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Student’s name: Leon Lai

Topic chosen:

Alcohol-induced immunomodulation

Specific question:

Is chronic prenatal alcohol exposure sufficient to decrease production of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) by alveolar macrophages in response to infection by Streptococcus pneumoniae during adulthood in mouse models?

How is this question novel and original?

Children with fetal alcohol syndrome have been observed to have more hospitalizations as well as longer lengths of hospitalization compared to control children, with pneumonia being the most common reason for hospitalization among children with fetal alcohol syndrome (Kvigne et al. 2009). However, the mechanism by which prenatal alcohol exposure contributes to increased severity of pneumonia is understudied. 

Furthermore, despite Streptococcus pneumonia being the most common cause of community acquired bacterial pneumonia (Anevlavis and Bouros 2010), there are few studies that use this bacteria to induce immune responses in order to investigate the immunomodulatory effects of prenatal alcohol exposure. Unlike many studies that use only bacterial structures, such as lipopolysaccharide, by using actual bacteria that cause infection, the observed immune responses are more representative of real infections, and thus these responses are more relevant than those induced by lipopolysaccharide.

Potential impact of the proposed question (were it to be answered by your proposed experiment):

By increasing our understanding of the long-term consequences of prenatal alcohol exposure, we may gain knowledge that will motivate the population of alcohol users to reduce alcohol consumption in order to promote healthy children who are less susceptible to infectious diseases.

Hypothesis:

Chronic prenatal alcohol exposure is sufficient to decrease production of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) by alveolar macrophages in response to infection by Streptococcus pneumoniae during adulthood in mouse models.

Evidence on which the hypothesis is based (include references):

Children with fetal alcohol syndrome have been observed to have abnormal lymphocytes and a greater incidence of both life-threatening and minor infectious diseases (Johnson et al. 1981).

Tumour necrosis factor levels within alveolar macrophages have been observed to decrease in response to chronic alcohol consumption during adulthood (Nelson et al. 1989).

Prediction(s):

If chronic prenatal alcohol exposure is sufficient to decrease production of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) by alveolar macrophages in response to infection by Streptococcus pneumoniae during adulthood in mouse models, pro-inflammatory cytokine production by alveolar macrophages from mice that experienced chronic prenatal alcohol exposure should be lower compared to mice that did not experience chronic prenatal alcohol exposure. 

If chronic prenatal alcohol exposure is not sufficient to decrease production of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) by alveolar macrophages in response to infection by Streptococcus pneumoniae during adulthood in mouse models, alveolar macrophages from mice that experienced chronic prenatal alcohol exposure should produce similar levels of pro-inflammatory cytokines compared to mice that did not experience chronic prenatal alcohol exposure. 

Experimental approach to test prediction (include any details that you have worked out so far):

Inducing chronic prenatal alcohol exposure
· Feed pregnant mice a liquid diet containing ethanol from beginning to end of gestation period.
· (Protocol will be adapted from Nelson et al. 1989.)

Inducing Streptococcus pneumoniae infection
· Inject Streptococcus pneumoniae into lungs of adult mice.
· (Protocol will be adapted from Nelson et al. 1989.)

Harvesting alveolar macrophages
· 5 days after inducing Streptococcus pneumoniae infection, perform bronchoalveolar lavage, which involves passing a bronchoscope through the mouth and into the lungs, adding fluid to the lungs, and recovering the fluid which now contains components from the respiratory tract.
· Use fluorescence activated cell sorting to isolate alveolar macrophages using a fluorescent antibody against cell surface marker specific to alveolar macrophages (to be determined).
· (Protocol will be adapted from Nelson et al. 1989.)

Measuring cytokine production by alveolar macrophages via intracellular cytokine staining
· Inhibit secretion of proteins in alveolar macrophages to allow proteins to accumulate in cells by treating cells with Brefeldin A, a protein transport inhibitor
· Permeabilize cell membranes of alveolar macrophages using detergent.
· Perform intracellular staining of alveolar macrophages using fluorescent antibodies against IL-1β, IL-6, and TNF-α, respectively.
· Analyze cytokine levels within alveolar macrophages using flow cytometer.

Controls
· Measure cytokine production by alveolar macrophages in mice without chronic prenatal alcohol exposure and without Streptococcus pneumoniae infection
· Measure cytokine production by alveolar macrophages in mice without chronic prenatal alcohol exposure, but with Streptococcus pneumoniae infection
· Measure cytokine production by alveolar macrophages in mice with chronic prenatal alcohol exposure, but with Streptococcus pneumoniae infection

List of relevant primary and review articles read, and summary of relevant information from each:
Refer to annotated bibliography beginning on page 4.

Potential ways to make your question known to the public at large:

Community acquired pneumonia is described as a major cause of death worldwide, with Streptococcus pneumoniae being the most common cause of pneumonia (Anevlavis and Bouros 2010). Although pneumonia is associated with relatively low mortality rates and low cost of treatment when hospitalization is not required, pneumonia is a major source of mortality and cost when hospitalization is needed (Anevlavis and Bouros 2010). Furthermore, children with fetal alcohol syndrome have been observed to have more hospitalizations as well as longer lengths of hospitalization compared to control children, with pneumonia being the most common reason for hospitalization among children with fetal alcohol syndrome (Kvigne et al. 2009).

Therefore, by informing the public that prenatal alcohol exposure is associated with increased hospitalization overall, but especially due to pneumonia, and that pneumonia is a major cause of death and is costly to treat when patients require hospitalization, the public can become more motivated to support the proposed investigation .

Any other parts of the project completed so far:
N/A

Anything you would like specific feedback on:
[bookmark: _GoBack]Is my research question specific enough?
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Nelson et al. investigated the effects of acute and chronic alcoholism on lipopolysaccharide-induced activity of the cytokine tumour necrosis factor, which is involved in inflammatory responses. Using rats to model acute and chronic alcoholism, lipopolysaccharide was injected directly into the trachea. Then, bronchoalveolar lavage fluid was analyzed to quantitate tumour necrosis factor levels in the lungs. Similar levels of tumour necrosis factor was observed in chronic alcoholic rats compared to control rats, but acute intraperitoneal injection of alcohol significantly ethanol decreased tumour necrosis factor levels found in the bronchoalveolar lavage fluid of both chronic alcoholic rats and control rats. However, within alveolar macrophages recovered by lavage, tumour necrosis factor levels were significantly lower in chronic alcoholic mice compared to control mice, while acute alcohol intoxication did not result in significant differences in tumour necrosis factor levels. Overall, the findings illustrate that inflammatory cytokine levels in the lungs decrease in response to acute alcohol intoxication but not chronic alcoholism, while inflammatory cytokine levels within alveolar macrophages decrease in response to chronic alcoholism, but not acute alcohol intoxication. Although this investigation examined the effect of chronic alcohol in vivo, this study did not address whether chronic alcoholism or acute alcohol intoxication by pregnant mothers produce the same effects in offspring.
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Grossmann et al. conducted a preliminary investigation to examine the immune function of non-human primates (Macaca nemestrina) prenatally exposed to alcohol. In utero ethanol exposure was shown to decrease T cell proliferation and alter antigen-specific memory responses by B cells, which is concurrent with the notion that prenatal exposure to alcohol may result in irregularities in the immune system.
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Using a murine model, Yirmiya et al. investigated the effect of alcohol exposure in utero on LPS-induced fever to show that fetal alcohol exposure results in lower resistance to infectious agents. Rats that experienced fetal alcohol exposure were observed to require higher doses of LPS in order to induce hyperthermia. Furthermore, the fevers of rats that were exposed to alcohol in utero were of lower temperatures and declined faster compared to control animals. These findings provide support that prenatal alcohol exposure causes impairment of immune responses.
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In this second paper by Yirmiya et al., the effects of IL-1β administration into rats prenatally exposed to alcohol were examined in order to further elucidate the mechanisms that result in abnormalities of the immune system in response to fetal alcohol exposure. IL-1β was found to induce fevers that were of lower temperature in fetal alcohol-exposed rats compared to control rats. Through this follow-up study, Yirmiya et al. provides further evidence that prenatal alcohol exposure results in impairments of mechanisms that mediate the effects of cytokines normally involved in host defence.
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Chiappelli et al. investigated the effects of fetal alcohol exposure on cytokine production mediated by blood macrophages in response to pathogen-associated molecular patterns such is lipopolysaccharide. The study found that prenatally exposed male rats demonstrated significantly decreased production of the cytokine TNF-α compared to control males. However, female rats did not show any significant difference in TNF-α production when comparing experimental and control groups. In contrast to previous investigations by other researchers, the findings by Chiappelli et al. suggest that there are sexually dimorphic effects of fetal alcohol exposure on immune function.
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In this review, Goral et al. draw attention to growing evidence that suggests that alcohol is a significant immunomodulatory factor. In particular, alcohol has been found to have dose-dependent effects that alter inflammatory responses through affecting intracellular signalling events that activate transcription factors involved in regulating pro-inflammatory cytokine production. Acute alcohol exposure has been shown to be associated with a decrease in production of inflammatory mediators. In contrast, chronic alcohol exposure has been linked to increased circulating levels of pro-inflammatory cytokines in the blood. However, it is important to note that a study by Nelson et al., mentioned previously, illustrated exceptions to the generalizations suggested by Goral et al. 
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In this retrospective observational study, Kvigne et al. investigate the hospitalization rates and medical diagnoses of children with fetal alcohol syndrome compared to children who did not have fetal alcohol syndrome. In the first year of life, children with fetal alcohol syndrome were observed to have had more hospitalizations as well as longer lengths of hospitalization compared to control children, with pneumonia being the most common reason for hospitalization among children with fetal alcohol syndrome. When combining the findings of previous studies, which suggest that alcohol exposure in utero may result in defects in the immune system, with the findings by Kvigne et al., which show that pneumonia is the most common cause of hospitalization among children with fetal alcohol syndrome, there appears to be an association between prenatal alcohol exposure and increased lung infections.


Anevlavis, S., & Bouros, D. (2010). Community acquired bacterial pneumonia. Expert Opinion on Pharmacotherapy, 11(3), 361-374. doi:10.1517/14656560903508770

Anevlavis and Bouros provide an overview of community acquired bacterial pneumonia. Community acquired pneumonia is described as a major cause of death worldwide, with Streptococcus pneumoniae being the most common cause of pneumonia. Although pneumonia is associated with relatively low mortality rates and low cost of treatment when hospitalization is not required, pneumonia is a major source of mortality and cost when hospitalization is needed. When combining the information from this review with the findings by Kvigne et al., which show that pneumonia is the most common cause of hospitalization among children with fetal alcohol syndrome, it becomes apparent that alcohol exposure in utero can lead to serious consequences including increased infant mortality and expensive treatment.


Gauthier, T. W. (2015). Prenatal alcohol exposure and the developing immune system. Alcohol Research, 37(2), E1.

In this review, Gauthier draws attention to studies that associate prenatal alcohol exposure with increased risk of infectious diseases in offspring and provides inferences about mechanisms involved in alcohol-induced immunomodulation based on other research that studied triggers of immunomodulation. Making reference to a study that showed how modulation of fetal monocytes during pregnancy may subsequently affect macrophages and inflammatory responses in offspring after birth, Gauthier speculates that prenatal alcohol exposure may affect fetal monocytes, and subsequently affect alveolar macrophages and inflammatory responses in the lungs of newborns. However, this hypothesis proposed by Gauthier has yet to be investigated.

