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Should You Spill the Tea? Can Natural Foods Harm Your Immune Responses?
Katy Kosiorek, Cecilie Elliott, Megan Bland

Abstract

[bookmark: _GoBack]Flavonoids are natural ingredients found in foods like grains, vegetables and green tea that can attach and interact with a part of the body important for development called the estrogen receptor. This interaction causes an increase in myeloid derived suppressor cells (MDSCs). Levels of these cells increase during cancer, inflammation, and infection all throughout the body. In this study, we are investigating specific flavonoids to see the strength of the interaction with the estrogen receptor. After testing, we think that the different types of MDSCs will increase when interacting with the flavonoids, leading to a decreased chance of cancer.	Comment by Cecilie N. Elliott: Does there need to be a comma here?	Comment by Cecilie N. Elliott: I would either add a comma or say body that is important

Background

Have you ever wondered how the foods you eat are truly affecting your body? Most likely, your answer is going to be no. In the long term, though, you should really know and understand the side effects of what you eat. Sometimes, what you would think would be harmless sources of energy are actually very harmful.	Comment by Cecilie N. Elliott: I really like this paragraph and how it makes the reader think while still be easy to understand for younger kids 

In foods like grains, vegetables, and green teas, there are certain natural compounds called phytoestrogens that can be harmful to your body (Patisaul & Jefferson 2010). These compounds fit like a key to a lock when binding to an important group of proteins called the estrogen receptor. When the key is placed into the lock, the phytoestrogen acts just like a normal estrogen receptor (Figure 1). The catch here is that this mimicked interaction causes an increase in particular immune cells, such as myeloid-derived suppressor cells (MDSCs) (Svoronos et al. 2016). MDSCs are a population of cells that increase during cancer, inflammation, and infection (Gabrilovich & Nagaraj 2009). They have the ability to regulate immune responses in healthy people (Gabrilovich & Nagaraj 2009) (Figure 2). When people eat foods with phytoestrogens in them, the number of MDSCs increase (Patisaul & Jefferson 2010). This becomes dangerous at a certain extent because the immune cells have to find something regulate, otherwise, they cluster together and die. The cells then form a tumor.	Comment by Cecilie N. Elliott: I would maybe give this word a description, I know on my draft Dr. Barber said that we should 	Comment by Cecilie N. Elliott: Missing a word here

Tumors, whether deadly or not, are not good for your body. Recently, researchers studied young women’s drinking habits and found that those who started drinking green tea before age 25 were more likely to develop breast cancer (Dai et al. 2010). The introduction of green tea in these people increased the number of phytoestrogens in their body (Dai et al. 2010). Green tea contains a particular phytoestrogen called epigallocatechin-3-gallate (EGCG) (Dai et al. 2010). This phytoestrogen is part of a smaller class known as flavonoids. Flavonoids are widely known for their varied effects on cancer growth. In a recent study, flavonoids Genistein and Daidzein have shown to play a role in the suppression of breast cancer (Pang et al. 2018). These particular flavonoids compete with naturally occurring estrogens to suppress breast cancer (Pang et al. 2018).	Comment by Cecilie N. Elliott: Maybe describe this process a bit more bc right now it feels kind of cut short 

Overall, it is very important to know what you are putting in your body and know how compounds in these products are going to affect you. This is what led to this current study. We tested a variety of flavonoids (EGCG, Kaempferol, Naringenin, Daidzein and Genistein) to see their interaction with the estrogen receptor. The resulting data will be analyzed to determine whether it had antitumor or protumor properties.

[image: https://lh4.googleusercontent.com/oHNuyvFnryxEse3QxXxnhYAfTNlFPaP3rTPYxvTbavJQ8i0TDcOgLx689ox0HzF7BizNJG16-8ODlRV7coVzk8bGH4z7NvYY3O-yM3ah95EJN_BmjQR1JAGYj5mnEzFejdVkEf30]
Figure 1. Phytoestrogens mimic estrogen. Phytoestrogens bind to the estrogen receptor, just as estrogen would, causing a mimicked response. 

[image: https://lh4.googleusercontent.com/Z2UAT6UFtJXg5czT4X3NzN4MhedMJ8s2pAYqO75DS2gDCUSNcaba9isVGF_NUlaoSHzL8R1k5adnvOLpocUKKRnylwcGZMG8GdOPZo-Et37OiLrt19cYwLylLgs6iH_rMIHtVacQ]
Figure 2. MDSCs inhibit and activate different cell responses in tumors. T Cells and NK Cells are inhibited by MDSCs, while Tregs and macrophages are activated by MDSCs.	Comment by Cecilie N. Elliott: I really like all your figures – they’re so cute and easy to understand 


Results

[image: https://lh3.googleusercontent.com/Q5Sx5FxfqNqTkXAYqdgkCjW_28AI1lInqR2VgJxODdBOm57UOFTyDX4AhmR-aWt-lhs1ROwDFCDkV68lYgeV3_UZtd-vG_emReVeSEJZUHYK1VIbKtCdtR87AbsHGCk8rEfjNr-k]
Figure 3. Amount of IL-10, IL-4, and IFNᵧ in flavonoid-treated MDSCs. This figure shows how the amount of cytokine changes when the estrogen receptor interacts with each flavonoid.

In order to get these answers, an ELISA (enzyme-linked immunosorbent assay) test was done. This test simply tells us how much IL-10, IL-4 and IFNᵧ are in the samples. IL-10, IL-4 and IFNᵧ are cytokines, this means that they are proteins that are able to talk to one another and help cells carry out their everyday jobs. Media and estrogen were used in this study as control groups, so we were able to compare the amount of cytokine with the amount of estrogen and media. This comparison allows us to figure out the possible effects of the flavonoids. Knowing how much of these cytokines are active in the presence of the flavonoids tells us exactly which flavonoid may be dangerous to our body.  

The flavonoid kaempferol proved to be very important in cytokine expression when compared to estrogen, and can be potentially dangerous. Adding kaempferol showed a huge increase in the expression of IL-10. This is one of the cytokines that helps tumors grow bigger and spread throughout the body. Amounts of IL-4 also heightened which is bad since IL-4 also helps tumors grow in the body. The opposite was seen with IFNᵧ. These levels actually went down when kaempferol interacted with the estrogen receptor. While this might seem like a good thing, IFNᵧ is actually known to help stop tumor growth so having low levels of IFNᵧ means that there isn’t a lot of cytokine around that tells the tumor to stop growing. 

Another flavonoid that sparked interesting resulting is ECGC. ECGC actually showed the opposite effect of kaempferol, which means that it may be helpful in stopping tumor growth as well as helping to stop tumors from spreading throughout the body. When ECGC interacted with the estrogen receptor, levels of IL-4 and IL-10 went down in comparison to estrogen. Since both of these cytokines help tumors grow, having less of them means that tumors won’t grow as much. Levels of IFNᵧ went up, meaning that there are more cytokines around working to help stop tumors from growing.   

Summary
 
The broader implications of this study give us insight into which chemicals are more or less likely to help with tumor growth and development. If we know which flavonoids cause more problems, we can be more careful and avoid eating them in our diet or using beauty products that have them. This can also help us see which flavonoids stop or prevent tumor growth and then we can make sure we have the exposure we need to those chemicals. Eventually, we may be able to stop putting the harmful flavonoids in the products that we use and hopefully use this information to help find safer alternatives. 

In the future, this study could be beneficial in the creation of new drug therapies. It would be ideal for these flavonoids, specifically the four less similar to estrogen, to be included into the recipe for a new drug to decrease the growth of tumors. Another way to take the results from this study and find new evidence, would be to use different types of flavonoids to see if there are similar findings. Once the data we collected is approves, we could try to see if our results show true in a model organism like mice. We then could run more tests comparing the different compounds. 	

Glossary

1. Cytokine- a group of proteins in the immune response that affects the way cells communicate between each other and makes changes to other cell behavior 
2. Daidzein- a flavonoid found in different types of beans, mainly soy products
3. Epigallocatechin-3-gallate (EGCG)- a flavonoid commonly found in green tea that acts as an antioxidant, which protects cells from particular damages
4. Estrogen Receptor- a group of proteins within cells that become activated when in the presence of the hormone known as estradiol produced within the body
5. Flavonoid- a family of plant compounds that typically have color pigmentation in fruits and vegetables (For example: the red color in a pepper)
6. Genistein- a type of flavonoid found in soybeans and can stop particular tumor growths
7. Inflammation- the body’s immune response to an injury or infection typically by redness, heat, and swelling of the area affected
8. Kaempferol- a flavonoid found in many fruits and vegetables that portrays a yellow color and has anti-inflammatory properties
9. Myeloid Derived Suppressor Cell (MDSC)- an immune cell that is taken from the bone marrow of an organism
10. Naringenin- a colorless flavonoid that is known for its bitterness, such as the twang in a grapefruit and other fruits/herbs
11. Phytoestrogen- natural compounds that are found in plants and are consumed by plant-based products; have been found to affect estrogen in the body when eaten
12. Protein- a molecule that contains many compounds that can be found in foods, such as meat (can help grow muscles!)
13. Tumor- are unusual clumps of your body’s tissue that can be harmful or not harmful to the body; tumors come from uncontrolled cell division


References
1. Dai Q et al. Is Green Tea Drinking Associated With a Later Onset of Breast Cancer. Ann Epidemiol. 2010; 20(1): 74-81. 
2. Gabrilovich D and Nagaraj S. Myeloid-derived-suppressor cells as regulators of the immune system. Nat Rev Immunol. 2009; 9(3): 162-174.
3. Pang X, Fu W, Wang J, Kang D, Xu L, Zhao Y, Liu A-L, Du G-H. 2018. Identification of Estrogen Receptor α Antagonists from Natural Products via In Vitro and In Silico Approaches. Oxidative Medicine and Cellular Longevity 2018:1–11.
4. Patisaul H and Jefferson W. The pros and cons of phytoestrogens. Front Neuroendocrinol. 2010; 31(4): 400-419.
5. Svoronos N et al. Tumor Cell-Independent Estrogen Signaling Drives Disease Progression through Mobilization of Myeloid-Derived Suppressor Cells. Cancer Discov. 2016; 7(1): 72-85. 

image3.png
Tumor




image4.png
IL-10 Expression Compared to IL-4 Expression Compared to Media IFNy Expression Compared to

Media and Estrogen and Estrogen Media and Estrogen
200 3600
E 3600 B
- £ 3000
E 150 2 a0 2
2 ¥ T 2400
s = 2400 g
w100 " 1800
4 1800
I 1200 1200
I 600 600
0 n | o m [ | [ o W m
@ O & O @ . . > o &
@& e & & SN I P P & & & &
N «04-7'\* & \}@&&@oweoe \\&@o.{.&eoc,e




image1.jpg
SHOULD YOU SPILL THE TEA?

CAN NATURAL FOODS HARM YOUR

IMMUNE RESPONSES?





image2.png
© o

8 Estrogen Receptor
e DNA

® Estogen

@ Phytesiogen





