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Abstract 

​ Human-induced climate change is raising global temperatures and the frequency of heat 

waves, potentially increasing the risk of cancer by disrupting the cellular heat shock response. 

Chronic exposure to elevated ambient temperatures can result in the epigenetic priming of Heat 

Shock Protein 70 (Hsp70), leading to sustained upregulation. Due to the anti-apoptotic functions 

of Hsp70, sustained expression may promote tumorigenesis and increase tumor growth rates. 

However, there is currently insufficient experimental evidence to establish a relationship between 

chronic heat exposure and increased cancer risk via epigenetic priming of Hsp70 expression. My 

research objective is to determine whether elevated ambient temperatures during simulated heat 

waves promote tumor growth in cancerous cell lines and tumorigenesis in Adenomatous 

polyposis coli (Apc) mice. Replicating the IPCC’s predicted temperature increases, I will 

quantify the rates of tumor growth and tumorigenesis over 12 weeks of heat exposure. I will use 

RNA interference (RNAi) knockdown experiments to establish the mechanistic role of Hsp70. I 

hypothesize that chronic exposure to elevated temperatures increases tumor growth and 

tumorigenesis through the epigenetic priming of Hsp70 expression. This study will provide 

critical evidence of a previously uncharacterized health consequence of human-induced climate 

change.  

Background 

Continued rising global temperatures have the potential to increase the risk of cancer in 

humans by disrupting the heat shock response. It is well documented that human-induced climate 

change increases the frequency of extreme weather events and overall global ambient 

temperature (IPCC, 2023). The impact of greenhouse gases in the atmosphere is already evident 

in annual temperature data. The average global surface temperature over the last two decades has 
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been 0.99 °C warmer than in any decade from 1850 to 1900 (Lee et al., 2023). Additionally, the 

frequency of extreme heat and variable weather has increased over the last several decades 

(Perkins-Kirkpatrick and Lewis, 2020). Rising global ambient temperatures and the frequency of 

extreme weather events constitute critical biological variables for understanding human health 

and the role of the heat shock response in tumor growth and formation. Chronic exposure to 

elevated ambient temperatures elevates Hsp70 expression, which may promote tumor formation 

and growth. 

Due to variations in global temperature, with the hottest and coldest locations differing by 

over 55°C, quantifying ambient temperature changes can be challenging (“Climate Change: 

Global Temperature.”, 2025). The Intergovernmental Panel on Climate Change (IPCC) utilizes 

global temperature anomaly data to comprehend how the global average climate is evolving. By 

measuring temperature changes at specific locations, an average change in temperature can be 

calculated. In their analysis, they found an average global temperature increase of 1.1°C from the 

19th century (IPCC, 2023). In response to ongoing efforts to mitigate the effects of climate 

change and CO2 emissions, the IPCC has released a series of predictions for future temperature 

changes based on projected levels of greenhouse gas (GHG) emissions. These predictions range 

from the best-case scenario, characterized by very low GHG emissions, to the worst-case 

scenario, marked by very high GHG emissions. The best-case scenario would result in a 1.4°C 

increase in global average temperature, whereas the worst-case scenario would lead to a 4.4°C 

increase (IPCC, 2023). With every 0.5°C increase in global average temperatures, extreme 

weather events become more probable (IPCC, 2023).  

A 2.7°C average global temperature increase does not imply that the whole Earth is 

uniformly heating up by 2.7°C. Instead, a global average temperature increase of 2.7°C 
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(SSP2-4.5) could mean that a city currently experiencing 10 days a year above 35°C may in the 

next several decades experience 30-40 days a year above 35°C (IPCC 2023). Sustained exposure 

to temperatures above an organism's thermoneutral point results in significant physiological 

burdens, as the body must divert energy to cellular defense and survival mechanisms. Human 

performance studies have confirmed that elevated ambient temperatures raise core temperature, a 

phenomenon known as systemic hyperthermia (Cramer and Jay, 2015). Human-induced 

increases in global ambient temperature and the frequency of aberrant weather events are 

increasingly implicated in disrupting key cellular responses that affect human health.  

Elevated ambient heat exposure activates a multitude of cellular responses, including 

upregulation of Heat Shock Proteins (HSPs) (Åkerfelt et al., 2010). When a cell is exposed to 

heat stress, complications arise that impact its ability to perform biological processes. Proteins 

denature into a nonfunctional state, halting essential metabolic processes. Additionally, 

denatured proteins are prone to aggregating with other proteins, forming clumps of nonfunctional 

proteins throughout the cell. The cell has evolved to respond to heat stress and to disruptions in 

protein homeostasis through the heat stress response. HSPs are fundamental and highly 

conserved across all domains of life, including bacteria, archaea, and eukaryotes (Feder and 

Hofmann, 1999). Alterations in temperature affect all areas of life, and HSPs are essential for 

protecting cells and their mechanisms (Feder and Hofmann, 1999). HSPs are a large family of 

multifunctional, variably sized chaperone proteins, comprising more than 100 forms. In humans, 

the most commonly studied HSP is Hsp70, a 70-kDa protein responsible for refolding of 

disordered proteins and repression of protein aggregation (Rosenzweig et al., 2019). Hsp70 is 

crucial for maintaining protein homeostasis in humans (Rosenzweig et al., 2019).  
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When exposed to elevated ambient temperatures, Hsp70 expression is induced by Heat 

Shock Factor 1 (HSF1), a transcription factor that regulates gene expression (Åkerfelt et al., 

2010). Transcription factors control the rate of production of a subset of proteins by binding to 

the promoter region of a gene. When the temperature exceeds the threshold required for 

homeostasis, HSF1 trimerizes and binds to DNA (Åkerfelt et al., 2010). In response to binding, 

HSF1 activates HSP transcription and Hsp70 production (Anckar and Sistonen, 2011). HSF1 

transiently increases Hsp70 expression in response to acute heat exposure, with elevated Hsp70 

expression lasting 24-48 hours (Morimoto, 1998). Acute heat exposure refers to a sudden and 

extreme increase in ambient temperature. As shown, global ambient temperature and the 

frequency of heat waves are increasing and are projected to continue rising, resulting in chronic 

exposure to elevated heat. Although elevated Hsp70 expression is transient, evidence is emerging 

that baseline HSP expression is altered by chronic heat exposure. 

The conditions and variables to which the cell is exposed can alter the epigenetic state of 

a protein’s coding region. The ability of HSF1 to bind to the promoter of Hsp70 and induce 

expression is dependent on the Hsp70 promoter’s epigenetic state. A study examining plants 

suggests that cellular stress can alter chromatin state and increase the baseline expression of 

defense mechanisms (Pecinka and Scheid, 2012). When a cell is exposed to stress, protein 

expression changes in response. Under chronic stress, the cell responds by altering the chromatin 

state of promoter regions activated during the stress response. This alteration increases the 

promoter region's accessibility to transcription factor binding via histone modifications. The cell 

embeds its genetic conformation state, including memories of stresses and the proteins induced 

in expression. Modifications to histones affect the ability of transcription factors to access their 

target promoters. Depending on the specific type of histone modification, histones can be pulled 
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together, thereby limiting transcription factor-DNA interactions, or pulled apart, thereby 

increasing interaction. 

In the case of Hsp70 and HSF1, new evidence suggests that prolonged HSP expression 

results from epigenetic changes (Li et al., 2024). Li et al. (2024) exposed mice to elevated 

temperatures (40°C) for 30 minutes daily for 10 days. Elevated HSP expression persisted beyond 

the 24-48 window that occurs during an acute stress response. This study suggests that when an 

organism is exposed to chronic increases in ambient temperature, baseline Hsp70 expression 

increases. This cellular response represents epigenetic priming induced by an environmental 

stressor (Barouki et al., 2018). However, increases in baseline stress-response mechanisms pose 

a challenge for maintaining cellular homeostasis. Cells out of homeostasis are at risk of mutation 

and uncontrolled proliferation, ultimately leading to tumor formation. 

​ Cancerous cells are an ever-present issue in public health, and efforts to understand the 

characteristics of cancer cells are continuous. Research has shown that tumor cells exhibit 

increased Hsp70 expression (Murphy, 2013). The protective function of Hsp70 is hijacked by 

cancer cells to protect themselves and facilitate proliferation. Central to tumor growth is the 

dysfunction and downregulation of apoptosis. Throughout a cell's lifetime and during rounds of 

duplication, mutations accumulate and are passed on through mitosis. To protect the organism 

from an uncontrolled accumulation of mutations, cells are programmed to die after a variable 

number of divisions. Substantial evidence suggests that Hsp70 suppresses apoptotic pathways (S. 

Li et al., 2025). This study used RNAi to knock down Hsp70 expression to characterize the 

apoptotic mechanism. RNAi is a widely used method for reducing or eliminating the expression 

of a specific gene. When Hsp70 is upregulated, the cell’s ability to enter programmed cell death 

is repressed through Hsp70 cellular defense mechanisms. Hsp70 represses apoptosis by 
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inactivating caspases, a key agent of apoptosis. Increased Hsp70 expression has also been 

implicated in reducing the efficacy of anticancer therapeutics (Kunachowicz et al., 2024). 

Current research has not identified a relationship between Hsp70's repression of apoptosis and 

the human-induced increase in ambient temperature. Moreover, the impact of increased ambient 

temperature on tumor formation, mediated by enhanced Hsp70 expression, is poorly understood.  

In this project, I aim to investigate whether exposure to simulated heat waves promotes 

tumor growth and tumorigenesis by increasing cellular Hsp70 expression, using both cell lines 

and mice as model organisms. Although CO2 emissions are raising the average global 

temperature, the increasing frequency and intensity of heat waves are presenting possible 

physiological burdens on humans. Based on the above-mentioned characteristics of Hsp70, 

evidence suggests a potential correlation between elevated global ambient temperatures driven 

by CO2 emissions and cancer formation. However, there is currently insufficient evidence to 

define a relationship or mechanism. Chronic exposure to elevated ambient temperatures may 

lead to tumorigenesis and accelerate tumor growth by altering the epigenetic regulation of 

Hsp70.  

Objectives and Specific Aims 

My overall objective is to determine whether elevated ambient temperatures during 

simulated heat waves promote tumorigenesis and increase tumor survival and proliferation.  

1.​ To do this, I first aim to determine the extent to which chronic exposure to elevated 

ambient temperatures affects tumor growth.  

I hypothesize this mechanism occurs through the epigenetic priming of Hsp70, thereby 

disrupting cellular apoptosis. To do this, I will measure tumor growth rates in cancerous cell 

lines exposed to chronic heat stress and compare them with those in cancerous cells exposed to 
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normal temperatures. I will use RNAi to establish the role of Hsp70 in tumor growth following 

heat exposure.  

2.​ Second, I aim to determine whether chronic heat exposure increases the risk of 

tumorigenesis.  

Similarly, I hypothesize that this mechanism occurs through the epigenetic priming of 

Hsp70, leading to the formation of a pro-tumorigenic environment. I will measure tumor 

formation rates in mice exposed to chronic heat stress and compare them with those of control 

mice exposed to normal temperatures. I aim to use RNAi to characterize the mechanistic role of 

Hsp70 in tumorigenesis in response to chronic elevated heat exposure. By replicating the IPCC’s 

projected changes in ambient temperatures and heatwave frequencies, this study aims to provide 

policymakers with evidence on the potential health impacts associated with climate change.  

Approach & Methods 

Rationale  

To investigate the relationship between chronic heat exposure and tumor success, I will 

use cell lines to assess tumor growth and mice to assess tumor formation. To ensure this study's 

applicability, the IPCC’s predicted global temperature increases will be used to establish 

experimental groups for both the cell line and the mouse protocols. Additionally, to replicate the 

predicted heat wave frequency and length, the cell line and mice experiments will each be carried 

out for 12 weeks. To extend beyond transient acute heat exposure into epigenetic state shifts, a 

12-week period will be sufficient to ensure the response is not purely acute. A sustained, 

non-lethal level of heat exposure over an extended period enables examination of long-term 

adaptations in Hsp70 expression. 
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Cell Line Protocol 

To determine the effect of chronic exposure to elevated ambient temperatures on tumor 

growth, I will expose cancerous fibroblast cell lines to elevated ambient temperatures, replicating 

the projected temperature changes from the IPCC (2023). A control group incubated at 37°C, the 

standard core body temperature, will provide a baseline for quantifying tumor growth rate. I will 

prepare three experimental groups to replicate the IPCC’s predictions of future GHG emissions 

under SSP1-1.9, SSP2-4.5, and SSP5-8.5. I will culture the experimental groups at 38.4°C, 

39.7°C, and 41.4°C, respectively, to align with the best-case (SSP1-1.9), intermediate 

(SSP1-4.5), and worst-case emission (SSP1-8.5) scenarios. To simulate chronic exposure to 

elevated temperature, cells will be incubated for 12 weeks. Each week, I will quantify 

proliferation and cell health using MTT/MTS assays and cell counting. MTT/MTS  assays are 

commonly used to measure cell viability, proliferation, and cytotoxicity. Cell death will be 

quantified using Trypan Blue exclusion and flow cytometry. In addition to measuring tumor 

growth, I will also quantify Hsp70 expression during the experiment. Each week, RT-qPCR will 

be used to quantify Hsp70 expression. Over 12 weeks of cell culture, I will collect data on cell 

proliferation, total cell count, cell death, and Hsp70 expression. The data will be examined for 

apparent, temperature-dependent effects on all measured variables.  

Cell Line RNAi Assay 

​ To investigate the mechanism of tumor growth in response to chronic heat exposure, I 

will use RNAi to generate cell lines lacking Hsp70 expression. By directing RNAi molecules to 

degrade mRNA encoding Hsp70, resulting in little to no Hsp70 expression, the role of Hsp70 can 

be identified. Following the same temperature conditions and controls as in the cell line protocol, 

the RNAi assay will be used to identify the mechanism underlying temperature-induced tumor 
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growth. This assay is intended to determine whether Hsp70 plays a mechanistic role in tumor 

growth rate.  

Mice Protocol 

To determine the effect of upregulated Hsp70 on tumorigenesis, adenomatous polyposis 

coli (Apc) mice will be exposed to a chronically elevated ambient temperature and analyzed for 

tumor formation. These Apc mice are genetically engineered to be highly susceptible to intestinal 

tumorigenesis and are commonly used in tumorigenesis assays. To establish a control, mice will 

be housed in a 30°C chamber, representing their thermoneutral baseline. Experimental groups 

will include mice housed in chambers at 31.4°C, 32.7°C, and 34.4 °C. Over 12 weeks, Hsp70 

expression, body weight, food intake, and water consumption will be quantified weekly. Hsp70 

expression will be quantified with RT-qPCR. After 12 weeks, mice will be humanely euthanized 

for a comprehensive analysis. The intestine will be dissected, and the number, mass, and location 

of all visible tumors will be recorded.  

Mice RNAi Assay 

​ To investigate Hsp70 expression as a mechanism of tumorigenesis, RNAi will be used to 

knock down Hsp70 in the intestinal epithelial cells of adenomatous polyposis coli mice. Using 

the same experimental temperatures and controls as in the mice protocol above, tumor formation 

in Hsp70 knockdown mice and canonical mice will be compared to determine whether primed 

Hsp70 expression affects tumorigenesis.  

Alternate Approach 

If the previously mentioned aims do not yield significant results, I will pursue an 

alternative aim. To determine how chronic heat stress affects a tumor’s response to a therapeutic, 

I will measure the fitness of a tumor cell line exposed to chronic heat stress and the therapeutic, 
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compared with a control tumor cell line exposed to the same therapeutic. If the alternative aim 

yields results, I will proceed to use mice as the model organism and replicate the Mice Protocol. 

Limitations 

This study aims to investigate how chronic heat stress affects the health and survival of 

both cell lines and mice, with the intention that the findings could be broadly extended to 

questions in human health. Although the protein-coding regions of mice and humans are 85% 

identical, extending findings from one organism to another requires careful consideration of the 

study's context (“Why Mouse Matters.”, 2025). The transition between mouse and human 

biology involves considering key factors. First, mice have higher metabolic rates and distinct 

thermoregulatory pathways compared to humans. Differences in metabolism may result in 

complex and multivariable responses to heat stress, and their effects cannot always be quantified 

or predicted. This model isolates the biological effect, but may not fully capture the human 

reality. Second, using adenomatous polyposis coli mice represents only one pathway to cancer, 

limiting the applicability of findings to other forms of cancer. The difficulty of measuring tumor 

formation over a short period limits the study's applicability to human health.  

In determining whether heat stress leads to tumorigenesis, a cancerous cell line cannot be 

used. To assess the effect of Hsp70 on tumor formation, a multicellular organism capable of 

developing tumor cells is required. Given the ethical considerations involved in studying tumor 

formation, I intend to minimize the number of mice used while maintaining a robust 

experimental design.  

Significance 

Intellectual Merit 
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A new understanding of Hsp70's roles in tumor growth and formation will enable better 

cancer prevention as the climate continues to warm. My current project focuses on the 

relationship between human-induced climate change and the effects Hsp70 has on tumors, with 

the potential to reveal previously unknown connections. For lawmakers, this research could help 

illustrate the real-life impacts of climate change. For clinicians and doctors, understanding the 

implications of heat stress on human health may lead to improved prevention and assessment of 

cancer. With the ultimate goal of advancing knowledge of cancer mechanisms, this study aims to 

efficiently characterize the role of Hsp70 in tumor growth and formation, thereby extending 

findings from cell lines and mouse models to human health.  

Broader Impacts 

​ This project will provide a powerful avenue for education and training in cell culture and 

in performing experiments with mice. I will conduct the cell culture experiments with the 

assistance of three undergraduate students seeking experience in biochemical research and 

experimental design. The various methods of quantification in both the cell line protocol and the 

mice protocol will provide students opportunities for growth in biological analysis. Additionally, 

I plan to disseminate my results to both the academic community at research symposia and to 

lawmakers. As the climate continues to change, this study has the potential to raise awareness of 

the causes of cancer and reduce the overall incidence of cancer in humans. Expanding 

understanding of the specific health implications of climate change may induce action at a level 

not yet observed.  
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