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Cold environments and health: proteomic analysis of

health impacts
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Abstract

Background: Cold temperatures cause blood vessels to constrict, shallow
breathing, and slight thickening of the blood. Working in extremely cold
environments can have negative effects on health, yet there are currently
no effective biomarkers to monitor these health conditions. Proteins are
important intermediate phenotypes that can provide a theoretical basis for
understanding disease pathophysiology. Proteins in the circulatory system
reflect the physiological status of individuals, and plasma proteins have
significant potential as biomarkers for various health conditions. Methods:
In this study, we employed the Mendelian randomization (MR) method
to analyze the effects of freezing temperatures on over 2900 plasma
proteins. Subsequently, the selected plasma proteins were subjected to
causal analysis in relation to 55 diseases, including respiratory disorders,
cardiovascular diseases, various cancers, and oral diseases. The aim
was to identify proteins that could serve as biomarkers for health status.
Results: Our results indicate that cold environments may affect the
concentrations of 78 plasma proteins. Further MR analysis revealed that
nine of these plasma proteins are associated with the risk of respiratory
disorders, cardiovascular diseases, various cancers, and oral diseases.
Conclusion: These proteins show promise as biomarkers for monitoring
the hazards and risks faced by individuals working in cold environments.
These findings provide valuable insights into the biological mechanisms
underlying occupational hazards.
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1 Introduction

Over the past century, scientists have observed substantial
increases in greenhouse gas concentrations, and numerous
indicators confirm that our climate is changing worldwide!". These
changes in the climatic system have resulted in more extreme
weather events. A major challenge facing human society is the
threat of climate change, which is closely linked to food security, the
protection of water resources, and public health?. Climate change
is highly likely to have both direct and indirect effects on human
health. These effects range from deaths due to extremely low
temperatures to shifts in disease patterns. As a result, public health
systems may experience greater strain®.

Climate change, by causing abnormal ambient temperatures, is
increasing the risk of a wide range of diseases, according to epide-
miological evidence. In addition to cardiovascular and respiratory
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diseases, cancer is among the most common diseases. Numerous
studies have demonstrated that climatic conditions affect the clinical
manifestations of cardiopulmonary disorders. For example, acute
coronary syndromes, myocardial infarctions, and their morbidity and
mortality rates vary seasonally, with acute events peaking in winter
and declining in summer™*®. Despite these findings, no biomarkers
have yet been identified that can accurately assess human health
before the development of diseases with obvious symptoms.

In understanding disease pathophysiology, proteins provide both
theoretical foundations and potential solutions. The proteins in the
circulatory system can offer insight into an individual's physiology.
Protein levels in plasma reflect genetic differences, and inflam-
matory status, and metabolic conditions. Dysregulation of plasma
proteins has been frequently observed in a variety of diseases,
suggesting that these dysregulated proteins play a role in disease
pathogenesis. The U.S. Food and Drug Administration has cleared
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or approved hundreds of plasma proteins as biomarkers in clinical
trials, with many more currently being developed®®. Rapid develop-
ments in proteomic analyses of human blood have made it possible
to identify plasma biomarkers that can monitor a person's health in
extreme environments.

Recently, Mendelian Randomization (MR) has emerged as a new
epidemiological tool. The primary objective of MR is to estimate the
causal effect of an exposure on an outcome using Single Nucle-
otide Polymorphisms (SNPs) from Genome-Wide Association
Studies (GWAS). Because genetic variants are randomly allocated
during conception, they are largely independent of confounders, thus
reducing the risk of confounders®. Two-sample MR was used in
the present study to screen and evaluate the relationship between
working in extremely cold environments and plasma concentrations
of 2992 proteins in European populations"”. A GWAS dataset of 55
disease-related plasma proteins was analyzed as part of this study
to determine if workplace environments affect plasma proteins
associated with disease risk. It is necessary to estimate whether
variations in these plasma protein levels affect disease risks.

2 Methods

An analysis of genetic associations with workplace environ-
ments was conducted by the UK Biobank (UKB) cohort, which
collected genetic and health information on over half a million
individual participants. We retrieved GWAS data from subjects
working in extremely cold environments (self-reported: often, N =
7 881; Neonvo = 82,307) from the second round of GWAS results
released by the UK Biobank in August 2018 (http://www.nealelab.
is/uk-biobank). MRBASE (http://app.mrbase.org/) was used to
summarize the data for this study"'?. Detailed GWAS IDs and
descriptions of these data are available in Supplementary Data 1.

2.1 Genetic associations with plasma protein concen-
trations: data sources

The INTERVAL study, which included 3301 Europeans,
provided genetic instruments to assess plasma protein levels!"”.
National Research Ethics Service approval was granted for the
INTERVAL study, which required participants to complete trial
consent. As a result, this study used the GWAS summaries of
2992 non-redundant plasma proteins collected by MRBASE
(Supplementary Data 1).

2.2 Data sources of genetic associations with diseases

Numerous studies have recognized the impact of climatic condi-
tions on the clinical presentations of certain diseases. Acute
events consistently peak in winter and experience troughs in
summer*®. These studies have indicated seasonal variation in the
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incidence of cardiovascular diseases, respiratory disorders, oral
diseases, and cancers. The disease summary GWAS data in this
study were derived from the EU Open GWAS and the FinnGen
consortium to examine the role of plasma proteins identified in the
preliminary analysis. A comprehensive description of these GWAS
datasets is provided in Supplementary Data 1.

2.3 Selection of genetic instruments and statistical
analysis

MR uses genetic variations as Instrumental Variables (IVs)
to determine whether a particular exposure causally affects a
particular outcome. A valid IV must meet three core criteria: First,
it should be strongly correlated with the exposure; second, the
SNP must not be associated with any traits that could confound
the relationship between the exposure and the outcome; lastly,
the variant must not be linked to the outcome through alternative
pathways other than the exposure. A SNP is considered to exhibit
horizontal pleiotropy when it violates the last two assumptions!'*".,
The procedural flow of this analysis is depicted in Fig. 1.

With default parameters, aside from an alternative significance
threshold, two-sample multiple regression was used to identify
SNPs that strongly and independently predicted genome-wide
significant exposures (P < 5 x 10°®). The inverse variance weighted
(IVW) approach was employed to estimate the preliminary relation-
ships between exposures and outcomes. MR-Egger and weighted
median methods were used for sensitivity analyses of significant
IVW results. For the second round of MR analysis, we applied the
IVW method to evaluate the relationships between plasma protein
concentrations and diseases related to the working environment,
with plasma protein concentration as the exposure and disease as
the outcome!™. Fig. 2 shows the workflow of this analysis.

The TwoSampleMR package was used to conduct all statistical
analyses in R version 4.0.3. Ethical approval was not required for
the use of the summary data, as all data are publicly available.

3 Results

3.1 Investigation of plasma proteins affected by cold
environments

Seventy-eight plasma proteins were significantly associated
with cold environments based on a preliminary analysis of 2992
plasma protein levels using the IVW method (P < 0.05) (Supple-
mentary Data 2). To enhance the sensitivity of the MR analysis,
the statistical significance threshold was set to P < 0.01 (highly
significant). Ten plasma proteins passed this higher signifi-
cance threshold (P < 0.01). The top 10 proteins identified were
Allergin-1, Protein TMEPAI, Mucin-1, Protein FAM19A5, DnaJ
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Fig. 2 Flowchart of the study design

Homolog Subfamily C Member 27, Membrane Protein FAM174A, Protein FAM19A5 (TAFA5), Dnad Homolog Subfamily C Member
Beta-Defensin 119, Advanced Glycosylation End Product-Specific 27 (DNAJC27), Membrane Protein FAM174A (FAM174A),
Receptor, Kallistatin, and Interferon Alpha/Beta Receptor 1. Advanced Glycosylation End Product-Specific Receptor (AGER),

Kallistatin (SERPINA4), and Interferon Alpha/Beta Receptor
Extreme cold environments were found to increase the levels of 1 (IFNAR1), while decreasing the levels of Beta-Defensin 119
Allergin-1 (MILR1), Protein TMEPAI (PMEPA1), Mucin-1 (MUC1),  (DEFB119). It can be found in Fig. 3.
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These plasma proteins may serve as potential biomarkers for
monitoring workers' health during extreme cold weather exposure.

3.2 A biomarker for health monitoring based on plasma
proteins

An MR analysis was conducted to assess the association between
the concentrations of 10 plasma proteins and 55 diseases, evalu-
ating their potential link to disease risk. In contrast, although
MUC1 was influenced by cold environments, it was not found to
be associated with any of the diseases tested (Fig. 4).

DEFB119, which is reduced in cold environments, may provide
protection against hypertension, unstable angina pectoris,
ischemic heart disease, and malignant neoplasms of the colon
and ovary.

In contrast, FAM174A, TAFA5, IFNAR1, MILR1, MUC1, PMEPA1,
SERPINA4, AGER, and DNAJC27, which are elevated in cold
environments, have been identified risk factors for the following
diseases: Acute bronchitis (FAM174ATAFA5, PMEPA1),
Adult respiratory distress syndrome (TAFA5, DNAJC27),
COPD (MILR1,SERPINA4), Viral pneumonia (FAM174A),
pneumoniae (TAFAS5, PMEPA1), Pneumothorax (SERPINA4),
Heart failure (IFNAR1, PMEPA1), ischemic heart disease
(MILR1), Non-ischemic cardiomyopathy (PMEPA1), Paroxysmal
tachycardia (MILR1, DNAJC27), Right bundle-branch block
(SERPINA4), Malignant melanoma (FAM174A, AGER), Malignant
neoplasm of intrahepatic ducts, biliary tract and gallbladder
(MILR1, DNAJC27), Malignant neoplasm of prostate (SERPINA4),

Malignant neoplasm of rectum (SERPINA4), Head and neck
cancer (ieu-b-4912) (AGER), Oral and oropharyngeal cancer
(ieu-b-4962) (MILR1, AGER), Oropharyngeal cancer (ieu-b-4968)
(MILR1), Bruxism (TAFAS), Oral leukoplakia (MILR1, SERPINA4,
AGER), Mouth ulcers (TAFA5, PMEPA1), Erythema multiforme
(DNAJC27) and Sicca syndrome (FAM174A, PMEPA1).

Nine plasma proteins have been identified as potential markers
of cold environments and associated diseases. These candidate
biomarkers may prove valuable for monitoring the health of
individuals living in cold environments.

4 Discussion

As a result of climate change, extreme temperatures have
become more prevalent, and mortality rates have increased.
The Global Burden of Disease Study has revealed that nonop-
timal temperatures are now among the top 10 risk factors for
mortality worldwide. To mobilize healthcare resources and
inform public health recommendations, extreme temperature
analysis can be used to identify vulnerable subgroups and
disease outcomes!"®"®. Several plasma proteins were found to
be affected by cold environments in this study, indicating that
cold environments affect specific plasma proteins.

The thermoregulatory mechanisms in humans have evolved
over millions of years, making them resilient and dependable.
While it is well-documented that cold temperatures can elevate
the incidence and fatality rates of cardiovascular diseases, the
overall impact of cold exposure remains ambiguous!'®?%,

plasma proteins affected by cold environments
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Fig. 3 Plasma proteins affected by cold environments
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Exposure Outcome OR(95%Cl) Pval
AGER Head and neck cancer : 0.999 (0.999 - 1.000) <0.001
AGER Malignant melanoma HH 1.090 (1.010 - 1.180) 0.037
AGER Oral and oropharyngeal cancer . 0.999 (0.999 - 1.000) 0.001
AGER Oral leukoplakia . 1.400 (1.120 - 1.760) 0.003
DEFB119 Hypertension [ 1.030 (1.000 - 1.060) 0.044
DEFB119 Ischaemic heart disease m 1.040 (1.000 - 1.070) 0.041
DEFB119 Malignant neoplasm of colon E*—I—i 1.150 (1.020 - 1.280) 0.021
DEFB119 Malignant neoplasm of ovary I—— 1.300 (1.040 - 1.620) 0.021
DEFB119 Unstable angina pectoris ! 1.100 (1.030 - 1.180) 0.006
DNAJC27 Adult respiratory distress syndrome b = 1.680 (1.010 -2.790) 0.048
DNAJC27 Erythema multiforme —a— 1.470 (1.010 - 2.130) 0.043
DNAJC27 Malignant neoplasm of intrahepatic ducts —— 1.380 (1.030 - 1.830) 0.028
DNAJC27 Paroxysmal tachycardia ; 0.900 (0.810 - 0.990) 0.033
FAM174A Acute bronchitis E 0.960 (0.930 - 1.000) 0.029
FAM174A Malignant melanoma ! 0.880 (0.820 - 0.950) 0.001
FAM174A Sicca syndrome ! 0.900 (0.830 - 0.990) 0.025
FAM174A Viral pneumonia - 1.080 (1.000 - 1.170) 0.038
IFNAR1 Heart failure ] 0.950 (0.910 - 0.990) 0.019
MILR1 COPD i 0.920 (0.870 - 0.970) 0.002
MILR1 Ischaemic heart disease | 0.960 (0.930 - 0.990) 0.023
MILR1 Malignant neoplasm of intrahepatic ducts E'—l—' 1.310 (1.060 - 1.600) 0.011
MILR1 Oral and oropharyngeal cancer : 1.000 (1.000 - 1.000) 0.022
MILR1 Oral leukoplakia , 0.730 (0.540 - 1.000) 0.048
MILR1 Oropharyngeal cancer : 1.001 (1.000 - 1.001) <0.001
MILR1 Paroxysmal tachycardia g 0.900 (0.840 - 0.970) 0.006
PMEPA1 Acute bronchitis o 1.040 (1.000 - 1.080) 0.027
PMEPA1 All pneumoniae :l 1.020 (1.000 - 1.050) 0.024
PMEPA1 Heart failure ! 1.040 (1.010 - 1.080) 0.005
PMEPA1 Mouth ulcers . 1.000 (1.000 - 1.000) 0.047
PMEPA1 Non-ischemic cardiomyopathy h 1.070 (1.020 - 1.120) 0.007
PMEPA1 Sicca syndrome - 1.110 (1.010 - 1.210) 0.03
SERPINA4  COPD ] 1.050 (1.000 - 1.090) 0.032
SERPINA4  Malignant neoplasm of prostate (] 1.040 (1.000 - 1.090) 0.04
SERPINA4  Malignant neoplasm of rectum Erl-‘ 1.090 (1.000 - 1.190) 0.045
SERPINA4  Oral leukoplakia : 0.790 (0.650 - 0.960) 0.016
SERPINA4  Pneumothorax : 0.860 (0.790 - 0.950) 0.002
SERPINA4  Right bundle-branch block i 1.150 (1.000 - 1.320) 0.044
TAFA5 Acute bronchitis i 0.910 (0.850 - 0.980) 0.01
TAFAS Adult respiratory distress syndrome ; 0.470 (0.290 - 0.770) 0.002
TAFA5 All pneumoniae = 1.040 (1.000 - 1.090) 0.036
TAFA5 Bruxism E — 1.680 (1.100 - 2.570) 0.016
TAFA5 Mouth ulcers ] 1.000 (0.990 - 1.000) 0.032
r 'Il T T T 1
05 1.0 15 2, 25 3.0

M P>0.05 P<0.05 P<0.01

Fig. 4 Estimated causal effects of plasma proteins on selected diseases using MR

The current study reveals that exposure to cold environ-
ments has discernible effects on the concentrations of plasma
proteins. Moreover, this study demonstrated that occupational
cold exposure leads to elevated plasma levels of SERPINA4,
which is a known risk factor for prostate cancer, rectal
cancer, and oral leukoplakia. A recent study also found that
SERPINA4 plays a significant inhibitory role in malignant tumor
progression, suggesting its potential as a prognostic marker
and therapeutic target for colorectal cancer®”. These findings

Effect size (95%
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align with our results, reinforcing the consistency of these
observations.

Additionally, the study showed that cold exposure leads to
elevated plasma levels of MILR1, which is a risk factor for COPD,
paroxysmal tachycardia, ischemic heart disease, oral and oropha-
ryngeal cancer, oral leukoplakia, and malignant neoplasm of intra-
hepatic ducts, biliary tract, and gallbladder. A recent investigation
also revealed that Allergin-1, an immunoglobulin-like receptor,
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functions to inhibit immediate hypersensitivity reactions mediated
by immunoglobulin E. Allergin-1 may be involved in the onset of
diseases through an immune-related mechanism®. MR analyses
in the present study further revealed that cold environments
resulted in elevated levels of FAM174A, PMEPA1, and TAFAS5 in
the plasma, contributing to the development of various respiratory
system diseases associated with these proteins. Additionally, this
study uncovered correlations between AGER-encoded proteins
influenced by the environment and oral pathologies.

Based on the findings of this study, it is plausible to infer that
DEFB119 exhibits reduced expression under cold working condi-
tions. This gene encodes a constituent of the beta subfamily of
defensins, which are antimicrobial peptides that protect tissues
and organs from a wide range of microorganisms, thereby
preventing infection®. In this study, DEFB119 may serve as
a protective factor against conditions such as hypertension,
unstable angina pectoris, ischemic heart disease, malignant
neoplasm of the colon, and malignant neoplasm of the ovary.
Collectively, these findings suggest that environmental factors
affect plasma protein expression levels, which, in turn, influence
the development of various diseases.

The results of this study highlight the impact of cold environments
on the levels of multiple plasma proteins. The observed changes
in plasma protein concentrations present a promising oppor-
tunity for using these proteins as biomarkers to predict risks and
hazards. Nine distinct plasma proteins are proposed as potential
biomarkers for monitoring the health status of individuals exposed
to cold environments. While the MR analysis employed in this
study is considered reliable and robust, further research is needed
to validate these biomarkers. Additional epidemiological investi-
gations are warranted to evaluate the sensitivity, specificity, and
overall accuracy of these prospective biomarkers.
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