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Dr. M.A. Qadar Pasha                                                     
Organizing Secretary, Leh Symposium - 2018  

CSIR-Institute of Genomics and Integrative Biology  

Mall Road, Delhi, India  

 

 

 

 

Preamble 
 
The CSIR-Institute of Genomics and Integrative Biology, India and Pulmonary Vascular Research Institute, 
UK in 2008-2009 conceived the idea of collaboratively organizing yearly meetings of scientists and clinicians 
engaged in high altitude pulmonary research and mountain medicine. It gives me great pleasure to mention 
that over the years the “Leh Symposium” has established a compacted platform for assembly of global 
experts working in challenging area of high altitude research. The 5th international Leh Symposium-2018 is 
being organized at Gangtok, the capital city of Sikkim, INDIA. Gangtok is located in the North East 
Himalayan range, at an elevation of 1,650 m and nestled within higher peaks of the Himalaya. The theme of 
current symposium is “Respiration under hypobaric hypoxia: Clinical and molecular portrayal” which is 
expected to highlight recent advances and new dimensions of high altitude biology in India with its 
significance in global context.   
 
The expert scientists as well as the clinicians are committed to participate and discuss the recent advances, 
the results of which will have application in health care. It is satisfying that the earlier versions of 
Symposium organized at Leh not only addressed the issues related to high altitude health but also 
generated immense research interest at SNM Hospital, Leh and other local institutes. Close discussions and 
the interactions resulted in several National as well as International collaborations to study the clinical, 
physiological and genetic basis of health related problems of natives and sojourners in high altitude regions 
of India and the world.  The proposed deliberations by international faculty during current symposium will 
address the issues related to pulmonary hypertension, adaptation, functional aspects of blood components 
and the pathophysiology at high altitude.  
 
I, on behalf of the organizing committee and on my personal behalf, welcome all the delegates attending 
the Leh Symposium-2018. I am confident that it will be a great enriching scientific feast to all the 
participants in an enjoyable weather of city beautiful of Gangtok.  
 
It has been a great support from colleagues Dr. Santosh Pasha, Dr. G.L. Sharma, Sh. Pankaj Bansal,  staff and 
students of IGIB, Dr. Forhad A. Zaman and Dr. K.B. Gurung. Things may not have been possible without their 
personal involvement in various activities. We appreciate the cooperation extended by the Hotel Yangthang 
Heritage, Gangtok. I also wish to acknowledge the contributions of my international colleagues and 
organizations.  
 
With best wishes, 

 
 
      
         
 Dr. M.A. Qadar Pasha 
 November 05, 2018 



2 
 

 
 
 
 
 

 

Prof. Max Gassmann   
Co-organizer, Leh Symposium - 2018  

Zurich Center for Integrative Human Physiology  

Institute of Veterinary Physiology  

CH-8057 Zurich, Switzerland 
 

 
 

Dear friends of high altitudes, 

Once more the Gangtok-Leh Symposium 2018 covers interesting aspects of 
pulmonary research focusing on high altitude evolution, (patho-)physiology and 
clinical aspects. I am sure that the excellent contributions of our invited speakers 
will allow a fruitful exchange between basic researchers and clinicians. I encourage 
all participants to reserve ample time for discussion during and after the sessions.  
 
I am convinced that the offered programme will improve our knowledge on the 
multifaceted aspects of pulmonary biology and physiology in hypoxic conditions. 
This shall lead, as in the past, to long-lasting collaborations between the national 
and international guests. I urge to take this unique opportunity. 
 
I deeply regret not being able to join the Gangtok-Leh Symposium this year, and 
wish Dr. Qadar Pasha and his team a great success in our intension to bring 
together outstanding science to an exciting high altitude environment. 
 

 

Max Gassmann, Zurich 
Co-organizer of the meeting 

   November 08, 2018 
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A note from the PVRI Chief Executive 
 

 

 

 

The 5th International Leh Symposium, this year, is taking place at Gangtok, Sikkim, India. Situated at 

an altitude of approximately 6,000ft in the Himalayas, one can admire the mighty Kanchenjunga, the 

second highest peak and several other high peaks in the vicinity. 

 

This event is the result of many months of hard work. Drs Qadar Pasha, Max Gassmann, K B Gurung 

and Forhad Akhtar Zaman have worked tirelessly to develop a great scientific programme of sessions 

and activities, which not only represents the latest research on high altitude hypoxia and pulmonary 

hypertension, but also includes a visit to a hospital. 

 

This year’s programme, as in the past, has something to offer to clinicians, scientists, young 

investigators and researchers alike, and is another great example of the PVRI mission coming to life - 

through global collaboration, we strive for excellence in clinical care, research and education in PDV 

and we will thereby reduce the global burden of PVD. 

 

I take this opportunity to personally thank the PVRI High Altitude Task Force Leaders Drs Pasha and 

Gassmann, as well as Drs Gurung and Zaman for their tireless energy and dedication. 

 

While I regret that I cannot participate in this exciting meeting, I have no doubt that you will all enjoy 

the atmosphere, experience and learning that this prestigious event will offer.  

 

 
Stephanie Barwick 

Chief Executive 

November 06, 2018 
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5th International Leh Symposium - 2018 
Respiration Under Hypobaric Hypoxia: Clinical and Molecular Portrayal 

November 15 - 19, 2018  
Hotel Yangthang Heritage, Kazi Road, Gangtok, Sikkim - 737101 

Phone: +91-3592-202588 
 

SCIENTIFIC PROGRAM 
 

Thursday,  November 15, 2018          
 

                            Time                                         Activity 

                    17:00  to 19:00                                      Registration 

 
Friday, November 16, 2018  
 

Time                                           Event 

08:30                                        Welcome 

 
Session – 1 

Coping with Altitude 
Chair: Patrick Maxwell and M.A. Qadar Pasha 

Time Speaker Title of Talk 

09:00 Peter Hackett, USA New strategies for coping with extreme 
hypoxemia: The pre-acclimatization and beyond 

09:20 Robert Roach, USA What is acclimatization?  

09:40 Cynthia M. Beall, USA Hemoglobin concentration, reproductive success, 
and population genetics among ethnic tibetans at 
high altitudes in Nepal     

10:00 S.P. Singh, India Chronic mountain sickness in acclimatized lowland 
sojourners at ≥11,500ft (3500m)  

10:20 Martin Burtscher, Austria Endogenous erythropoietin prevents acute 
mountain sickness 

10:40 TEA 

 
Session – 2 

Adaptation to High Altitude: Genetics 
Chair: Cynthia Beall and Amjad P. Khan 

Time Speaker Title of Talk 
 

11:00 J.P. Richalet, France Complex patterns of natural selection into the 
genetic architecture of chronic mountain sickness  

11:20 Josef T. Prchal, USA Hypoxia, erythropoiesis and high altitude 
evolutionary adaptation   

11:40 Tom D. Brutsaert, USA Evidence for the genetic adaptation of Peruvian 
highland natives:  Results of a large-scale genome 
wide association study conducted in the Andes 

12:00 Shuhei Nozawa, Japan 
 

Genetic variants in Sherpa highlanders 
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12:20 Takumi Kinjo, Japan Polymorphisms of the human vascular endothelial 
growth factor gene in Sherpa highlanders 

12:40 LUNCH 

 
Session – 3 

Anaesthesia and Intensive Care at High Altitude 
Chair: Ghulam Mohammad and Masayuki Hanaoka 

Time Speaker Title of Talk 
 

14:00 G.D. Puri, India Anaesthesia and intensive care at high altitude: 
Introduction and history 

14:20 Sumit Soni, India Cardiopulmonary adaptations at high altitude  

14:30 Komal Gandhi, India High altitude anaesthesia 

14:40 Rajeev Chauhan, India Intensive care mnagement at high altitude 

14:50 Shyam Charan Meena, 
India 

Anaesthesia instruments and vaporizers for high 
altitude applications 

15:00 Premas Life Sciences, 
India 

Industry presentation 

15:20 TEA 

 
Session – 4 

Poster Presentation 
Chair: Robert Roach, Konrad E. Bloch and Rahul Kumar Jha 

16:00-17:30 
 

Best Poster selection 

 
Saturday, November 17, 2018 

Session - 5 
Pulmonary Hypertension  

Chair: Erik R. Swenson and S.P. Singh 
Time  Speaker Title of Talk 

 

09:00 Erik R. Swenson, USA 
 

Bleeding ponies, bloated cattle and breathless 
mountaineers: Hearts and lungs under stress at 
altitude 

09:20 Shine Kumar, India Novel bone morphogenic protein receptor 2 
mutation in a patient with hereditary pulmonary 
arterial hypertension 

09:40 Silvia Ulrich, Switzerland Effect of hyperoxia and hypoxia in patients with 
preexisting pulmonary hypertension at rest and 
under exercise 

10:00 Nasser Al Busaidi, Oman Classification and pathophysiology of pulmonary 
hypertension 

10:20 Rahul Kumar, USA Interstitial macrophage-derived thrombospondin-1 
contributes to hypoxia-induced vasoconstriction and 
pulmonary hypertension 

10:40 TEA 
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Session - 6 
Therapeutic Intervention for Pulmonary Diseases 

Chair: Peter Hackett and Tashi Thinlas 

Time Speaker Title of Talk 
 

11:00 Konrad E. Bloch, 
Switzerland 

The pulmonary patient at high altitude: New data 
from randomized trials 

11:20 Venkatesh Thuppil, India Moon face due to sudden exposure to high 
altitude: Possible causes and solutions 

11:40 Mohammed Omar Galal, 
Saudi Arabia 

Can hypoxia induced pulmonary hypertension be 
treated with MgSO4, alpha blocker as well as ACE 
inhibitor? 

12:00 Shine Kumar, India Comparison of intravenous sildenafil with inhaled 
nitric oxide in acute vasodilator testing in patients 
with pulmonary arterial hypertension 

12:20 Srinivasa Bhattachar, 
India 

Ibuprofen prevents AMS: A randomized controlled 
trial for prevention of AMS with non-steroidal anti-
inflammatories 

12:40 LUNCH 

 
Session – 7 

Leukocytes and Platelets under Hypoxia 
Chair: Serge Adnot and Balaram Ghosh  

Time  Speaker Title of Talk 
 

14:00 Patrick H. Maxwell, UK VHL shapes the B-cell repertoire through HIF-1α 

14:20 Matthew T. Rondina, 
USA 

Platelet gene expression and functional responses 
during hypobaric hypoxia 

14:40 Arpana Vibhuti, India Telomere biology under oxidative stress at high 
altitude 

15:00 L. Robert Varte, India Age group-wise adiposity cut-off from skinfold-
thickness of Gorkha soldiers 

15:20 TEA  

 
Session – 8 

Health to diseases: Lung Vulnerability under Hypoxia 
Chair: Josef Prchal and Kashif Hanif 

Time  Speaker Title of Talk 
 

16:00 Serge Adnot, France Exposure to hypoxia and lung cell senescence, 
which consequences? 

16:20 Vitalie Faoro, Belgium Pulmonary vascular function and aerobic exercise 
capacity at altitude 

16:40 Balaram Ghosh, India Polyamines in airway epithelial injury and asthma 

      17:00  
 

Forhad A. Zaman, India 
 

Tuberculosis in mountains  

 



7 
 

Sunday, November 18, 2018 
Session – 9 

Systemic and Pulmonary Pressures 
Chair: G.D. Puri and Martin Burtscher  

 

 
Session - 10 

Understanding Physiological and Metabolic Mechanisms 
Chair: J.P. Richalet and Venkatesh Thuppil 

 

Time  Speaker Title of Talk 
 

09:00 Ghulam Mohammad, 
India 

Time factor in altitude disease 

09:20 Kashif Hanif, India Study on the involvement of MAP kinase-activated 
protein kinase 2 in pulmonary hypertension 

09:40 Sudipta Ghosh, India Exhaled nitric oxide in ethnically distinct high 
altitude native populations   

10:00 Kavita Sharma, India 
 

Molecular factors in systemic hypertension at high 
altitude 

10:20 Kanipakam Hema, India  Molecular modeling and docking dynamics of NOS3 
with cofactors in hypertension at high-altitude 

10:40 TEA 

Time Speaker Title of Talk 
 

11:00 Nilofar Khan, India Hypoxia-reoxygenation induced cognitive deficits 
in rats: Role of oxidative stress and SK channels 

11:20 Koushik Ray, India Relative cell type specific contribution of COX-1 
and COX-2 in high altitude hypoxia augmented 
neuroinflammation and neurodegeneration  

11:40 Satish Chouhan, India Oxygen enrichment for rapid induction during 
emergency military operations 

12:00 Swati Srivastava, India Circulating miRNAs: Potential targets for treatment 
of high altitude induced venous thrombo-embolism  

12:20 Marta Zaveski, Czech  Understanding pulmonary hypoxia 

 
12:40 

Wrap-up discussion 
Vote of thank 

 
13:00 

 
LUNCH 
Departure with enriched experience 
 
See you all at 6th International Leh Symposium 
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New strategies for coping with extreme hypoxemia : The 
pre-acclimatization and beyond 

 
Peter Hackett  

 
Institute for Altitude Medicine in Telluride, 

Colorado 81432, USA 
 

Climbers to extreme altitude subject themselves to extraordinary 

physiological perturbations not found elsewhere, either in normal or pathological 

conditions.  Success in dealing with severe hypoxemia with hypocapnia requires 

myriad adjustments that require time on the order of weeks and requires graded 

exposure. Despite our shortfalls in understanding the process, new strategies for 

facilitating acclimatization to extreme altitude are emerging. “Natural 

acclimatization” at altitude prior to a higher climb is still superior, but efficient 

protocols are lacking. To induce acclimatization while at low altitude, climbers are 

now using normobaric devices such as chambers, tents and masks that deliver 

intermittent hypoxemia, primarily during sleep or exercise, and usually for 2-8 weeks 

just before extreme altitude exposure. Other approaches include blood doping and 

pharmacologic induction of hypoxia induced factors and erythropoietin. On the 

mountain, new tactics incorporate intermittent periods of low-altitude exposure 

after acclimatization just prior to the summit push, and very fast ascents in order to 

limit exposure to extreme hypoxemia, sometimes using drugs to avoid altitude 

illness. This talk provides a critical evaluation of these emerging strategies and offers 

suggestions for future studies. 
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What is acclimatization? 
 

 
Robert Roach 

 
Altitude Research Center, University of Colorado Anshutz Medical Campus, 

Aurora, Colorado, USA 
 
 

Acclimatization allows humans to climb to over 8000 m without supplemental 
oxygen, while exposure to the same altitude without acclimatization results in death 
in minutes. How does this happen? Much is known about the physiology, but new 
discoveries are still being made. And the whole world of molecular responses driving 
the body to acclimatize is just beginning to be explored. Charles Houston stated 
more than 60 years ago that “Acclimatization consists of a series of integrated 
changes which tend to restore the oxygen pressure in the tissues toward that of the 
inspired air”. The physiological phenotype of acclimatization will be reviewed and 
new insight highlighted. And the molecular processes underlying the physiological 
phenotype, including those dependent and independent of hypoxia inducible factor 
control, will be presented. Further understanding of acclimatization may lead to 
ways for future climbers, travelers or hypoxic patients at sea level to artificially 
invoke acclimatization to improve safety and health. 
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Hemoglobin concentration, reproductive success,  
and the population genetics among ethnic Tibetans at 

high altitudes in Nepal 
 
 

C. Jeong1, D. Witonski2, B. Basnyat3, M. Neupane4, G. Childs5, S. Craig6, 
J. Novembre2, Cynthia M. Beall7, A. Di Rienzo2 

 
1Max Planck Institute for the Science of Human History, Jena, Germany, 

2University of Chicago, Chicago, USA, 3Oxford University Clinical Research Unit, 
Kathmandu, Nepal, 4U. of Pittsburgh Medical Center, Pittsburgh, USA, 

5Washington University, St. Louis, USA, 6Dartmouth College, Hanover, USA, 
7Dept. of Anthropol., Case Western Reserve University, Cleveland, USA 

 
Indigenous highlanders from the Andean, East African and Tibetan Plateaus 

have different patterns of adaptation to the stress of hypobaric hypoxia.  This 
presentation addresses the hypothesis that the distinctively unelevated hemoglobin 
of Tibetan highlanders, compared with Andean highlanders and acclimatized 
lowlanders, represents an adaptation resulting from natural selection.  The research 
tested the hypothesis that major variants at the EPAS1 loci associated with 
unelevated hemoglobin concentration and greater reproductive success. 

A sample of 1,006 post reproductive Tibetan women residing at altitudes 
from 3000-4100m in Nepal provided reproductive histories by interviews in native 
dialects, physiological measurements, and DNA from saliva samples.   Regression 
analyses selected influential covariates of the number of pregnancies, livebirths, and 
children surviving to 15. Genomic analyses tested for associations with physiological 
and reproductive success variables. 

Beneficial alleles with signals of selection at EPAS1 SNP sites associated with 
unelevated hemoglobin concentration. Unelevated hemoglobin concentration 
associated with greater lifetime reproductive success measured as the probability a 
pregnancy progressed to a livebirth, however the EPAS1 variants did not associate 
with pregnancy outcome, likely due to insufficient statistical power.  EPAS1 did not 
associate with pulse although lower pulse associated with more pregnancies and live 
births.   A genome-wide association study identified genes unrelated to hypoxia 
favoring lower pulse, more livebirths, and fewer child deaths.    

The findings illustrate the complexity of identifying adaptations. They support 
the hypothesis that selection is acting against elevated hemoglobin concentration or 
another correlated trait and favoring low pulse among Tibetans at high altitude. 
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Chronic mountain sickness in acclimatized lowland 
sojourners at ≥ 3500 m altitude 

 
 

S.P. Singh1, Deepak Mulajker2, Debraj Sen2, D.K. Shukla3,  
S.S. Gill3, Velu Nair3 

 
1 Armed Forces Medical College, Pune, India, 

2 Command Hospital (Southern Command), Pune, India, 
3 Office of the DGAFMS, New Delhi, India 

 
Chronic Mountain Sickness (CMS) is a syndrome associated with prolonged 

stay at altitudes >2500 m (8200 ft). Acclimatized lowlanders (ALL) sojourning for 
months-years in Ladakh, at ≥11,500 ft (3500 m), anecdotally complain of disturbed 
sleep, irritability and impaired concentration and short-term recall. In this 
descriptive, cross-sectional study, 58 acclimatized lowlander males who had been at 
>3500 m for mean 2005±1249 days (range 52-3276 days) were studied at an altitude 
of 11,500 ft. Participants were administered the Quinghai CMS questionnaire and the 
Mini Mental Status Examination (MMSE). Detailed history, clinical examination, 
echocardiography, ECG, chest X-ray PA and haemogram were done. Twelve subjects 
(20.7%) had mild CMS by the Quinghai CMS score (Median score 7, 95% CI 6-9). They 
had longer stay (2851.33±725.24 vs 1783.59±1267.19 days, p=0.0006), insignificantly 
different haemoglobin (Hb) (17.26±2.42 vs 18.09±1.79 gm/dL), and significantly 
lower haematocrit (49±4.19 vs 51.81±4.17%, p=0.0499) than in those without CMS. 
MMSE elicited significantly lower scores on registration (3, 95% CI 2.14-3.0 vs 3 95% 
CI 3.0-3.0, p=0.0141), immediate recall (3, 95% CI 2.14-3.0 vs 3 95% CI 3.0-3.0, 
p=0.0141) and delayed recall (2, 95% CI 1.14-2.0 versus 3, 95% CI 2-3, p=0.0412) in 
those with CMS. Months to years of sojourn at ≥3500 m does cause symptoms of 
CMS in a significant proportion of ALL without polycythaemia. Cognition is 
significantly affected in those with CMS, identified by the Quinghai questionnaire.  
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Endogenous erythropoietin prevents acute mountain sickness 

 
 

M. Burtscher1, A. Melmer2, M. Wille 1, C. Ebenbichler 2 

 
1University Innsbruck, Innsbruck, Austria 

2Medical University Innsbruck, Innsbruck, Austria 
 

Increasing evidence suggests (neuro) protective properties of erythropoietin 
(Epo). Acute exposure to altitude/hypoxia increases hypoxia-inducible factor-1 
induced Epo production but may also be associated with the development of acute 
mountain sickness (AMS). We hypothesized that subjects with a more pronounced 
Epo response in hypoxia would be protected from the development of AMS.   

Fifty-five healthy male (N = 34) and female (N = 21) subjects were exposed to 
normobaric hypoxia (12 hours, 4,500 m).  Physiological measurements (pulse 
oximetry, blood gas analyses) and AMS scoring (Lake Louise Score, LLS) were 
performed before, during and after the 12-hour exposure. Serum Epo and vascular 
endothelial growth factor (VEGF) levels were determined before and after exposure.  

Fifteen (27 %) out of 55 subjects developed AMS (LLS ≥ 4). Only SpO2 values 
after 30 min in hypoxia and Epo responses differed significantly between AMS+ and 
AMS- subjects. SpO2 values were lower in AMS+ and Epo levels had increased during 
the 12-hr exposure by 10.8 ± 7.5 U/L in AMS+ and by 16.9 ± 7.8 IU/L in AMS- (p = 
.01). Logistic regression analysis revealed only Epo responses to be explanatory for 
AMS development (72 % correct classification). 

This is the first study demonstrating AMS preventing effects of the 
endogenous Epo response in a relatively large number of subjects exposed to 
normobaric hypoxia. Protective effects may result from hypoxia preconditioning 
(early protection) mediated by the individual Epo response. Interestingly, Epo 
responses and related AMS protection were more pronounced in subjects with prior 
altitude exposures, likely indicating a retention effect. 
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Complex patterns of natural selection into the genetic  
architecture of chronic mountain sickness 

 
 

Jean-Paul Richalet1,6, Steven Gazal2, Jose R. Espinoza3, Frédéric Austerlitz4,  
Dominique Marchant1, Jose Luis Macarlupu3, Olivier Hermine5,6,  
Francisco Villafuerte3, Fabiola Leon-Velarde3, Laurent Gouya6,7 

 
1Université Paris 13, Sorbonne Paris Cité, EA2363 Hypoxie et Poumon, 

Bobigny, France 
2Department of Epidemiology, Harvard T.H. Chan School of Public Health,  
Boston, Massachusetts, USA and INSERM, IAME, UMR 1137, Paris, France. 

3Universidad Peruana Cayetano Heredia, Laboratories for Research and 
Development, Molecular Biotechnology Unit, Lima, Peru 

4UMR CNRS 7206 Eco-Anthropologie et Ethnobiologie, Musée de l’Homme, 
Paris, France 

5Université Paris Descartes, INSERM 1163, CNRS 8254, Institut Imagine, 
Paris, France; 

6Laboratoire d'Excellence, Globule Rouge-Excellence, Paris, France 
7Université Paris Diderot, INSERM U1149, Hème, fer et pathologies 
InflammatoiresAssistance Publique des Hôpitaux de Paris (APHP), 

Hôpital Louis Mourier, Paris, France 
 

Chronic mountain sickness (CMS) is a pathological condition resulting from 
chronic exposure to high altitude hypoxia, the prevalence of which is high in Native 
Andeans (>10%) while low in Natives of East African and Tibetan high-altitude 
plateaus. The underlying genetic architecture that would explain such a prevalence 
pattern, and the link between CMS causal variants and adaptation to high altitude, 
remain unknown. A genome-wide association study (GWAS) on the largest dataset of 
CMS (166 CMS patients and 146 controls living at 4,300 m in Peru) highlighted six 
new candidate loci. Functional validation was performed by looking at differentially 
expressed genes between CMS patients and controls. We highlighted AEBP2 (tagged 
by rs7304081, the first CMS associated variant reaching GWAS statistical significance; 
P = 4.58 x 10-9), CAST and MCTP2. Risk alleles all had a lower allele frequency than in 
Peruvian lowlanders, suggesting a link between CMS risk variants and natural 
selection but interestingly none of our candidate loci were under strong natural 
selection consistent with the observation that CMS affects fitness mainly after 
reproduction time. Genes from HIF-pathway were enriched in signal of natural 
selection but not in CMS variants, suggesting that adaptation to high altitude through 
the HIF-pathway did not impact CMS genetic architecture. Overall, our results reveal 
new insights on genetic architecture of CMS, refuting the main hypothesis that CMS 
associated variants are linked to a strong ongoing adaptation to high altitude and 
suggesting that a different route to functional adaptation may account for the low 
prevalence of CMS in East African high-altitude plateau and Tibet. 
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Hypoxia, erythropoiesis and high altitude  
evolutionary adaptation 

 
 

Josef T. Prchal 
 

University of Utah, Salt Lake City, USA 

 

Hypoxia is sensed and its effect transmitted to an array of physiological 
processes by the hypoxia inducible transcription factors (hifs). These factors are the 
dimers of post-transcriptionally oxygen-regulated hif-α and hif-β subunits, which 
directly regulate transcription of many known and yet to be discovered genes. Hifs 
have distinct tissue and gene specificity, the ubiquitously expressed hif-1 upregulates 
more than 3% of genes in endothelial cells, while the more tissue restricted hif-2 is 
the principal regulator of erythropoietin. The regulation of levels of hifs dimers is 
determined by the post-translational stability of hif-α subunits. In normoxia, these 
subunits are hydroxylated by prolyl hydroxylases (encoded by egln genes) and bind 
to vhl protein, targeting them for rapid destruction in the proteasome. In contrast, in 
hypoxia, these hif-α subunits proteins are stabilized resulting in increased 
transcription of hif-regulated genes. Homozygosity of hypomorphic vhl (the cause of 
chuvash polycythemia) and heterozygosity for egln1 mutated alleles, and also 
heterozygous gain-of-function mutations of EPAS1 gene, cause congenital 
polycythemia.  

Tibetans and Andean Aymaras and Quechuas, long-standing inhabitants of 
extreme high altitude, developed evolutionary selected genes. Tibetan-specific of 
EGLN1, EPAS1, and Tibetan-enriched haplotypes of PPARA, and PKLR genes 
contribute to the Tibetans’ protection from polycythemia at high altitude; however, 
these genotypes do not explain the entire polycythemia protection. In contrast to 
Tibetans, Aymaras and Quechuas are not protected from polycythemia, their 
evolutionary selected genes are only enriched unlike Tibetan-specific EGLN1, EPAS1 
haplotypes. 
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Evidence for genetic adaptation in Peruvian  
highland natives: Results of a large-scale GWAS conducted 

in the Andes (2012-2015) 
 
 

Tom D. Brutsaert1, Fabiola Leon-Velarde2, Sudipta Ghosh3, 
Abigail Bigham4 

 
1Dept. of Exercise Science, Syracuse University, New York, USA 

2Dept. of Biological and Physiological Sc., Unuversidad Peruana,  
Cayetano, Heraedia, Peru 

3Dept of Anthropology, North Eastern Hill University, Shillong, India 
4Facultiad de Ciencias y-filosofia, Cayetano, Heraedia University, Lima, Peru 

 
 
Genomewide scans of Tibetan highland natives reveal positive selection in 

several regions that harbor genes likely involved in high-altitude adaptation.  
Specifically, two genes, EGLN1 and EPAS1, are associated with the decreased 
hemoglobin concentration of Tibetans.  Similar evidence for the genetic adaptation 
in Andean highland natives is lacking.  Here, we describe a large-scale genome wide 
association study (GWAS) that was conducted on n=600 Peruvian Quechua natives of 
the Andean region.  Unlike Tibetans, in Quechua we found no association of putative 
high-altitude alleles with hemoglobin concentration.  However, compelling evidence 
has emerged that EGLN1 has been the target of selection in Quechua, and that a 
putative adaptive variant (or variants) helps explain the higher aerobic capacity 
(VO2max) of Quechua at high altitude.  We found that seven of 13 EGLN1 SNPs 
analyzed were associated with higher VO2max (ml.min-1 and ml.min-1.kg-1) in hypoxia. 
For 5 of these SNPs, the advantageous (high VO2max) allele was at greater frequency 
in Andeans compared to nearly all lowland referent groups worldwide. Our long-
term work in the Andes has allowed us to replicate these findings in an independent 
Andean sample.  Thus, we provide analytically rigorous evidence of genetic 
adaptation in Andeans increasing the frequency of an unknown EGLN1 causal variant 
that enhances O2 delivery and/or O2 uptake/use during exercise at altitude.  
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The hypoxia inducible factor (HIF) pathway is critical in the sensing of 
hypoxia. The objective of this study was to investigate the variants of the genes 
involved in HIF pathway (HIF-related genes) as well as HIF-downstream genes such as 
the endothelial nitric oxide synthase (eNOS) and angiotensin converting enzyme (ACE 
in Sherpa highlanders). The DNA samples from 105 Sherpa highlanders permanently 
residing at 3,440 m (Namche Bazaar, Nepal) and 111 lowlanders of non-Sherpa 
Nepalese permanently residing at 1,300 m (Kathmandu, Nepal) were obtained. The 
allelic discriminations were performed for identification of the single nucleotide 
polymorphisms (SNPs) of the HIF-related genes, which included endothelial PAS 
domain protein 1 (EPAS1: rs13419896, rs4953354, and rs4953388), egl-9 family 
hypoxia inducible factor 1 (EGLN1: rs1435166, rs7542797, and rs2153364), von 
Hippel-Lindau tumor suppressor (VHL: rs779805, rs779808, and rs1678607) and 
HIF1A (rs11549465). The HIF-downstream genes included eNOS (rs1799983 and 
eNOS4b/a polymorphism) and ACE (I/D polymorphism). The plasma levels of 
erythropoietin (EPO) were also measured in both the highlanders and lowlanders. 
The Sherpa highlanders exhibited significantly high variations in the allele 
frequencies and genotype distributions of the SNPs of EPAS1, EGLN1, VHL and ACE as 
compared to the lowlanders. However, the EPO plasma concentration in Sherpa 
highlanders was not significantly different than that in non-Sherpa lowlanders.  The 
genetic variants of HIF-related genes and HIF-downstream genes in Sherpa 
highlanders were found to be highly associated with their adaptation to high-altitude 
hypoxia.  
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Vascular endothelial growth factor (VEGF) is an important signaling protein 
involved in both vasculogenesis and angiogenesis stimulated by hypoxia. 
Identification of the variants of the VEGF in Sherpa highlanders was performed to 
illustrate the association of the VEGF polymorphisms with the high-altitude 
adaptation in Sherpa highlanders. The allelic discriminations were determined for 
five single nucleotide polymorphisms (SNPs) of VEGF, namely C-2578A (rs699947), G-
1154A (rs1570360) and T-460C (rs8333061) in the promoter, G405C (rs2010963) in 
the 5’-untransled region (UTR) and C936T (rs3025039) in the 3’-UTR, in DNA samples 
from 105 Sherpa highlanders permanently residing at 3,440 m (Namche Bazaar, 
Nepal) and the results were compared with those in 111 lowlanders of non-Sherpa 
Nepalese permanently residing at 1,300 m (Kathmandu, Nepal). In addition, the 
plasma levels of VEGF were measured and the results were compared between the 
Sherpa highlanders at 3,440 m and the non-Sherpa lowlanders at low altitude. The 
allelic frequencies and genotype distributions of the SNPs in promoter and 5’-UTR of 
the VEGF were significantly different in Sherpa highlanders as compared with those in 
the non-Sherpa lowlanders. Despite the fact that two sample populations were 
residing at different altitudes, the VEGF plasma concentration was quite similar in 
both the Sherpa highlanders and non-Sherpa lowlanders. The genetic variants in the 
VEGF in Sherpa highlanders are associated with their sea-level VEGF concentration at 
high altitude, which may play roles for an appropriate vasculogenesis and 
angiogenesis in order to supply tissues with adequate oxygen under high-altitude 
hypoxia environment.  
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Percutaneous nephrolithotomy is a safe and effective endourologic procedure 
which is less morbid than open surgery. However, pain around a nephrostomy tube 

requires good post‑operative analgesia. We aimed to compare the effect of addition 

of dexmedetomidine and fentanyl in peritubal local anesthetic infiltration on pain 
scores and analgesic consumption in patients who underwent percutaneous 
nephrolithotomy.  

A total of 60 ASA I-III patients were selected for a prospective randomized 
double-blind study. Patients were divided into group RF (Ropivacaine and fentanyl, 
n=30) and group RD (Ropivacaine and dexmedetomidine, n=30). Balanced general 
anesthesia was given. After completion of the surgery, peritubal infiltration was 

given at 6 and 12 O’clock position under fluoroscopic guidance. Post‑operative pain 

was assessed using the visual analog scale (VAS) and dynamic visual analog scale 
(DVAS) rating 0-10 for initial 48 h. Post-operative sedation was assessed using 5-point 
sedation score. Rescue analgesia was given in the form of injection tramadol 1.0 
mg/kg intravenously when VAS ≥4. Time to 1st rescue analgesic, number of doses of 
tramadol and total consumption of tramadol required in 48 h were noted. The 
duration of analgesia in group RD (12.87± 3.85) was more prolonged than group RF 
(8.13± 3.28) h. Total doses of rescue analgesia required in 48 h in group RF were 
higher as compared to group RD. It was concluded that addition of dexmedetomidine 
to ropivacaine was more effective than fentanyl in terms of prolongation of analgesic 
efficacy of local anesthetic in peritubal block along with short lived mild sedation.  
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Humans and livestock, when at high altitude, place considerable stress on 
their cardiopulmonary function and depending upon circumstances of species, rate 
of ascent and absolute altitude, exertion, and duration of exposure, several forms of 
decompensation and maladaptation occur. These may present quite acutely or 
progress more slowly, but when the individual is not treated or removed to lower 
altitude, serious health deterioration or death is possible. These conditions include, 
in order of historical definition, alveolar hemorrhage with hypoxic exercise, acute 
corpulmonale (brisket disease, subacute mountain sickness), chronic mountain 
sickness, high altitude pulmonary edema and high altitude pulmonary hypertension.  
This talk will highlight the early history of these maladies and how original 
observations have led to greater understanding for better prevention and treatment 
options.       
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Hereditary pulmonary arterial hypertension (HPAH) is associated with bone 

morphogenic protein receptor 2 (BMPR2) mutations. The objective of our study was 
to find the occurrence of mutation, if any, in BMPR2 gene in a patient with HPAH. A 
29 year old male diagnosed with idiopathic pulmonary arterial hypertension (IPAH) 
was analysed for mutations in the BMPR2 gene. His mother and younger sister (only 
sibling) had IPAH and succumbed to disease. Interestingly he had followed the same 
path while on dual therapy with sildenafil and ambrisentan. Therefore, he was 
initiated with imatinib mesylate and currently has improved to functional class I from 
IV with complete resolution of heart failure. The sequence analysis revealed a novel 
missense mutation, a T-to-C transition at position c.346T>C in exon 3 of the BMPR2 
gene. This missense mutation leads to the replacement of cytosine by arginine at the 
position 116 (C116R), which is within the extracellular domain of the BMPR2. We 
describe a novel BMPR2 mutation in a patient with HPAH. The therapeutic response 
to imatinib specific to this mutation needs to be explored. 
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In patients with pulmonary hypertension (PH), the exercise performance has been 
found to be reduced even at sea level due to impairments of pulmonary circulation 
and gas exchange and, presumably, these limitations are more pronounced at 
altitude. However, short-term exposure to moderate hypoxia similar to 2600 m of 
altitude did not deteriorate hemodynamics in 28 patients with pulmonary arterialor 
chronic thrombo embolic PH investigated at rest while vaso reactivity to hyperoxia 
was maintained. In cycle exercise studies performed by PH-patients near sea level 
maximal performance during progressive ramp exercise and endurance of 
submaximal constant load exercise were substantially enhanced by breathing 
oxygen-enriched air. These improvements were mediated by a better arterial, 
muscular and cerebral oxygenation along with a reduced sympathetic excitation, as 
suggested by the reduced heart rate and alveolar ventilation at submaximal isoloads, 
and improved pulmonary gas exchange efficiency. In summary, in patients with PH, 
alterations in the inspiratory PO2 by exposure to hypobaric hypoxia or normobaric 

hyperoxia may reduce or enhance exercise performance, respectively, by modifying 
oxygen delivery to the muscles and the brain, by affecting cardiovascular and 
respiratory control and by altering pulmonary gas exchange. The understanding of 
these physiologic mechanisms will help in counselling individuals planning altitude 
sojourns and prescribing oxygen therapy to patients with PH. 
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The haemodynamic definition of pulmonary hypertension (PH) is the elevation 

of the mean pulmonary artery pressure as measured on right heart catheterization 
by 25 mmHg, capillary wedge pressure of less than 15 mmHg and pulmonary vascular 
resistance by 3 Woods unit. There are 5 groups of PH; each group has certain 
common characteristics in the pathophysiology, clinical presentation and whether 
the subjects respond to the target therapy or not. Group I: is Pulmonary Arterial 
Hypertension, Group II: Pulmonary Venous Hypertension, Group III: PH related to 
hypoxia or chronic lung disease, group IV: Chronic Thromboembolic Pulmonary 
Hypertension “CTEPH” or any Disease mimicking obstructing the pulmonary arteries 
and Group V: miscellaneous which are group of heterogeneous diseases having a 
multifactorial pathology or pathways in developing PH. The pathophysiology of all 
groups of pulmonary hypertension is increased pulmonary vascular resistance is the 
main pathogenic mechanism in pulmonary arterial hypertension (PAH). This is 
typically due to vasoconstriction, remodeling and thrombosis of the small pulmonary 
arteries and arterioles. On pathology, patients with PAH are found to have 
hyperplasia and hypertrophy of the intima, media, and adventitia of the pulmonary 
arterial vasculature.  
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Transforming growth factor β (TGF-β) signaling is required for chronic hypoxia-
induced pulmonary hypertension. Thrombospondin-1 (TSP-1) activation of TGF-β 
contributes to the pathogenesis of hypoxia-induced pulmonary hypertension (PH). 
However, the cellular source of  pathologic TSP-1 nor the downstream signaling 
pathway which links activated TGF-β to PH have been determined. We hypothesized 
that recruited interstitial macrophages are the major source of TSP-1 in hypoxia-
exposed mice, which results in TGF-β activation and increased rho kinase signaling 
causing vasoconstriction.  

Flow cytometry was performed to identify TSP-1+ cells in hypoxia challenged 
mice. Clodronate liposome treatment was used to deplete circulating monocytes. 
TSP-1 loss of function was investigated using bone marrow transplant of TSP-1-/- cells 
into wildtype recipients. TGF-β and Rho kinase activity were measured using a 
reporter cell assay and ELISA kit.  

Flow cytometry revealed that interstitial macrophages are the major source of 
pathologic TSP-1 in hypoxia. Administration of clodronate liposomes prior to hypoxia 
challenge depleted this subsequent population, indicating these cells are circulating 
prior to recruitment into the interstitium. TSP-1 deficient bone marrow protected 
against hypoxic-PH by blocking TGF-β activation and rho kinase-mediated 
vasoconstriction. It is concluded that n hypoxia-challenged mice, circulating 
monocytes are recruited to become interstitial macrophages which express TSP-1, 
resulting in TGF-β activation and rho kinase-mediated vasoconstriction. The study 
was funded by American Heart Association Grant 17POST33670045.  
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Patients with chronic obstructive pulmonary disease (COPD) have an impaired 

pulmonary gas exchange even at sea level. Whether this exposes them to an 
increased risk of excessive hypoxemia and altitude-related adverse health effects 
(ARAHE) when travelling to the mountains or in an airplane has not been conclusively 
studied. Therefore, we performed a series of randomized trials evaluating the 
incidence and type of ARAHE including acute mountain sickness, alterations in lung 
function, exercise performance, cognitive and psychomotor impairments and sleep 
disturbances in lowlanders with COPD suffering from different grades of airflow 
obstruction during sojourns at altitudes of 1,650 to 3,100 M. The results of these 
studies help to counsel COPD patients planning high altitude and air travel and to 
design interventional trials that evaluate measures to improve altitude tolerance of 
patients with respiratory compromise. 
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Many of us tell that “Each subsequent day of the same trip gaining altitude in 

a short period of time, my face gets puffier and puffier. By day four, my face is so 
puffy, my eyelids are all gross and I'm certain strangers can tell something is wrong 
with me” what is this phenomenon? Is it endocrine disorder? Is it seen in all who go 
to high altitude with sudden gain in height? And many more questions still remain. 
The only predictor of acute mountain sickness (AMS) is having had it previously, but 
anyone can get it at any time. The definition in addition  to moon face headache 
after recent ascent plus at least one of the following due to altitude causes water 
retention, hard time sleeping apart from, (i)  tummy troubles (loss of appetite, 
nausea, vomiting, (ii) tired (fatigue/weakness), (iii) tipsy (dizzy/lightheaded) and (iv) 
the terrible insomnia (not just frequent waking). These are the four T's. Not sure how 
to counteract, except to keep sodium levels down, drinking water, maybe some 
diuretics. This may not be "serious", but it clearly troubles all of us and detracts from 
our generally feelings of wellbeing. 

The moon face syndrome mimicking Cushing is associated with salt retention 
apart from short term adjustments to new hypoxic environment by altering 
endocrine system. The drug of choice the Acetazolamide (Diamox), is often 
prescribed for high altitude problems for excreting sodium and sparing potassium. 
Since it is actually a diuretic it might be just the ticket, if not contraindicated for you 
for any reason. Altitude sickness is caused by hypoxia, which up regulates 
prostaglandins, that leads to sympathetic stimulation and pain. Probably aspirin 
blocks this. There have been a few small placebo-controlled studies that show that it 
works, but that's about it. I say if it works, why not? Except one trip I took so much 
aspirin I got nosebleeds. The possible hypothesis and preventive measures will be 
presented during the talk 
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            Pulmonary hypertension (PHT) has classically been treated with expensive 
vasodilators. Through the treatment of hypoxia induced PHT as well as post 
operational hypoxia (and by proxy PHT), possible alternatives for treatment have 
been discovered. Discussed in the paper are the results of those treatments and 
patient interventions. Medications discussed individually are magnesium sulphate 
(MgSO4), angiotensin converting enzyme (ACE) inhibitors, and alpha blockers as well 
as their application in therapeutic regimens.  The conclusions drawn from these 
largely successful interventions led to a proposal for the development of an 
alternative medication for the hypoxia induced PHT that theoretically would prove to 
be as inexpensive as it would be effective.  Bringing together the results of 
aforementioned research, this medication would be comprised of a trifecta of 
MgSO4, ACE Inhibitors, and alpha blockers. It was observed that the therapy with 
three drugs exhibited synergistic effects and reduced side effects to a minimum. The 
goal of the study has been to develop an affordable medication for wider application. 
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Acute vasodilator testing (AVT) identifies responders in idiopathic pulmonary 
arterial hypertension (IPAH) and operable shunt lesions. We sought to determine 
feasibility of intravenous (iv) sildenafil as an alternate agent for inhaled nitric oxide 
(iNO) in AVT. We compared the applicability of iv sildenafil with iNO in acute 
vasodilator testing in patients with pulmonary arterial hypertension (PAH). The 
patients with PAH undergoing cardiac catheterisation for AVT from June, 2015 to 
July, 2018, were prospectively enrolled. Hemodynamic data was obtained at 
baseline, with iNO 20 parts per million (ppm) and iv sildenafil (0.25 mg/kg for 
children of <18 yrs and 10 mg/kg for adults). We studied 26 patients (17 females and 
9 males) with mean age 20.7 ± 12.9 years and mean body surface area 1.2 ± 0.4 m2. 
Indications were operability assessment (42.3%), IPAH (38.4%) and residual PAH 
(19.2%). Baseline mean pulmonary arterial (PA) pressure was 61 ± 20 mmHg, mean 
aortic pressure 89.1 ± 14.6 mmHg and pulmonary vascular resistance index (pvri) of 
18.1 ± 11.4 Wu.m2. Measured variables showed good agreement (intra class 
correlation) for PA pressures (systolic 0.78, diastolic 0.77, and mean 0.83, p <0.01), 
pvri (0.87, p <0.01), pvri:svri ratio (0.83, p < 0.01) and ratios (systolic PA: systolic 
aortic pressures 0.91, mean PA: mean aortic pressure 0.95, p <0.01). Three patients 
with positive AVT on iNO met the criteria with iv sildenafil. It could be concluded that 
the hemodynamic changes caused by iv sildenafil were comparable to iNO, which 
may be a promising alternative for AVT. 
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Acute Mountain Sickness (AMS) is most likely to effect expeditions due to 
higher incidence and possible progression to High Altitude Cerebral Edema (HACE). 
Side-effects limit use of recommended acetazolamide for AMS prevention. Present 
study was designed to evaluate effectiveness of Ibuprofen in prevention of AMS 
compared to Acetazolamide and Placebo.  Participants (Healthy Indian males, age 
between 20-49 y with an average of 29 y) were recruited and randomized into three 
groups at 350m above sea level. Subjects in three groups were given Acetazolamide 
(A)-85 mg, Ibuprofen(B)-600 mg, Placebo (P) Calcium Carbonate administered TDS 
one day prior and three days after airlift to 3500m high altitude. Participants were 
evaluated for AMS using Lake Louis Questionnaire and for pulse, BP, SPO2 and 
respiratory rate twice/day for first two days and once/day for days three to six. Total 
443 participants were recruited but 139 could not be timely airlifted to high altitude. 
Findings were analyzed using intent to treat (IT) (N=443; A=99, B=102, C=103) and 
per protocol analysis (PP) (N=304; A=83, B=87, C=84). The incidence of AMS in A, B 
and P was 12.12%, 4.9% and 12.62% and 12.04%, 5.74% and 12.79% as per IT and PP 
respectively. The relative risk for developing AMS in the two groups was A-0.96 
(CI:0.46-2.0) (p=0.91), B-0.39 (CI:0.14-1.04) (p=0.06) and A-0.94 (CI:0.42-2.1) 
(p=0.88), B-0.45 (0.16-1.24) (p=0.12) by IT and PP respectively. The incidence of AMS 
in the group-B was lower than other groups. Findings suggest that Ibuprofen has 
similar efficacy, if not better than, to that of Acetazolamide at 3500m in AMS 
prevention. Effectiveness of the Ibuprofen in HA illness prevention at greater heights 
and steeper ascent rates remains to be seen. 
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The B cells are a central arm of the adaptive immune defense system. Their 
development is complex, commencing in the bone marrow and traversing a broad 
range of oxygen tensions. Early in the course of their development they assemble an 
initial B cell receptor. Strength of the signal from B cell receptor governs receptor 
editing, positive selection and negative selection. To explore a potential role for the 
HIF pathway in B cell development we initially inactivated Van Hippel Lindau (VHL) 
specifically in B lymphocytes in mice, using lox-Cre technology. This resulted in 
constitutive activation of HIF-1α in the B cell lineage, and a marked reduction in 
peripheral B cells. Mechanistically, we showed that this effect of VHL loss-of-function 
was mediated by activation of HIF-1α. We found that the HIF-1α inhibits receptor 
editing in response to self-antigen and lowers the survival threshold of immature B 
cells. In the absence of VHL, there was a marked decrease in the diversity of pre-
immune B cell repertoire, which occurred earlier in development than the reduction 
in B cell numbers. We conclude that control of HIF-1α by VHL is required for B cell 
receptor editing, which is a major mechanism of central tolerance and underpins 
generation of a diverse B cell (and hence antibody) repertoire. This raises the 
possibility that small molecule HIF activators which are currently in clinical trials 
could alter immune tolerance. 
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Although anucleate, the platelets have a transcriptome and proteome that is 
dynamic and responsive to inflammation, vascular damage, and other stressors. For 
example, platelets process pre-mRNAs for interleukin-1b and tissue factor, triggering 
signal-dependent, thrombo-inflammatory responses. Additionally, during 
pathophysiological settings of inflammation induced hypoxia, platelets differentially 
regulate their transcriptome and proteome, leading to altered platelet gene 
expression, protein turnover, and survival; some of these mediated through calpain-
dependent activities.  
           As hypobaric hypoxia is associated with increased thrombosis through 
incompletely understood mechanisms, we examined the platelet molecular signature 
and functional responses in apparently healthy Han Chinese donors residing either at 
high-altitude for two months (3,700 meters, n=43) or age, gender, and race matched 
donors residing at sea level (50 meters, n=39). The transcriptome of highly-purified 
platelets was analyzed by microarray, with candidate genes validated by qRT-PCR 
and immunoblot. The morphology of platelets under hypoxic conditions was 
analyzed by transmission electron microscopy. Platelet functional responses were 
examined via adhesion, clot retraction, and ELISA assays.  
           Hypobaric hypoxia exposure increased platelet reactivity, reflected by 
significantly enhanced platelet adhesion to fibrinogen, decreased clot retraction, and 
alpha granule secretion. Hypoxia also altered the expression of numerous transcripts 
and proteins in platelets. Integrins alpha IIb and beta 3, which bind fibrinogen, were 
among those upregulated during hypoxia. Other significantly differentially expressed 
genes in platelets were implicated in apoptosis, mRNA splicing, and calcium signaling. 
These data suggest that hypobaric hypoxia contributes to high-altitude induced 
thrombosis via alterations in platelet gene expression and pro-thrombotic responses.   
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Oxidative stress is known to promote telomere shortening and dysfunction. At 
high altitude (HA), UV rays and oxidative stress causes excessive production of 
reactive oxygen species (ROS). The ROS-activated mitochondrial programs 
orchestrate telomeric damage. So, we hypothesize that the telomeres could be one 
of the important markers with respect to HA adaptation or maladaptation. 
Moreover, Tankyrase (TNKS) acts as a positive regulator for telomere length. We 
aimed to explore TNKS genetic polymorphisms and its level and correlate with 
telomere length and telomerase activity in three well defined groups, HA pulmonary 
edema patients (HAPE-p), HAPE-free sojourners (HAPE-f) and healthy highlanders 
(HLs). Three tankyrase SNPs, rs7015700, rs12541709 and rs11991621 were 
genotyped. The heterozygotes rs7015700GA and rs11991621GA were prevalent in 
HLs over HAPE-f, hence it may contribute to adaptation. HLs have the highest 
telomere length followed by HAPE-f and HAPE-p (p<0.05). In a correlation analysis 
between the heterozygotes and the telomere length, the greater length was 
observed in HLs than the patients. The HAPE-p and HLs had significantly decreased 
concentration of tankyrase as compared to HAPE-f (p<0.05). These results suggest 
that telomeres exhibit differential behaviour in HLs, HAPE-p and HAPE-f. The 
telomeres, therefore, seem to be potential markers at high altitude 
adaptation/maladaptation phenomena. However, further studies are required to 
study the phenomena in more detail, like some more genes of telomere complex viz. 
TERT, TERC, TNKS, TRF and RTEL, their functional polymorphisms, expressions and 
regulatory aspects need to be explored to confirm the role of telomeres in high 
altitude adaptation/maladaptation. 
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Which method is best in assessing body fat content of an individual, is still a 
subject of ongoing debate in literature. Using skinfold measurement (one of the most 
reliable method if done by a trained examiner) for assessing body fat, the study 
proposed new cut-off points for adiposity among native highlander Gorkha soldiers. 
High body fat percentage or excess adipose tissue is of particular interest because it 
is related to increased risk of morbidity and mortality. Cross-sectional 
anthropometric measurements of 1,206 Gorkha soldiers in the age range of 18-49 
years (mean age 28.8 ± 7.8 years), were collected from several locations and divided 
into age groups such as < 20 years, 20- 24 years, 25-29 years, 30-34 years, 35-39 
years, 40-44 years and > 45 years. Biceps, triceps, sub-scapular, supra-iliac skinfold 
thicknesses, sum of four skinfold thicknesses (taken by one investigator) and Body 
Mass Index were the anthropometric variables studied.  To identify predictors of 
obesity, a ROC curve with a confidence interval of 95% was considered.A fine 
correlation was observed between fat mass and skinfold measurements. The soldiers 
in the age group above 25 years showed higher fat percent. The 20% body fat was 
used to classify obesity level among them and a good area under curves with 95% 
confidence intervals was observed. We proposed skinfold-based adiposity cut off 
values with corresponding sensitivity and specificity for optimisation of health of 
Gorkha soldiers in different age groups i.e. 25-29 years, 30-34 year, 35-39 years and 
40-44 years.  
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Cell senescence, defined as a stable cell-cycle arrest combined with 
stereotyped cellular changes, is now recognized as a key biological process 
associated with age-related pathologies including those targeting the lung. Previous 
work carried out with the support of our group demonstrated an association 
between sustained hypoxia and increased cell senescence in the lung and other 
organs, with aberrant cytokine release as part of the senescence-associated 
secretory phenotype. We recently described that the recurrent intermittent 
hypoxaemia in obstructive sleep apnea syndrome promotes the induction of cell 
senescence (Boyer L et al, Ann Am Thorac Soc, 2016). The mechanisms underlying 
cell senescence in the context of exposure to chronic hypoxia or intermittent hypoxia 
is presently under investigation.  

The role for senescent cells in the pathogenesis of hypoxic pulmonary 
hypertension (PH) also remains unclear. In PH, both beneficial and detrimental 
effects of cell senescence have been reported. The PH is primarily a proliferative 
disease resulting from hyperplasia of pulmonary vascular cells, and inducing cell 
senescence may be capable of halting the abnormal proliferative process. In animal 
models of PH, we showed recently that inducing cell senescence prevented and 
reversed PH (Mouraret N et al, Circulation 2013, 2015). Accumulation of senescent 
cells may, however, occur in pulmonary vessels, especially during aging or in chronic 
lung. In previous studies, we showed that senescent pulmonary artery smooth 
muscle cells (PA-SMCs) stimulated the growth and migration of normal target PA-
SMCs through the secretion of paracrine soluble and insoluble factors (Saker M et al, 
Art ThrombVasc Biol, 2016; Noureddine H et al, Circ Res 2011). In recent studies we 
used mice expressing a killer gene construct driven by the p16 promoter (p16-INK-
ATTAC mice) and found that elimination of p16 positive senescent cells lead to an 
increased level of right ventricular systolic pressure in old mice, while being exposed 
either to normoxia or chronic hypoxia. Ongoing studies will decipher the role plaid by 
senescent cells in young versus old mice in the setting of chronic hypoxia exposure.   
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Pulmonary vascular reserve reflects the capacity of the pulmonary circulation 
to adapt to high exercise performance. The combination of low pulmonary vascular 
resistance (PVR), high pulmonary vascular distensibility and high lung diffusing 
capacity, defined as great "pulmonary vascular reserve", has been shown to be 
associated with a superior aerobic exercise capacity (VO2max). This observation 
strongly suggests that exercise capacity is modulated by the functional state of the 
pulmonary circulation. However, why a more distensible pulmonary circulation may 
be related to a higher aerobic exercise capacity remains incompletely understood. 
These observations have been made in healthy normoxic subjects and been 
confirmed at moderate and high altitudes where hypoxic pulmonary vasoconstriction 
(HPV) increases PVR and decreases pulmonary vascular distensibility, even though 
the overwhelming determinant of decreased maximum oxygen uptake and maximum 
workload then becomes a decrease in arterial O2 content (CaO2).  

As aerobic exercise capacity is inversely correlated to increased pulmonary 
vascular tone, there has been the idea of pulmonary vasodilating interventions as an 
ergogenic aid, particularly during high altitude exposure when HPV is activated. 
Phosphodiesterase-5 inhibitors, endothelin receptor blockers or high dose of 
corticosteroids either slightly improved or did not affect exercise capacity, 
pulmonary arterial pressure or lung diffusing capacity. Thus, at this stage whether a 
pharmacological decrease in pulmonary vascular tone improves exercise capacity at 
moderate altitude is uncertain, and reported effects at high altitudes are 
controversial. 
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Airway epithelial cells form a structural boundary between the lung and 
the external environment, and recent results suggest that their health plays a 
critical role in various airway diseases. Stressed epithelia produce cytokines, such 
as TSLP, IL-33 and IL-25, which can orchestrate airway inflammation and 
remodeling. Polyamines, such as putrescine, spermidine and spermine, are 
positively charged ubiquitously present biological molecules at physiological pH. 
Maintenance of their optimal levels is very important for normal biological 
processes. The role of polyamines in bronchial epithelial cell homeostasis has not 
been elucidated so far. 

Here, we demonstrate for the first time that spermidine/spermine-N(1)- 
acetyltransferase-1 (SAT1) and spermine oxidase (SMOX), key polyamine catabolic 
enzymes, are significantly downregulated in bronchial epithelial cells of human 
asthmatic lung samples and mice with allergic airway inflammation (AAI). However, 
polyamine anabolism was unchanged in AAI. In addition, we observed in naïve 
mice that either SAT1 or SMOX knockdown led to airway hyper-responsiveness, 
remodeling and bronchial epithelial cell apoptosis. Conversely, in mice with AAI, 
overexpression of either SAT1 or SMOX decreased TSLP levels and bronchial 
epithelial cell apoptosis which led to alleviated airway hyper-responsiveness and 
remodeling. Moreover, pharmacological induction of SAT1 and SMOX using the 
polyamine analogue bis(ethyl)norspermine alleviated airway hyper-responsiveness, 
remodeling and bronchial epithelial cell apoptosis. Thus, induction of polyamine 
catabolism by either pharmacological or genetic means could help in developing 
novel therapeutic approaches for maintaining bronchial epithelial cell homeostasis 
and alleviating asthma and other respiratory diseases. 
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Tuberculosis (TB) is one of the oldest diseases of humans and is caused by 
Mycobacterium tuberculosis. TB usually affects the lungs, although other organs are 
involved in 15-30% of cases. If properly treated, TB caused by drug-susceptible strains is 
curable in virtually all cases. If untreated, TB may be fatal within 5 years in 2/3 of cases. 
Multidrug resistant tuberculosis (MDR-TB) is a form of TB that needs longer, more toxic and 
more expensive regimens. Still the cure rate in MDR-TB is reported to be only 50%. One 
third of world is estimated to have latent TB infection.  

The altitude has been known for some time to have an almost curing effect on those 
infected with the pulmonary diseases including tuberculosis, and altitude therapy in 
mountain hospitals and clinics were used strictly to help cure the sick of their ailments in the 
early 1800s.  Many studies found that if a person infected with tuberculosis travels to an 
elevated area that there is no difference in the antimycobacterial immunity they would have 
at sea-level, proving the old trend wrong. Evidence from both in vitro and in vivo studies of 
oxygen administered at reduced atmospheric pressure demonstrates that low oxygen 
pressures inhibit the ability of M. tuberculosis to survive and multiply. People born and 
raised at high altitude appear to have a lower prevalence of tuberculosis than those living at 
sea level, but whether this is strictly a protective effect of low ambient oxygen tension 
related to a decreased rate of mycobacterial growth, transmission, and development of 
disease—or other factors—is debatable.  Whether immunologic defenses against 
tuberculosis at high altitude have strengthened or weakened the likelihood of disease is 
unknown.  Several mechanisms probably interact to contribute to the net effect of high 
altitude on tuberculosis.  Most important, surely, must be the particular altitude itself, 
which determines the magnitude of reduced ambient oxygen pressure. Related variables 
include the intensity of ultraviolet radiation, temperature, and humidity that influence, in 
turn, the number of residents per household, ventilation of dwellings, and time spent 
indoors versus outdoors. 

All the States of India in the Himalayan belt including the eight North Eastern states, 
the incidence rate of TB is less than the National average except Sikkim which is having the 
highest incidence rate in India. MDR)-TB cases are found among 11% (10-12%) of the new 
tuberculosis cases and 30% of the retreatment cases in Sikkim which is double the National 
average. Seventy per cent of the MDR strains in Sikkim are found as ‘Beijing strains and is 
considered to be more virulent with a higher tendency to develop drug resistance. A 
particular high-altitude location do not guarantee an established reduced risk of 
tuberculosis; the relationship between these two quantifiable attributes remains a moving 
target with multiple uncertainties. 
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Pulmonary Hypertension (PH), a fatal cardio-pulmonary disease, is 

characterized by pulmonary vascular remodeling, due to excessive proliferation of 
pulmonary vascular cells, and increased right ventricle pressure. Although, a number 
of pathways are involved in pathophysiology of PH, there are increasing evidences 
which suggest an important role of inflammation in PH. Mitogen-Activated Protein 
Kinase (MAPK)-Activated Protein Kinase 2 (MK2), a major downstream target of p38 
MAPK, plays a pivotal role in inflammation. Therefore, we hypothesized that MK2 
may contribute in pathophysiology of PH. For this, the human pulmonary artery 
smooth muscle cells (HPASMCs) were exposed to hypoxia (1% O2) for 72 h. The 
HPASMCs proliferated extensively and significantly expressed MK2. The siRNA 
mediated inhibition of MK2 (60 nM) significantly prevented the proliferation of 
HPASMCs, reduced expression of MK2 and decreased inflammatory markers (IL-1β 
and NF-ĸb). Further, we confirmed the role of MK2 in PH by using MK2-deficient 
mice (MK2-/-). Monocrotalin (MCT) (600 mg/kg, i.p.) was administered once a week 
for 5 weeks in wild type and MK2-/- mice. As compared to control mice, there was a 
significant rise in right ventricle pressure (RVP) in wild type mice but no significant 
rise in RVP was observed in MK2-/- mice. MCT-treated mice (wild type) also showed 
increased RV mass and reduction in ejection fraction as compared to control mice 
whereas MCT treated MK2-/- mice showed no significant increase in RV mass and 
reduction in ejection fraction. These results show that MK2 plays an important role in 
increasing inflammation and its inhibition may be protective in pulmonary 
hypertension. 
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Previous studies have suggested that high concentration of nitric oxide (NO) in 
the lungs among high altitude natives may play an adaptive role in offsetting hypoxia. 
This observation compelled us to examine if such occurrence can be replicated in 
other high altitude native populations. Our main aim was to understand whether 
such adaptive mechanism is a universal phenomenon or population specific criterion. 
For that a total number of 670 individuals were recruited from three ethnically and 
geographically diverse populations i.e. India, Peru and the USA. Three separate sub-
groups of Quechua (Peru) participants were recruited. The Indian participants 
(TawangMonpa) were an indigenous Tibetan derived high altitude population. The 
USA participants were from Syracuse, New York. Fractions of exhaled NO and other 
anthropometric-physiological parameters were measured on each participant 
following standard protocols. All statistical analyses were performed using SPSS 
version 24.0 and STATA 11.1. Partial pressure of exhaled nitric oxide (PENO) was 
significantly lower in both high altitude resident groups (TM= 6.2±0.5 nmHg and Q-
HAR=5.8±0.5 nmHg), as compared with the groups measured at sea level (USA= 
14.6±0.7 nmHg, Q-BSL= 18.9±1.6 nmHg, and Q-M= 19.2±1.7 nmHg). Interestingly, 
PENO was not significantly different between TM and Q-HAR. Findings of the present 
study differ from earlier data on Tibetans and suggest that high nitric oxide in human 
lungs might not be universal adaptive mechanism to offset hypoxia and hence may 
vary in different Tibetan derived populations. Moreover, Andean Quechua and 
TawangMonpa do not reveal any ethnic difference in their exhaled NO, irrespective 
of their marginal altitude difference. 
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         Majorly, a genetic predisposition has been suggested for systemic hypertension 
(SH); however, the pathogenesis remains largely unknown. Therefore, a combined 
approach with genome-wide association studies (GWAS) using 2.5 million single 
nucleotide polymorphisms (SNPs) and candidate gene was used to investigate novel 
genes and their pathways involved in the regulation of blood pressure. We 
conducted a genome-wide study in the high altitude north Indian population, 
followed by replication of 96 SNPs including candidate gene SNPs belonging to 39 
genes and performed a case-control association study in a larger cohort of high 
altitude and low altitude north Indian population. Candidate genes were selected 
from among those encoding components of signal transduction pathways, including 
receptors, soluble carrier proteins, binding proteins, channels, enzymes, and G-
proteins, that are potentially related to blood pressure regulation. The single-locus 
analysis was used to identify the models for genotype interactions. Genetic 
association analyses of high altitude and low altitude populations indicated that 14 
SNPs of 12 genes were significantly associated with SH (6 SNPs, protection; 10 SNPs, 
risk).  PLCXD3 associated with calcium signalling pathway seems to be a novel 
promising candidate gene for the disease. PI3K-Akt signaling and cholinergic synapse 
pathways (P≤5.71e-22) were found to be highly significant for APLNR, CHRM2, KSR2, 
GNB3, GRM7 and CD47 genes. To conclude, our findings are encouraging albeit, 
further validation of these variants may help identify contributing factors to the 
pathophysiology of SH, as well as categorize potential targets for medical 
intervention strategies. 
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            Essential hypertension (EH) is a multifactorial universal pathological condition. 
This study deals with the genes that are regulating the levels associated with EH at 
high-altitude. Elevated blood pressure has been observed to be more deleterious 
under hypobaric condition, especially when it persists for longer time in sojourners. 
Nitric oxide (NO) is one of the most relevant bioactive molecules that partake in the 
regulation of vascular homeostasis. Hence the respective protein/enzyme and gene 
namely nitric oxide synthase (NOS3) both are integral to the anatomical and 
functional integrity of the vascular endothelium. NOS3 gene represents an 
interesting pharmaceutical target in relation to EH located on chromosome 7q36 
with ~23kb of genome. Several polymorphic variants of this gene such as rs1799983, 
rs3918234, rs3918201, rs3918232 have been investigated extensively. In this study, 
we hence applied in silico tools to generate and predict a superior quality of 3D 
structure of human NOS3 (P29474) in relation to four missense polymorphisms and 
their interaction with FMN, heme and FAD. Multiple templates (1TLL, 1M9J) with 
known structures were retrieved, target-template alignment was prepared by 
multiple sequence alignment and NOS3 model was built through ModelerV19 with 
heteroatom. The statistical verification of the generated model was validated by 
PROCHECK that showed the model to be reliable with 93.1% of residues in favored 
region. Molecular docking and dynamics, carried out for the NOS3-FAD, NOS3-FMN 
and NOS3-heme complexes, illustrated the ∆G score. The NOS3 (rs1799983, 
rs3918234, rs3918201, rs3918232) showed good binding affinity, orientation and 
interactions at molecular level. MD simulations have been carried in order to 
uncover the SNPs that cause the structural damage to the NOS3 altering its biological 
function and found all the SNPs are involved in structural modulation of NOS3. The 
dry-lab study can whittle new appreciations in research and thus holds promise for 
rational for future studies basic or applied like the drug designing for developing 
newer therapeutics in EH at high-altitude. 
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Hypobaric hypoxia (HH) exposure is known to cause cognitive decline and 

neurodegeneration. A wide variety of potassium channels specifically small 
conductance calcium activated potassium channels (KCa/SK channels) are expressed 
in the central nervous system and involved in learning and memory. Role of SK 
channels has been reported in synaptic plasticity, cognition and different 
neurological disorders, however, the precise role of SK channels in 
HH/Reoxygenation induced memory impairment remains yet to be explored. The 
present study was designed to investigate the role of SK channels in 
HH/Reoxygenation induced cognitive decline in rats. Sprague-dawley rats were 
exposed to HH at an altitude of 25,000 ft in animal decompression chamber for 7 
days followed by different re-oxygenation periods. Memory assessment was 
performed prior to and after hypoxic exposure.  Results revealed that H/R exposure 
leads to significant increase in expression of SK3 channels at protein level which after 
6h restored to normal. Remarkably, SK2 channel expression showed gradual increase 
after 7 days HH till 6h of reoxygenation. Immunohistochemical analysis revealed 
similar pattern in different regions of the hippocampus. Caspase 3 expression was 
found to be significantly increased in 6h group. Level of ROS was found to be 
significantly increased. There was significant increase in MDA levels following 
reoxygenation time. Thus, the present study shows that the HH exposure and 
reoxygenation induces oxidative stress and enhances SK channel activity leading to 
decline in cognitive functions. 
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High altitude hypoxia (HH) has a spectrum of pathophysiological effects on the 
brain like high altitude headaches, gliovascular dysfunction, cognitive slowing and 
inaccuracies. Prostaglandin E2 (PGE2), an important immunomodulator produced 
during arachidonic acid(AA)  metabolism, in response to HH is implicated in host of 
physiological response in people ascending to high altitude. Evidence from various 
animal model and human studies have shown AA metabolism by virtue of 
cyclooxygenase-2 (COX-2) and cyclooxygenase-1 (COX-1) activity before clinical 
manifestation in many diseases. However, the contribution of COX-2 versus COX-1 
isoforms in relative PGE2 production and downstream proinflammatory response 
and cognitive deficit in HH is not known. In the present study we have explored AA 
metabolism via cyclooxygenase (COX) pathway in day dependent manner (0, 1, 3 and 
7 days) in Sprague Dawley rats. Furthermore, we investigated inflammatory response 
by measuring levels of pro-inflammatory cytokines in hippocampus along with cell 
type specific induction of both COXs. Our data revealed that both COX-1 and COX-2 
contribute to increase COX activity and PGE2 level post HH. We have shown that the 
increase in COX activity, in response to HH, culminated in significant increase in 
hippocampus inflammation, concomitant with spatial memory impairment and 
neuronal injury. We showed HH induced distinct COX-1 expression in microglia, 
whereas COX-2 expression was predominant in neurons and astrocytes. Notably, we 
showed that the inhibition of COX-1 using Valerylsalicyclate (5mg/kg/i.p) has more 
prominent role in containing hippocampus inflammation than COX-2 inhibition 
(Celecoxib (20mg/kg/i.p)) but both COX-1 and COX-2 inhibition ameliorated spatial 
memory impairment and neurodegeneration during HH exposure. Our data, thus, 
revealed COXs role as a critical modulator of neuroinflammatory effects in HH 
induced spatial memory impairment and also, implicated cellular source of PGE2 in 
response to HH. 
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Indian troops are deployed at high altitude regions of the Himalayan ranges. 
As the altitude increases, density of air decreases, thus reducing the available 
number of oxygen molecules per breath. Human body adjusts to these changes by 
process of acclimatization which results in a series of physiological changes to 
improve the oxygen delivery to tissue. This process of acclimatization for 6+4+4 is not 
possible during rapid induction of soldiers during emergency military operations or 
during war. Enrichment of room air with pure oxygen can supply additional molecule 
of oxygen per breath. An increase of1% in the oxygen level results in decrease in 
effective altitude by approximately 1000 ft. So additional enrichment of 6% of 
oxygen i.e. 21% to 27% at 15000 ft can bring down the effective altitude to 9000 ft 
thus, the SpO2 level within safe level. Therefore, it is helpful in treating the cases of 
acute mountain sickness. Design of the oxygen enrichment facility involves three 
major components i.e. the oxygen supply system, the oxygen and carbondioxide 
sensing and controlling system, and the air tight enclosure. Based upon this principle, 
four oxygen enrichment facilities have been designed and developed at Leh. One 
oxygenated solar heated shelter has been installed at Giagong. Since the soldiers 
need to perform the operations outdoor, so a battery operated portable oxygen 
generation system for the outdoor activities is under development which will supply 
oxygen based upon the feedback from the SpO2 level of the individual thus 
conserving battery and life of the system for longer operations.  
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High altitude (HA) environment imposes several physiological challenges for 
the non-acclimatized sojourns stationed at HA. This may lead to serious life 
threatening cardiopulmonary and cardiovascular complications including venous 
thrombo-embolism (VTE), which is clinically, represented by deep vein thrombosis 
(DVT) and pulmonary embolism (PE). Several case studies from Indian Army have 
documented sudden deaths at HA caused due to PE. The VTE is a complex multi-
factorial disease with unknown pathophysiology; involving genetic, acquired as well 
as environmental risk factors. Since occurrence of VTE is mostly sudden and 
asymptomatic, there is an urgent need for its early diagnosis and improvisation in its 
therapeutic strategies in order to prevent any fatal outcome. MicroRNAs (miRNAs) 
are small non-coding RNAs that regulate gene expression in diverse biological 
process, regulating the expression of multiple target genes either by blocking 
translation or by direct degradation of their target mRNAs. We conducted an in-silico 
study using various online miRNA and their target prediction tools. Further pathways 
and network analysis revealed that several peripheral miRNAs such as hsa-mir-320a, 
hsa-mir-195, hsa-mir-103a-3p and hsa-mir-26a, regulate genes involved in processes 
of platelet adhesion, activation, hemostasis, angiogenesis and endothelial 
dysregulation; and thus, could be linked to VTE/DVT predisposition and susceptibility.  
Further on-going validation experiments with specific miRNA assays, would 
determine the alteration in expression of these miRNAs in VTE patients compared to 
controls. Based on the above studies, the miRNA-targeted therapeutics including 
either miRNA-mimics or miRNA-antagonists could be used for treatment of VTE 
patients. Our targeted miRNA approach could also provide new insights into the 
mechanism underlying VTE susceptibility. 
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High-altitude (HA) hypoxia exposure induces venous thromboembolism (VTE) 
in otherwise healthy individuals, however, it remains to be established. We aimed to 
explore whether HA hypoxic environment effects platelet and endothelial cells 
activation distinctly in VTE patients from HA than the VTE patients at sea level and 
tried to establish the crucial role of HA exposure in aggravating the predisposition 
towards VTE. We comparatively evaluated gender and manifestation matched VTE 
patients from HA and VTE patients from sea level for platelet and endothelial 
activation markers. Comparison of proportions was performed to assess the relative 
strength of association between VTE and HA exposure owing to respective 
parameter. Further, receiver operator characteristics analysis was performed to 
determine the influence and association of HA on each parameter and CIs for odds 
ratio along with sensitivity and specificity was calculated. Our results established an 
association of HA hypoxic environment with alterations in studied platelet and 
endothelial activation markers reflected by significant relative strength of 
association. The sensitivity and specificity for platelet activation and endothelial 
activation were 64% (51 – 75), 90% (78 – 97) and 67% (55 – 78), 89% (77 – 97), 
respectively. Comparing the tails of the number of altered parameters in each 
individual showed significant perturbation of platelet and endothelial activation in 
HA-VTE patients as compared to VTE patients from sea level with p<0.05. In 
conclusion, this study suggests that HA exposure exaggerates the early onset of VTE 
by perturbation of molecules associated to vasculature with greater inclination than 
at sea level. 
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Alcohol is a psychoactive substance with dependence-producing properties 
that has been widely used for centuries as an integral part of many cultures. Alcohol 
affects women in significantly different ways from men. Consumption of alcohol 
even in a small amount among women is capable of inflicting more severe problems 
over shorter periods of time. Our objective was to find the prevalence of alcohol 
consumption among women of reproductive age group in urban field practice areas 
of SMIMS and study its association with their socio-demographic and socio-economic 
profile. Efforts were made find the factors causing stress, if any. 

A community based descriptive cross-sectional study was conducted, enrolling  
200 women of reproductive age group (15-49 years) from urban field practice area of 
Sikkim Manipal Institute of Medical Sciences, Gangtok. Information was collected 
using predesigned, pretested questionnaires and AUDIT (Alcohol Use Disorders 
Identification Test) of WHO. The data was entered in Microsoft excel spread sheet 
and analysis was done in SPSS full version 22. The results showed that the mean age 
of women consuming alcohol was 27.7 years. The prevalence of alcohol consumption 
among the study population was found to be 40.5 per cent. It was found that 
drinking habits among the study population was influenced by social customs, 
consumption of alcohol by friends, relatives and stress factors. Alcohol consumption 
was found to be significantly high among women of younger age group (15-25 years), 
high socio-economic status, and those concurrently using tobacco. Consumption of 
alcohol among the women of reproductive age group is indicative of a widely 
prevalent drinking habit in Sikkim. The study reveals that social customs, higher 
socioeconomic status, concurrent use of tobacco and stress plays a major role in 
consumption of alcohol among the study population. 
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         Systemic hypertension (SH) of unknown cause is a multifactorial disease that 
tends to increase at high altitude (HA). The pathogenesis of SH remains largely 
unknown; however, a genetic predisposition has been suggested. In the present 
study, we used a DNA single nucleotide polymorphism (SNP) chip representing over 
2.5 million SNPs to analyze DNA from hypertensive highlanders (HHLs) and 
normotensive highlanders (NHLs). Copy number variable (CNV) analysis revealed that 
the number of autosomal CNVs were significantly higher in HHLs as compared to 
NHLs.  Interestingly, deletion variation in HHLs was found to be significantly more 
when compared to NHLs. Identification of the genes and their associated pathways in 
the two groups revealed Insulin/IGF pathway-protein kinase B signaling cascade and 
p53 pathway by glucose deprivation as the risk pathway for the disease. We, thus, 
define a functional network between the CNVs, genes, and their associated pathways 
with risk and protection for systemic hypertension. Furthermore, examination of 
these variations may help identify contributing factors to the pathophysiology of SH, 
as well as categorize potential targets for medical intervention strategies. 
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Telomere attrition is known to occur under oxidative stress, a key 
phenomenon observed in various high altitude (HA) diseases such as high-altitude 
pulmonary edema (HAPE). The stimulus of oxidative stress affects the telomere-
telomerase system in various ways that might be crucial for HAPE pathophysiology. 
This study was hence designed to investigate the role of telomere-telomerase system 
in the development and continuance of HAPE.  

Alterations in telomere length, telomerase activity and oxidative stress 
biomarkers were studied to define HAPE susceptibility. Further, 50 single nucleotide 
polymorphisms (SNPs) across eleven genes of the telomere-telomerase system were 
investigated in 150 each of HAPE-patients (HAPE-p), healthy sojourners as HAPE-free 
(HAPE-f) and healthy highland natives (HLs; Ladakh, India). Shorter telomere length, 
lower telomerase activity and increased oxidative stress were observed in HAPE-p 
than HAPE-f and HLs (p<0.05); whereas telomeres were lengthiest in highland natives 
(p<0.05). The genetic study revealed the involvement of SNPs of RAP1 (Repressor 
protein 1), TERC (Telomerase RNA template) and TEP1 (Telomerase associated 
protein 1) in HAPE risk, whereas, the involvement of TPP1 (TIN2 and POT1 interacting 
protein 1) in HAPE protection. Further, the haplotypes of TERF1 (TIN2 and POT1 
interacting protein 1), TEP1 and HSP90AA1 (heat shock protein 90) served as 
protective haplotypes. The present study, for the first time, signifies the role of the 
telomere-telomerase system in HAPE susceptibility and protection against the 
hypobaric hypoxic environment of HA. 
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Telomeres are prone to damage by reactive oxygen species and the ultraviolet 
rays present at high altitude (HA). The tankyrase acts as a positive regulator of 
telomere length during DNA damage, therefore, it could be an important marker at 
HA. The present study investigated the probable roles of polymorphism of tankyrase 
gene and its biochemical level in three well-defined groups, namely HA pulmonary 
edemapatients (HAPE-p), HAPE-free sojourners (HAPE-f) and healthy highlanders 
(HLs)comprising 200 samples, each. Genotyping was performed using PCR-RFLP and 
the protein level was estimated using ELISA and correlations between 
genotype/allele with protein levels were analysed. Three tankyrase SNPs, 
rs7015700, rs12541709 and rs11991621 were genotyped. The heterozygote 
rs7015700GA was prevalent in HLs than HAPE-f, hence it may contribute towards 
adaptation. The rs11991621GA also exhibited increased prevalence in HLs over 
HAPE-f. For both SNPs, heterozygotes were found to be strongly prevalent in HLs 
over HAPE-f and HAPE-p. HLs have the highest telomere length followed by HAPE-f 
and HAPE-p (p<0.05, HLs v/s HAPE-r; HAPE-p v/s HAPE-r) suggesting adaptive feature 
of greater telomere length in HLs. HAPE-p and HLs had significantly decreased 
concentration of tankyrase as compared to HAPE-f (p<0.05) indicating its role in 
maintenance of telomeres in healthy sojourners. The in-silico findings also revealed 
that the top binding transcription factors (TFs) of tankyrase, ZNF384 and FOXC1, 
have shown to play roles in different forms of cancer where tankyrase is 
overexpressed. These TFs might upregulate tankyrase and play protective roles at 
HA. Our findings suggest that tankyrase levels are high in HAPE-f which is attributed 
to their role in maintenance of telomere length, in-silico analysis also suggests its 
significance at HA, hence this gene becomes vital to study adaptation/maladaptation 
at HA.  
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         Exposure to hypobaric hypoxia environment of high-altitude leads to 
physiological changes that may result into syndromes like acute mountain sickness 
(AMS), high-altitude pulmonary edema (HAPE) and high-altitude cerebral edema 
(HACE). Biomarker discovery in these subjects by comparative studies has 
significantly provided information on population that can acclimatise at high-
altitudes. Mechanistic insight into the cellular and molecular mechanisms regulating 
the expression of these biomarkers/genes may help in preventive health measures. 
Genotyping and biomarker studies have shown association of genes like endothelial 
nitric oxide synthase (eNOS), prolyl hydroxylase 2 (PHD2), endothelin 1 (ET1), 
hypoxia inducible factor 1 and 2 (HIF1 and HIF2). The single nucleotide 
polymorphisms (SNPs) in these genes were found to span the entire gene i.e. intronic 
as well as exonic regions. We used in silico tools like SNP function prediction, SIFT 
and Polyphen for the exonic missense SNPs in eNOS, PHD2 and ET1, to predict the 
functional activities of the encoded proteins. We investigate the regulatory role of 
these missense SNPs in cells. Subsequent, observed cellular effect of the SNPs on the 
existing crosstalk between genes will further provide us a platform to understand the 
molecular signalling in both health and maladaptation such as HAPE. 
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High altitude pulmonary edema (HAPE) is a severe form of altitude illness that 

develops on rapid ascent to altitudes of >2500 M. The disease is characterized by 
pulmonary hypertension, uneven vasoconstriction and over-perfusion leading to 
alveolar edema. Angiotensinogen (Agt) and (long form) CYBA are responsible for the 
vasoconstriction and oxidative stress under hypoxia. Several mutations inAgt and 
CYBA have been considered to be underlying genetic factors in HAPE. Here we 
investigated the effects of missense mutation of these gene i.e., rs4762 of Agtand 
rs4673 of CYBA. 
           In-Silico analysis was carried out to study the effects of these two missense 
mutations using software SNP-info, SIFT, POLYPHEN, iMUTANT, GROMACs and 
PyMol. The protein stability prediction tools indicated the deleterious effect of these 
two mutations on the protein stability. The root-mean-square deviationvalue of 
atoms, background residues and 3D structures of both the mutations showed 
deviation from the wild type. Structural modeling using the CPH tool and subsequent 
visualization by PyMol software demonstrated the position and effects of these 
mutations on different domains of protein. The analysis predicted the potential 
deleterious effects of rs4762 and rs4673 mutations on the structural and subsequent 
stability of the proteins. Evaluation of these two missense mutations in HAPE 
patients and healthy controls under hypobaric hypoxic is strongly favoured. 
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         India is the highest tuberculosis (TB) burden country in the world in terms of 
absolute number of incident cases that occur each year. Drug resistance surveillance 
data show that 3.9% of new and 21% of previously treated TB cases were estimated 
to have had rifampicin or multi drug resistant tuberculosis (MDR/RR TB) in 2015. In 
Sikkim the MDR-TB cases are found amongst 11% of the new tuberculosis cases and 
30% of the retreatment cases. Our objective was to access the socio-demographic 
profile and preventive measures adopted by MDR-TB patients registered under 
RNTCP in East district of Sikkim. 
         A community based descriptive cross-sectional study was conducted, among 33 
MDR-TB cases registered under RNTCP in east district of Sikkim for a period of 3 
months.  Information was collected using predesigned pretested questionnaire. 
Out of the 33 Patients majority (30.3%) belonged to age group 10-19 years, of which 
63.6% were males and 36.4% were females. Majority (51.5%) of the patients 
belonged to Hindu religion. There were 72.7% patients belonging to the nuclear 
family and rest 27.3% to the joint family. More number of patients (42%) belonged to 
lower middle class. For the prevention of spread 75.8% wore mask, 42.4% slept in 
separate rooms and 39.4% avoided crowded places. Only 18.2% practiced sanitary 
method of sputum disposal. It was concluded that the Sikkim has become the next 
big concern on India’s tuberculosis map. Increasing awareness regarding sputum 
disposal practices and measures to prevent the spread are necessary for effective 
control of tuberculosis. 
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It is well established that high altitude (HA) hypoxia leads to memory 

impairment. Several studies have documented the beneficial use of mild 
hypothermia for the treatment of memory impairment like in case of patients with 
cerebral infarction. It is not well established whether hypothermic pre-treatment has 
similar effect on hypobaric hypoxia (HH) induced memory loss. Therefore, the aim of 
this study was to evaluate the therapeutic potential of hypothermic pre-conditioning 
on HH induced behavior and memory impairment in adult rats.Male SD rats were 
screened, trained, grouped (n=6) and exposed to HH (simulated altitude of 25,000ft 
in an animal decompression chamber) for 3 and 7 days with or without hypothermic 
pre-conditioning at 4 0C for 6 h. Spatial memory was evaluated using Morris water 
maze (MWM) and the anxiety level was assessed by open field test (OFT). Nissl 
staining was performed to study the histological changes, if any,in the hippocampal 
area of brain. 

The latency and path length to reach the platform in MWM was found to be 
significantly increased with increase in HH exposure, compared to control and cold-
preconditioned HH exposed rats. The OFT showed that control and cold pre-treated 
animals explored whole field while HH group animals confined themselves to the 
peripheral regions only. Histological study of CA1 and CA3 neurons of hippocampus 
of HH exposed rats depicted pyknotic neurons along with cell shrinkage and 
vacuolization. Whereas, the animals in control and pre-treated with cold showed no 
abnormalities in hippocampal area. The results, therefore, indicated that the 
hypothermic pre-conditioning remarkably reduced the HH induced behavioral and 
cellular anomalies in brain of adult rats in both hypoxic durations.  
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Effect of prolonged stay of lowlanders at high altitude (HA) on blood pressure 
(BP) is still being elucidated. The present prospective observational study was 
planned to determine BP trends in lowlanders during stay at HA and carried out at 
350m above sea level (SL)and at HA of3100 m to 3500m. The study population 
included healthy Indian males with no previous HA exposure staying at 
3500m/3100m for one year. Total 136 subjects having age of 30.01±6.04 years, 
height 172.48±18.26 cm and weight 67.3±6.76 kg were recruited. After written 
informed consent the ambulatory BP (ABP) recording for 24 hwas carried out at SL 
and HA. The awake systolic BP (AsBP), awake diastolic (AdBP), resting systolic (RsBP) 
and resting diastolic (RdBP) at different time points i.e. onday 07 (D7), 01 month 
(D30), 06 months (D180) and 01 year (D365) were recorded.  

The AsBP values at HA were significantly higher on D7 (127.13± 11.74) and 
D180 (124.98±11.31) (p=0.021) as compared to SL (124.50±11.75) on D7. The AdBP 
values at HA on D7 (83.80±8.6), D30 (85.34±9.56), D180 (83.94±7.9) and D365 
(84.82±10.72)were significantly higher (p<0.000) than SL values (76.94±7.87). The 
RsBPon D7 (117.48±10.41) and D30 (115.95±11.34) were significantly higher than SL 
values (111.91±13.20), with p<0.000 and p=0.004 respectively. The RdBP values at 
HA on D7 (74.32±9.4, p<0.000), D30 (72.86±7.91, p<0.000), D180 (71.18±8.29, 
p=0.05) and D365 (70.83±10.57, p=0.023) were significantly higher than SL values 
(68.38±8.83). At D7 15.08% and 11.11% participants showed Stage-I hypertension 
ABP values. Four participants showed Stage-II hypertension on D30, and on D180 
three had the symptoms of Stage-II hypertension. At no point did HA values 
approach or fall below SL values.  
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Exposure to hypoxia has been reported to be associated with the increased 

pulmonary surfactant’s oxidation leading to changes in the structural integrity and 
lungs collapse at high altitude. Therefore, in this present study we have considered 
two major approaches to minimize the pulmonary surfactants oxidation during 
hypoxia exposure (1) by prophylactic administration of phyto-flavanoid, Quercetin, 
(2) comparative analysis of efficacies of quercetin and salbutamol in alleviating the 
effect of hypobaric hypoxia on pulmonary surfactants.     

The male Sprague Dawley rats were exposed to a simulated altitude of 25,000 
ft for 6h at 250C. The drugs quercetin (50 mg/kg BW) and salbutamol (2mg/kg BW) 
were supplemented orally 1 h prior to acute hypoxia exposure. Biochemical analysis 
(ROS, MDA, GSH, GPx and GST) in BALF samples, Lactate Dehydrogenase (LDH) 
estimation, differential expression of Nrf-2, Hif-1α and their regulatory proteins (HO-
1 and VEGF respectively), along with SP-A, SP-B, SP-C and SP-D proteins in lung of 
rats were determined by Western blotting. The results showed that, quercetin and 
salbutamol pre-treatment under hypoxia significantly attenuated the ROS, MDA and 
LDH (p<0.001) levels followed by augmented levels of GSH, GPx and GST (p<0.05) 
levels in BALF of rats compared to control animals. Quercetin and salbutamol 
supplementation under hypoxia showed a significant reduction in SP-A, SP-C and SP-
D (p<0.001) and increased SP-B expressions in lungs of rats compared to control. 
Further, these drugs stabilized the Nrf-2 and Hif-1α levels under hypoxia. 
Histopathological examination has provided substantial evidence in reducing the lung 
injury indicating the protective role of quercetin at high altitude over salbutamol.  
The present study suggests that, quercetin was found to be more effective 
therapeutic moiety in attenuating lung injury and maintaining the surface tension in 
lungs by preventing surfactants oxidation under hypoxia as compared to that of 
salbutamol. 
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High altitude habitation with basic logistics to maintain body homeostasis 
poses a great challenge to armed forces, mountaineers, trekkers and short duration 
visitors, besides the strategic importance of local inhabitants in such far flung areas. 
In addition to the environmental stress due to hypoxia, extreme cold coupled with 
low humidity, high wind velocity and high radiation, the logistics like non-availability 
of fresh food and potable water, problems of bio-digestion of human excreta, 
monotonous life also pose severe challenges to habitation in high altitude. 
Therefore, improving high altitude habitation occupies significance in present days 
situation. These challenges lead to heavy migration of civil population especially 
during the extreme winter posing a major security challenge.  Armed forces 
personnel, due to strategic requirement, are stationed at high altitude throughout 
and fight more with the environmental vagaries.   

The Life Sciences Cluster of DRDO has been working on various aspects to 
improve the high-altitude habitation and has come out with diverse protocols, 
technologies, ensembles and devices. The acclimatization schedule, ration scales and 
clothing developed for high altitude are already in practice.  Initiatives taken on 
oxygen enriched solar heated shelters for rapid induction and intermittent hypoxia 
exposures for rapid acclimatization have yielded promising results. Products like 
improved bukhari, solar snow melter, solar hot air blower thus developed provide 
potential logistic support to both civil as well as military populace. Micro-farming and 
trench cultivation provide a unique scope for augmenting the fresh food availability 
during winter cut off period. Light weight ready to eat meal and bio-digester for 
disposal of human excreta are some other initiatives taken towards improving high 
altitude habitability, which will help check migration of local populace from these 
inhospitable terrains.  
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The Central Asian Kyrgyz highland population provides a unique opportunity 

to understand the genetic mechanisms underlying high altitude hypoxia-induced 
pulmonary hypertension (HAPH). While a significant fraction of the population is 
unaffected, there are susceptible individuals who display HAPH in the absence of any 
lung, cardiac or hematologic disease. We report herein the analysis of the whole 
genome sequencing of healthy individuals compared with HAPH patients and other 
controls (total n=33). Genome scans reveals selection signals in various regions, 
encompassing multiple genes from whole genome sequences focusing on HAPH. We 
show evidence for three candidate genes MTMR4, TMOD3 and VCAM1 that are 
functionally associated with well-known molecular and pathophysiological processes 
and which likely lead to HAPH in this population. These processes are (a) 
dysfunctional BMP-signaling, (b) disrupted tissue repair processes and (c) abnormal 
endothelial cell function. We believe that this whole genome sequence of well 
characterized patients and controls, using multiple statistical tools, uncovered novel 
candidate genes that belong to pathways central to the pathogenesis of HAPH. This is 
the first whole genome sequence study focusing on pulmonary hypertension. These 
studies on high altitude human populations are pertinent to the understanding of sea 
level diseases involving hypoxia as a main element of their pathophysiology. 
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Sleep is a biological need, critical for sustaining the mental abilities. 
Neuropsychological functions, such as attention, memory and decision making are 
severely affected due to sleep loss at high altitude (HA). This study investigates the 
role of phosphorylated delta sleep inducing peptide (p-DSIP) in improving sleep 
architecture during chronic hypobaric hypoxia (HH) exposure and restoration of 
spatial navigational memory.  

Morris water maze (MWM) trained Sprague Dawley rats were exposed to HH 
at 7620 m. The p-DSIP was injected intraperitoneally during HH exposure as an 
intervention against sleep alteration. Sleep architecture was recorded telemetrically 
before and during HH exposure. Animals were euthanized, brain stem (BS) regions 
were collected for estimation of monoamines by high performance liquid 
chromatography (HPLC). The cAMP response element-binding protein (CREB) and 
phosphorylated-CREB (p-CREB) expression in hippocampus and monoamine 
regulatory enzymes in BS were studied by flow cytometry. Naloxone, a µ opioid 
receptor antagonist of sleep inducing effect of DSIP was also studied.  
Results indicated that p-DSIP injection daily in circadian active period during chronic 
HH exposure enhanced non-rapid eye movement sleep, rapid eye movement sleep 
as well as improved MWM performance of rats. The p-DSIP treatment resulted in 
lower monoamine level and TH expression but increased MAO A, GAD and chAT 
expression. Further, naloxone altered navigational memory by decrease of CREB and 
p-CREB level in hippocampus suggesting suppression of sleep inducing effect of p-
DSIP.Our study demonstrates that improvement of sleep quality by p-DSIP restores 
spatial memory by upregulating CREB phosphorylation during simulated high-altitude 
hypoxia. 
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Living at and travelling to high altitude is a physiological challenge. While 
lowlanders have to acclimatize to reduced oxygen supply (and cold) by increasing red 
blood cell production, highlanders living in different regions of the world have 
developed various adaptive mechanisms to cope with these harsh conditions. 
Indeed, in contrast to South American Highlanders (Quechua and Aymaras), Tibetans 
only moderately elevate their hematocrit and hemoglobin (Hb) at high altitude. We 
recently asked the question if an elevation lower than 1500 m above sea level shows 
an impact on Hb levels in men. To answer this question, we analyzed blood from 
70,000 Swiss men aged 18-22 years and observed a significant increase of Hb values 
for every 300 meters of augmented altitude. Our data provides convincing evidence 
that even altitudes below 1500 m must be considered when defining normal 
hemoglobin and hematocrit values. 
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High-altitude (HA) hypoxia predisposes otherwise healthy individuals to 
venous thrombosis, but the underlying mechanism has been unclear. Venous 
thromboembolism (VTE), a multi-factorial disease, is the third most common 
cardiovascular disease. Our group, to a large extent, has been successful in 
comprehending the pathways involved in this molecular mechanism of VTE. The 
most remarkable was the discovery of calpain small subunit 1, a 28-kDa regulatory 
component for calpain function, which was observed to be significantly upregulated 
under hypoxic conditions. The activity of calpain is required for the hypoxia-induced 
platelet hyperreactivity. Studies in our in vivo model of hypoxia-induced thrombosis 
decoded the prothrombotic role for calpain, which was further supported by the 
elevated plasma calpain activities in patients who developed thrombosis while at 
extreme altitude. Additionally, we observed a causal role for nucleotide binding 
domain, leucine-rich-containing family, pyrin domain containing 3 (NLRP3) 
inflammasome and IL-1β in hypoxia-induced venous thrombosis. Its detailed 
investigations in ourin-vivo model demonstrated the crucial role of hypoxia-HIF-1α-
NLRP3-IL-1β axis in venous thrombosis and its alleviation by the 
interventions/silencing specific to this axis. We have also determined the differential 
expression of hypoxia-responsive genes such as angiogenin, ribonuclease, RNase A 
family, 5; early growth response 1; lamin A; matrix metallopeptidase 14 [membrane-
inserted]; neurofibromin 1; PDZ and LIM domain 1 and many more that could be 
determining factors in understanding the pathophysiology of VTE at HA. Thus, our 
comprehensive investigations involving human, in vitro and in-vivo models revealed 
biological insights into the possible mechanisms of thrombosis at HA. 
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The high altitude has been considered to be the cause of pulmonary 
hypertension (PH) (Simonneau, JACC 2013; 62:D34-41). The PH is internationally 
defined as a mean pulmonary artery pressure (mPAP) ≥ 25 mmHg (Hoeper, JACC 
2013; 62:D42-50). However, high altitude experts prefer to define PH by a mPAP ≥ 30 
mmHg (systolic PAP, sPAP ≥ 50 mmHg). This is stated in a consensus document also, 
which recommends to correct pulmonary hemodynamic measurements for 
excessively high hematocrits (Leon-Velarde, High Alt Med Biol, 2005; 6:147-57). An 
updated version of this definition could incorporate information from a recently 
published pulmonary vascular resistance versus hematocrit diagrams (Vanderpool 
and Naeije, Am J Respir Crit Care Med, 2018). 
 

A recent meta-analysis of published echocardiographic estimates of total 834 
healthy highlanders, showed that the mean resting sPAP in them was 25 mmHg 
(Soria., J Appl Physiol 2016; 121:1151-59). Using the current definition of PH with 
sPAP>50 mmHg (high-altitude consensus) as threshold, the findings of the meta-
analysis indicated that the PH is very rare in healthy individuals living at high altitude.  
 

The right heart failure due to PH is currently considered to be the entities of 
chronic and subacute mountain sicknesses. Chronic mountain sickness is an 
uncommon cause of viscosity-corrected PH (Vanderpool and Naeije, High Alt Med 
Biol 2013; 14:117-25). The subacute mountain sickness corresponds to right heart 
failure. It is not a late form of acute mountain sickness, which is a neurological 
syndrome of acute altitude exposure intolerance. The right heart failure can 
conveniently be diagnosed by portable echocardiography (Naeije and Dedobbeleer, 
Exp Physiol2013; 98:1247-56). However, there is need of reevaluation of terminology 
and to develop noninvasive methods of diagnosis for the assessment of PH. Also, it is 
important to consider PH associated right heart failure as a major high altitude public 
health problem. 
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High-altitude (HA), characterized by the hypobaric hypoxic environment, is the 
primary cause of stress concerning mountain diseases. The susceptible sojourner’s 
genetic and physiological incompatibility to hypobaric hypoxia stimulates oxidative 
stress triggering endothelial damage and vascular wall remodelling leading to high 
altitude pulmonary edema (HAPE). Hence, genetic analysis of sojourners would offer 
a unique platform to understand the pattern of variations for HAPE. We conducted a 
genome-wide study, followed by replication, to identify differentiated variants, i.e., 
single nucleotide polymorphisms (SNPs) and copy number variations (CNVs) for 
disease in HAPE–free subjects and the HAPE–patients. Extensive statistical analyses 
identified significant variants, which were further validated for functionality by 
appropriate downstream experiments. As compared to HAPE-free, the HAPE-patients 
had significantly higher mean arterial pressure and lower arterial oxygen saturation 
depicting their inability to acclimatize and hence inclination towards the disorder. 
Genetic analysis of HAPE revealed SNPs in CHI3L1 and DLC1 as most significant 
signals (P≤0.0001). At mRNA and protein level, CHI3L1, a promoter of vasodilation, 
was down-regulated by 1.83 and 1.58 folds (P≤0.0001), respectively, and DLC1, a 
GTPase-activating protein involved in cytoskeletal changes, was up-regulated by 2.30 
and 1.44 folds (P≤0.001), respectively, suggesting the importance of pulmonary 
vasoconstriction and alveolar leakage in HAPE pathogenesis. Similarly, in HAPE, the 
most significant signals for CNVs emerged in region spanning IKZF3 and MEX3D 
(P≤0.0001), the genes that directly or via BCL-2, are known to upregulate HIF1α 
expression, the master transcriptional regulator of the adaptive response to hypoxia. 
To conclude, the present study identifies genes related to cellular and hypoxia 
signalling thereby regulating cellular response at HA. 
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 Increased pulmonary ventilation helps lowlanders and natives to maintain 
arterial oxygenation at high altitudes. Natives of Ladakh have been shown to have 
similar ventilatory parameters as Tibetans at an altitude of 3300 m. But there is 
limited literature comparing these parameters in Ladakhi native highlanders (NHL) 
with acclimatized lowland (ALL) sojourners. In this study, end-tidal carbon dioxide 
pressure (EtCO₂), blood oxygen saturation (SpO₂) and haemoglobin concentration 
(Hb) were measured in 276 participants comprising 126 NHL (females N=40, males 
N=86) and 150 ALL (females N=60, males N=90). We found thatEtCO2 was greater in 
the NHL as compared to that in ALL, (33.8±3.3 vs 31±2.5mmHg), however, the SpO2 
in NHL was lower (90.9±2.4) than in ALL (91.7±2.3%). When grouped by sex, NHL 
males had significantly greater EtCO₂ than NHL females, ALL males and ALL females. 
The Hb and calculated arterial oxygen content was similar in Ladakhis and 
acclimatized lowlanders, although it was greater in males as compared to females.  
Systemic blood pressure, heart rate and the proportion of hypertensives was 
significantly greater in the ALL. Thus,native Ladakhis, have a significantly greater 
resting EtCO2 (especially in males) and lower SpO2 than acclimatized lowlanders. 
Blood Hb concentration and oxygen content was, however, similar in natives and 
acclimatized lowlanders of the same sex.  
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Unusual physical exertion at high altitude (HA) may precipitate altitude 
associated acute illness even in the well acclimatized subjects. The Khardung-La 
challenge is a 72 Km ultra-marathon race that is run from 13,500 ft (4100m), 32 Km 
uphill to 17,600 ft (5370 m) and finishes at 11,500 ft (3500 m), in Ladakh. Seventeen 
acclimatized lowland runners (ALLR) and 06 native highland runners (NHLR) were 
studied before and after the ultra-marathon in 2017. Nineteen acclimatized lowland 
non-runners (ALLS) matched for stay at HA and 15 NHL non-runners (NHLS) served as 
controls. Detailed history was obtained, clinical examination, fundoscopy, chest 
ultrasound, dynamic spirometry and blood hemoglobin were measured. Athletes 
were studied 96-72 hours before (Pre) and between 4-6 hours after completing the 
race (Post). Controls were studied at corresponding time points. No athlete or 
control had clinical acute high altitude illness Pre or Post. Body weight (70.06±8.36 vs 
71.29±8.9 Kg, p=0.0016), SpO2 (88.41±2.92 vs 90.77±2.22%, p=0.0113) and FVC 
(3.98±0.99 vs 4.35±0.98 Litres, p=0.0012) were lower, heart rate significantly higher 
(88.65±10.71 vs 75.42±9.22 bpm) and comet score insignificantly higher ‘Post’, 
compared to ‘Pre’, in the ALLR, whereas ALLS had significantly reduced heart rate 
(81.53±10.04 vs 88.21±14.95 bpm) and increased SpO2 (90.89±2.13 vs 89.00±2.08%). 
NHLR had a significantly higher heart rate (84.00±9.84 vs 67.83± 6.49 bpm) but other 
parameters were unchanged. The reduced arterial oxygen saturation, four to six 
hours after completing the ultra-marathon, coupled with increased comet score and 
reduced FVC, suggests the possibility of development of pulmonary interstitial 
edema in acclimatized lowlander runners post-run. 
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