
Medica Atenei Parm. 2018;89(Suppl 9):60-75.
doi:10.23750/abm.v89i9-S.7952

EIET. BN FIRSHN S BEREX RIE
MHRLEICHNMRHER. MASERS
Zx75. 2017;10(18):170-171.

Liu T-C, Stappenbeck TS. GENETICS AND
PATHOGENESIS OF INFLAMMATORY
BOWEL DISEASE. Annu Rev Pathol.
2016;11:127-148. doi:10.1146/annurev-pathol-
012615-044152

BRI, Bl 272 B R GE M R B EILE
mBNIN SR/ ROFE DT PEFR.
2018;25(04):49-53.

Miyoshi J, Chang EB. The Gut Microbiota and
Inflammatory Bowel Diseases. Transl Res J
Lab Clin Med. 2017;179:38-48.
doi:10.1016/j.trsl.2016.06.002

Eastaff-Leung N, Mabarrack N, Barbour A,
Cummins A, Barry S. Foxp3+ regulatory T cells,
Th17 effector cells, and cytokine environment
in inflammatory bowel disease. J Clin Immunol.




IAJPS 2020, 07 (04), 468-477

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

2010;30(1):80-89.
9345-1

Matricon J, Barnich N, Ardid D.
Immunopathogenesis of inflammatory bowel
disease. Self Nonself. 2010;1(4):299-3009.
d0i:10.4161/self.1.4.13560

Gibson PR. Increased gut permeability in
Crohn’s disease: is TNF the link? Gut.
2004;53(12):1724-1725.
doi:10.1136/gut.2004.047092

Geremia A, Biancheri P, Allan P, Corazza GR,
Di Sabatino A. Innate and adaptive immunity in
inflammatory bowel disease. Autoimmun Rev.
2014;13(1):3-10.
doi:10.1016/j.autrev.2013.06.004

Silva FAR, Rodrigues BL, Ayrizono M de LS,
Leal RF. The Immunological Basis of
Inflammatory Bowel Disease. Gastroenterol
Res Pract. 2016;2016.
d0i:10.1155/2016/2097274

de Mattos BRR, Garcia MPG, Nogueira JB, et
al. Inflammatory Bowel Disease: An Overview
of Immune Mechanisms and Biological
Treatments. Mediators Inflamm. 2015;2015.
doi:10.1155/2015/493012

Wallace KL, Zheng L-B, Kanazawa Y, Shih
DQ. Immunopathology of inflammatory bowel
disease. World J Gastroenterol. 2014;20(1):6-
21. doi:10.3748/wjg.v20.i1.6

Hueber W, Sands BE, Lewitzky S, et al.
Secukinumab, a human  anti-IL-17A
monoclonal antibody, for moderate to severe
Crohn’s disease: unexpected results of a
randomised, double-blind placebo-controlled
trial. Gut. 2012;61(12):1693-1700.
doi:10.1136/gutjnl-2011-301668

Ce T, Shigeru K, Kenji S, et al. Suppression of
IL-17F, but not of IL-17A, provides protection
against colitis by inducing Treg cells through
modification of the intestinal microbiota.
Laroui H, Ingersoll SA, Liu HC, et al. Dextran
Sodium Sulfate (DSS) Induces Colitis in Mice
by Forming Nano-Lipocomplexes with
Medium-Chain-Length Fatty Acids in the
Colon. PLoS ONE. 2012;7(3).
doi:10.1371/journal.pone.0032084

Perse M, Cerar A. Dextran Sodium Sulphate
Colitis Mouse Model: Traps and Tricks. J
Biomed Biotechnol. 2012;2012.
d0i:10.1155/2012/718617

Wang X, Sun Y, Zhao Y, et al. Oroxyloside
prevents dextran sulfate sodium-induced
experimental colitis in mice by inhibiting NF-
kB pathway through PPARy activation.
Biochem Pharmacol. 2016;106:70-81.
d0i:10.1016/j.bcp.2016.02.019

Moore LG, Niermeyer S, Zamudio S. Human
adaptation to high altitude: regional and life-

doi:10.1007/s10875-009-

Wei Zhang et al

42,

43.

44,

45,

46.

47,

48.

49,

50.

51.

ISSN 2349-7750

cycle perspectives. Am J Phys Anthropol.
1998;Suppl 27:25-64. doi:10.1002/(sici)1096-
8644(1998)107:27+<25::aid-ajpa3>3.0.co;2-I
Lu C, Saless N, Wang X, et al. The Role of
Oxygen during Fracture Healing. Bone.
2013;52(1):220-229.
doi:10.1016/j.bone.2012.09.037

Netzer N, Strohl K, Faulhaber M, Gatterer H,
Burtscher M. Hypoxia-related altitude illnesses.
J Travel Med. 2013;20(4):247-255.
doi:10.1111/jtm.12017

Lezon C, Bozzini C, Romero AA, et al. Effect
of chronic undernutrition on body mass and
mechanical bone quality under normoxic and
altitude hypoxic conditions. Br J Nutr.
2016;115(9):1687-1695.
d0i:10.1017/S000711451600060X

Bozzini C, Olivera MI, Huygens P, Alippi RM,
Bozzini CE. Long-term exposure to hypobaric
hypoxia in rat affects femur cross-sectional
geometry and bone tissue material properties.
Ann Anat Anat Anz Off Organ Anat Ges.
2009;191(2):212-217.
doi:10.1016/j.aanat.2008.11.002

Bozzini C, Champin GM, Alippi RM, Bozzini
CE. Static Biomechanics in Bone from
Growing Rats Exposed Chronically to
Simulated High Altitudes. High Alt Med Biol.
2013;14(4):367-374.
d0i:10.1089/ham.2013.1038

Bor-Kucukatay M, Colak R, Erken G, Kilic-
Toprak E, Kucukatay V. Altitude training
induced alterations in erythrocyte rheological
properties: a controlled comparison study in rats.
Clin Hemorheol Microcirc. 2014;58(4):479-
488. doi:10.3233/CH-131711

Park B-K, Shim T-S, Lim C-M, et al. The
Effects of Methylene Blue on Hemodynamic
Parameters and Cytokine Levels in Refractory
Septic  Shock. Korean J Intern Med.
2005;20(2):123-128.
doi:10.3904/kjim.2005.20.2.123

Antonela Romina T, Maria Inés C, Maria Pilar
M, Javier F-S. The Process of Acclimation to
Chronic Hypoxia Leads to Submandibular
Gland and Periodontal Alterations: An Insight
on the Role of Inflammatory Mediators.
https://www.hindawi.com/journals/mi/2018/67
94508/. Accessed December 28, 2019.

Brown JP, Grocott MP. Humans at altitude:
physiology and pathophysiology. Contin Educ
Anaesth Crit Care Pain. 2013;13(1):17-22.
doi:10.1093/bjaceaccp/mks047

Xu C, Sun R, Qiao X, et al. Effect of Vitamin E
Supplementation on Intestinal Barrier Function
in Rats Exposed to High Altitude Hypoxia
Environment. Korean J Physiol Pharmacol Off
J Korean Physiol Soc Korean Soc Pharmacol.




IAJPS 2020, 07 (04), 468-477

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

2014;18(4):313-320.
doi:10.4196/kjpp.2014.18.4.313

Caris AV, Santos RVT. Performance and
altitude: Ways that nutrition can help. Nutr
Burbank Los Angel Cty Calif. 2019;60:35-40.
d0i:10.1016/j.nut.2018.09.030

Powrie F, Leach MW, Mauze S, Menon S,
Caddle LB, Coffman RL. Inhibition of Thl
responses prevents inflammatory bowel disease
in scid mice reconstituted with CD45RBhi
CD4+ T cells. Immunity. 1994;1(7):553-562.
doi:10.1016/1074-7613(94)90045-0
McGovern D, Powrie F. The IL23 axis plays a
key role in the pathogenesis of IBD. Gut.
2007;56(10):1333-1336.
d0i:10.1136/gut.2006.115402

Dang EV, Barbi J, Yang H-Y, et al. Control of
TH17/Treg Balance by Hypoxia-inducible
Factor 1. Cell. 2011;146(5):772-784.
d0i:10.1016/j.cell.2011.07.033

Lee JH, Elly C, Park Y, Liu Y-C. E3 ubiquitin
ligase VHL regulates hypoxia-inducible factor-
la to maintain regulatory T cell stability and
suppressive capacity. Immunity.
2015;42(6):1062-1074.
d0i:10.1016/j.immuni.2015.05.016

Fujino S, Andoh A, Bamba S, et al. Increased
expression of interleukin 17 in inflammatory
bowel disease. Gut. 2003;52(1):65-70.

Berin MC, Yang PC, Ciok L, Waserman S,
Perdue MH. Role for IL-4 in macromolecular
transport across human intestinal epithelium.
Am J Physiol. 1999;276(5):C1046-1052.
doi:10.1152/ajpcell.1999.276.5.C1046

Allen JE, Sutherland TE. Host protective roles
of type 2 immunity: parasite killing and tissue
repair, flip sides of the same coin. Semin
Immunol. 2014;26(4):329-340.
d0i:10.1016/j.smim.2014.06.003

Heller F, Fuss 1J, Nieuwenhuis EE, Blumberg
RS, Strober W. Oxazolone colitis, a Th2 colitis
model resembling ulcerative colitis, is mediated
by IL-13-producing NK-T cells. Immunity.
2002;17(5):629-638. doi:10.1016/s1074-
7613(02)00453-3

Giatromanolaki A, Sivridis E, Maltezos E, et al.
Hypoxia inducible factor 1la and 2a
overexpression in inflammatory bowel disease.
J Clin Pathol. 2003;56(3):209-213.

Karhausen J, Furuta GT, Tomaszewski JE,
Johnson RS, Colgan SP, Haase VH. Epithelial
hypoxia-inducible factor-1 is protective in
murine experimental colitis. J Clin Invest.
2004;114(8):1098-1106. doi:10.1172/JC121086
Rohm I, Aderhold N, Ratka J, et al. Hypobaric
hypoxia in 3000 m altitude leads to a significant
decrease in circulating plasmacytoid dendritic

Wei Zhang et al

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

ISSN 2349-7750

cells in humans. Clin Hemorheol Microcirc.
2016;63(3):257-265. doi:10.3233/CH-152035
Mowat AM. Anatomical basis of tolerance and
immunity to intestinal antigens. Nat Rev
Immunol. 2003;3(4):331-341.
d0i:10.1038/nri1057

Coombes JL, Powrie F. Dendritic cells in
intestinal immune regulation. Nat Rev Immunol.
2008;8(6):435-446. d0i:10.1038/nri2335

Sun C-M, Hall JA, Blank RB, et al. Small
intestine lamina propria dendritic cells promote
de novo generation of Foxp3 T reg cells via
retinoic acid. J Exp Med. 2007;204(8):1775-
1785. doi:10.1084/jem.20070602

Eltzschig HK, Carmeliet P. Hypoxia and
inflammation. N Engl J Med. 2011;364(7):656-
665. doi:10.1056/NEJMra0910283

Campbell EL, Bruyninckx WJ, Kelly CJ, et al.
Transmigrating Neutrophils Shape the Mucosal
Microenvironment through Localized Oxygen
Depletion to Influence Resolution of
Inflammation. Immunity. 2014;40(1):66-77.
d0i:10.1016/j.immuni.2013.11.020

Li M, Han T, Zhang W, Li W, Hu Y, Lee SK.
Simulated altitude exercise training damages
small intestinal mucosa barrier in the rats. J
Exerc Rehabil. 2018;14(3):341-348.
d0i:10.12965/jer.1835128.064

Sanchez de Medina F, Romero-Calvo |,
Mascaraque C, Martinez-Augustin O. Intestinal
inflammation and mucosal barrier function.
Inflamm Bowel Dis. 2014;20(12):2394-2404.
doi:10.1097/MI1B.0000000000000204
Zemans RL, Colgan SP, Downey GP.
Transepithelial Migration of Neutrophils. Am J
Respir Cell Mol Biol. 2009;40(5):519-535.
doi:10.1165/rcmb.2008-0348TR

Wang H, Zhang W, Zuo L, et al. Intestinal
dysbacteriosis  contributes to  decreased
intestinal mucosal barrier function and
increased bacterial translocation. Lett Appl
Microbiol. 2014;58(4):384-392.
doi:10.1111/lam.12201

Colgan SP, Taylor CT. Hypoxia: an alarm
signal during intestinal inflammation. Nat Rev
Gastroenterol Hepatol. 2010;7(5):281-287.
doi:10.1038/nrgastro.2010.39

Zheng L, Kelly CJ, Colgan SP. Physiologic
hypoxia and oxygen homeostasis in the healthy
intestine. A Review in the Theme: Cellular
Responses to Hypoxia. Am J Physiol Cell
Physiol. 2015;309(6):C350-360.
doi:10.1152/ajpcell.00191.2015

Zoccola D, Morain J, Pages G, et al. Structural
and functional analysis of coral Hypoxia
Inducible Factor. PloS One.
2017;12(11):e0186262.
doi:10.1371/journal.pone.0186262




IAJPS 2020, 07 (04), 468-477

76.

77.

Xue X, Ramakrishnan SK, Shah YM.
Activation of HIF-la does not increase
intestinal  tumorigenesis. Am J Physiol-
Gastrointest Liver Physiol. 2014;307(2):G187-
G195. doi:10.1152/ajpgi.00112.2014

Shah YM, Ito S, Morimura K, et al. Hypoxia-
Inducible Factor Augments Experimental
Colitis Through a MIF-Dependent
Inflammatory Signaling Cascade.
Gastroenterology. 2008;134(7):2036-2048.e3.
doi:10.1053/j.gastro.2008.03.009

Wei Zhang et al

78.

79.

ISSN 2349-7750

XU C, DONG W. Role of hypoxia-inducible
factor-lo.  in pathogenesis and disease
evaluation of ulcerative colitis. Exp Ther Med.
2016;11(4):1330-1334.
d0i:10.3892/etm.2016.3030

Cummins EP, Crean D. Hypoxia and
inflammatory bowel disease. Microbes Infect.
2017;19(3):210-221.
d0i:10.1016/j.micinf.2016.09.004




