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INTRODUCTION

Methicillin-Resistant S. Aureus (MRSA) infections place a significant and continuing burden on
health care resources globally. They are a common type of hospital-acquired infection and the
continued adaptation of the bacterium to resist antibiotic treatment is of serious concern.[1]
The advent of high-throughput whole genome sequencing (WGS) technologies has enhanced
our ability to monitor MRSA populations in both hospital and community settings.[2] The
combination of genetic and epidemiological data provides new avenues by which we can
explore patterns of colonisation and transmission.[3]

OBIJECTIVES

To identify changes in the MRSA population at the monitored facilities over the three-year
period for which samples were collected. To identify the impact, if any, of various sequence
types on MRSA colonisation in the three body regions sampled. To compare the MRSA
populations at the facilities included in the study.

METHOD

This research used a data set generated from an acute hospital located in Singapore and six
surrounding intermediate- and long-term care facilities. At each location, a population survey was
performed consisting of swabs of the axilla, nares, and groin. The swabs were then cultured for
the S. aureus bacterium, and, if positive, underwent whole genome sequencing (WGS). The WGS
data was then used to determine the sequence type for each sample. These data were collected
over a six-week period and the data collection was repeated over three consecutive years (2014-
2016). A total of 1478 positive samples were sequenced across all locations over all three years.
Exploratory and statistical analysis was performed using R and Python. Distributions of the various
sequence types at each location and across time were determined to identify patterns in the
population, with some further analysis focusing on the distribution of positive samples found at
each of the three body regions sampled.

RESULTS

The diversity in MRSA populations at each location (displayed in Figure 1) showed significant
variation. The intermediate-term care facilities tended to show the least varied populations of the
location types sampled. This is especially clear for ITC 1, in which 96 of the 102 samples were ST22
or ST45 isolates. At the long-term care facilities, however, the populations were more varied. In all
locations except for LTC 1, ST22 and ST45 made up the majority of the population. The acute

hospital had a population most similar to those found at the intermediate-term facilities.
Figure 1.
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During the three year period over which the study took place, sequence types showed
only moderate population changes. The gap between ST45 and the next most prevalent
ST remained in the realm of 20% throughout the study. However, there was significant
change in the prevalence of some of the less dominant clones. This can be seen especially
in clones such as ST239, ST573, and ST622, the populations of which changed greatly over
the course of the study.

Figure 2.
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The distribution of positive samples between the three areas of the body sampled was
dependent on the sequence type of the MRSA bacterium. Figure 3 shows the distribution
of each of the most dominant sequence types at each site. Statistical hypothesis testing
was performed using the y? test to determine the significance of the distribution of
individual STs differing from the mean distribution across all STs. Confidence intervals
were calculated using the parametric bootstrap method with a 0.95 confidence interval.
The proportions in Figure 2 show substantial differences in the preferred niches of the
dominant S. aureus clones. ST45 provides quite a striking example, with 58.8% and 31.2%
of samples occupying the groin and axilla respectively.

ST22 10.9% 43.1% 45.9%

(n=677) (95% Cl = 8.7% - 13.3%)  (95% Cl =39.4% - 47.0%) (95% Cl = 42.1% - 49.6%)
P < 0.0001

ST45 10.0% 58.8% 31.2%

(n = 468) (95% Cl = 7.3% - 12.8%) (95% Cl = 54.3% - 63.2%) 95% Cl = 26.9% - 35.3%)
P < 0.0001

ST239 3.6% 32.9% 58. 6%

(n = 70) (95% Cl = 2.9% - 15.7%) (95% Cl = 21.4% - 44.3%) (95% Cl = 47.1% - 70.0%)
P =0.0028

ST573 22.9% 48.6% 28.4%

(n = 109) (95% Cl = 15.6% - 31.2%) (95% Cl = 39.4% - (95% Cl = 20.1% - 36.7%)
P = 0.0002 57.8%)

The P values 1n the above figure refer to the probability that the distribution for that ST across
the three body regions 1s not significantly different from the mean distribution of all other STs
included in the study.

CONCLUSION

MRSA populations in these health care facilities showed different degrees of variation
depending on the facility from which they were sampled. The long-term care facilities stood
out as maintaining a much more varied MRSA population. This may be of interest with
regard to transmission patterns between the facilities.

The ST22 and ST45 clones dominated the MRSA population across all facilities. However,
the prevalence of less dominant clones was considerably less static. With some clones such
as ST239 almost disappearing and ST622 moving from just a few samples in 2014 to more
than 5% of total samples in 2016.

Potentially the most interesting finding is that the sequence types preferentially colonise
different sites on the body. Not only this, but they do so to a substantial degree with some
sequence types showing nearly twice the affinity for some sites as compared to other
sequence types. This raises some interesting questions regarding the adaptations that
underlie these preferred niches.
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Response of Mycobacteria to different levels of
Hydrogen Peroxide and Isoniazid
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Introduction Materials and methods

Mycobacterium tuberculosis (Mtb) currently stands amongst the top 10 causes of death worldwide. In the event of pulmonary
Mtb, the bacteria encounters multiple stresses such as hypoxia, nutrient deprivation, and acidic environment [1]. Despite these
stresses, Mtb is able to respond and adapt to its environment, resulting in its survival [2]. Previous studies have investigated the
responses of mycobacteria when put under a single stress [1], and multiple stresses concurrently [3]. Most of these studies have
shown that the stresses induces dormancy and phenotypic resistance in the bacteria. To combat this, research have strived to
discover the changes that take place within the bacteria while being exposed to the stresses. For example, Xiao Jing and colleagues
measured gene expression upon treatment of mycobacteria with hydrogen peroxide (H202). In this study, changes in lipid bodies
will be measured upon treatment with H202 and isoniazid independently.

Aims
* |nvestigate the effect of hydrogen peroxide on the accumulation of lipid bodies in Mycobacteria Smegmatis , Fortuitum and

Komossense.
* |nvestigate the effect of isoniazid on the accumulation of lipid bodies in Mycobacteria Smegmatis and Fortuitum.

Bacteria and culture

Isolates of mycobacterium smegmatis, mycobacterium fortuitum and mycobacterium komossense were incubated in sealed tubes in middlebrook 7H9
(Sigma-Aldrich) with 0.05% tween (Sigma-Aldrich). All species were incubated at 37°C except for mycobacterium komossense, which was incubated at 30°C..

Viable cell count was determined by the Miles and Misra method.
Staining and fluorescence microscopy

Mycobacterial cells were stained with 1 mg/mL Nile red (Sigma—Aldrich) at room temperature for 20 minutes and a 10 mL aliquot was heat fixed onto a clean
glass slide. Bacterial preparations were viewed by fluorescence microscopy atx100 (Leica DM5500) (excitation 480/40, 540/40. Emission 527/30, 645/75).

Flow cytometry

Cells were stained with Nile red as above and loaded into a round-bottomed 96-well plate. The plate was then loaded onto Millipore Guava easyCyte.
Thin layer chromatography (TLC)

Neutral lipids were extracted as per Bligh and Dyer method [5]. The bottom phase was dried on a hot plate, followed by suspension in 10ulL of
chloroform:methanol 2:1. 4ul of the mixture was spotted on aluminium oxide glass plates (Sigma-Aldrich). A solvent system of petroleum ether:diethyl
ether:acetic acid 90:10:1 was used. The plate was then sprayed with primuline and visualised under UV light.

Results
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Figure 1. The effect of H202 on lipid body accumulation.

e A-B Similar amount of Nile Red staining, neutral lipid-containing M.Fortuitum population. M.Fortuitum cells
were stained after being treated for 24 hours with H202 concentrations of 3mM (A) and 7mM (B). N.B. no
cells could be found at 9mM.

e C-E Similar amount of Nile Red staining, neutral lipid-containing M.Komossense population. M. Komossense
cells were stained after being treated for 24 hours with H202 concentrations of 3mM (C) and 7mM (D) and 200
9mM (E). .

* F-H Similar amount of Nile Red staining, neutral lipid-containing M.Smegmatis population. M.Smegmatis
cells were stained after being treated for 24 hours with H202 concentrations of 3mM (F) and 7mM (G) and
9mM (H).
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Figure 2. Comparison of M.Smeg green fluorescence at different levels of isoniazid. N.B. events in

MIC x2 cannot be seen because it is identical to MIC x4. Events between 0.0 to 0.1 was omitted for

simplicity reasons.

Thin Layer Chromatography

I e T e M T T

M. Fortuitum TAG n/a n/a n/a TAG TAG diacylglycerols (0.08),1,2 diacylglycerols (0.08) and monoacylglycerols (0.00).
M. Komossense  TAG TAG n/a n/a n/a n/a TAG TAG
M. Smegmatis TAG TAG TAG TAG TAG TAG TAG TAG

Table 1. TLC separation of neutral mycobacteria lipids after H202 treatment. The Rf values were as follows:
cholesterol esters (CE) (0.9), triacylglycerols (TAG) (0.35), free fatty acids (FFA) (0.1), cholesterol (0.1), 1,3-
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Figure 3 The effect of isoniazid on lipid body accumulation.
A-C decrease in in Nile Red staining, neutral lipid-containing M.Fort population.
M.Fort cells were stained after being treated for 96 hours with MIC (=12.5ug/ml)

48 hr
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D-F decrease in in Nile Red staining, neutral lipid-containing M.Smeg population.
M.Smeg cells were stained after being treated for 96 hours with MIC (=25ug/ml)
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Figure 5. Comparison of M. Fort and M.Smeg green fluorescence at different levels of isoniazid. An increase in green fluorescence
could be seen for M. Fortuitum, but not for M. Smegmatis. N.B. Events between 0.0 to 0.1 was omitted for simplicity reasons.
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Figure 4. Viable cell count via the Miles and Mesra method. N.B. there was growth
in the M. Smeg agar plate after 72 hrs.

TAG FFA, FFA, CE TAG FFA, TAG FFA, TAG FFA, TAG FFA, TAG, CE TAG, CE TAG, CE
Fortwtum
M. n/a FFA TAG, FFA n/a TAG, CE TAG, CE TAG, CE TAG, CE TAG, CE
Smegmatis

Table 2. TLC separation of neutral mycobacteria lipids after isoniazid treatment. The Rf values were as
follows: cholesterol esters (CE) (0.9), triacylglycerols (TAG) (0.35), free fatty acids (FFA) (0.1), cholesterol
(0.1), 1,3-diacylglycerols (0.08),1,2 diacylglycerols (0.08) and monoacylglycerols (0.00).

Discussion and Conclusion

This study has shown that when treated with hydrogen peroxide, M. Fortuitum, M. Smegmatis and M. Komossense do not significantly increase lipid body accumulation. Possible explanations

include the cells dying too rapidly, or insufficient time for the cells to generate the lipid bodies. Perhaps 48 or 72 hours would be a more adequate time instead of 24 hours. The TLC has

revealed that triacylglycerols (TAG) is the main lipid constituent in the cells’ lipidome. The other half of the study looked at stressing mycobacteria with isoniazid. Here, M. Fortuitum generated

many lipid bodies, as seen on the microscope (fig 3) and indicated by the shift in green fluorescence towards the right (fig 5). same pattern is seen in M. Smegmatis. Interestingly, the lipid
content contained cholesterol esters as well, which wasn’t found when the cells were stressed with hydrogen peroxide. In conclusion, when stressed with hydrogen peroxide, the species of

mycobacteria tested didn’t respond by accumulating lipid bodies; but when stressed with isoniazid, lipid bodies were generated.
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Sex difference in spatial memory: A fact or a myth?
A T2 relaxometry and stereologic volumetry study

Luciana CROWTHER, Enis CEZAYIRLI

INTRODUCTION

Memory as defined by the Oxford English Dictionary is “the faculty by which the mind stores and remembers
information”!. The concept of memory is crucial in our everyday lives, it allows us to learn, understand and
communicate knowledge which has been processed by a complex collection of structures believed to reside within
the brain. This ability to decipher and manipulate information that we are constantly exposed to alongside
recalling past experiences has the power to dictate our behaviour and the decisions we make in order to function.
Kessels et al.? states that “spatial memory involves the ability to encode, store and retrieve information” which
encompasses route navigation and object location. Our study looked at this aspect of memory and investigated
whether there are differences between men and women through quantitative evaluation of certain brain regions.

Our understanding of memory and the cognitive functions of the brain has vastly evolved since the 1880s when
proposed theories and what we recognise as modern memory investigations were first recorded (Hermann
Ebbinghaus, 1885)3. Research into understanding cognitive functions can be grouped into three main categories;
case studies, animal models and more recently functional imaging. Human studies demonstrate the challenges of
understanding the function in the living. The outcome of the surgery of Patient HM (Figures 1 and 2), an epileptic
patient who suffered from intractable seizures was the major breakthrough. Following the bilateral removal of his
medial temporal lobes in hope of treatment, HM was left with mild retrograde and severe anterograde amnesia“.
This publication triggered research on all aspects of memory.

Figure 1: Patient HM in
1953 before his surgery

Figure 2: Patient HM’s brain,
before it was sectioned

o

We have learned a great deal about the neural basis of memory by observing outcomes of cases in history where
the integrity of normal brain structure was compromised, which resulted in memory impairment.

The next step in investigating memory was the development of animal models, pioneered by Mortimer
Mishkin®and Stuart Zola-Morgan and coworkers®, since memory is exhibited across the animal kingdom. Animal
models made it possible to investigate systematically which anatomical structures are involved in memory.
Bilateral, well-circumscribed lesions can be created in one or more structures and performance can be evaluated
on tasks that are identical or analogous to tasks used in humans. The last decade of the twentieth century saw
introduction of functional MRI, PET and SPECT which increased our knowledge of functional anatomy; memory in
particular. By conducting a literature search of the material available, this allowed us to identify structures we
believe to be involved in spatial memory which are the hippocampus, parahippocampal gyrus, entorhinal cortex
and perirhinal cortex.

Memory covers three important aspects of information processing: encoding, storage and retrieval. Any disorder
affecting one or more of these stages could result in memory disorder.

[ Encoding ]‘ Storage — Retrieval

Processing Storing Retrieving
(acquiring) (maintaining) (recalling)
information information information

There is a debate whether males or females are better at navigation (spatial memory). Two studies published by
Piccardi et al in 2011 which included adaptations of known spatial memory tests reported superior male
performance. In their first study men were faster than women and required fewer repetitions to learn a path from
a map’. These sex differences persisted in a subsequent study where women were slower than men in locating a
target position®. Nevertheless, Silverman and Eals’ (1992) work® suggests that females have an advantage
regarding the object location memory aspect of spatial memory. Furthermore, McBurney’s study!® based on the
well-known game Memory which utilises the cognitive demands required for spatial memory, also supports the
female advantage in specific spatial abilities. As the conclusion on the debate is unclear we chose the following
aims to explore the subject.

Aims:

1. To establish whether there is a difference in spatial memory, T2 relaxation times of the hippocampus,
parahippocampal gyrus, entorhinal cortex and perirhinal cortex and volume estimates of the hippocampus,
parahippocampal gyrus between males and females.

2. If there is a difference in spatial memory performance, can the difference be explained by T2 relaxation times
or volumes of the hippocampus, parahippocampal gyrus, entorhinal cortex and/or perirhinal cortex.

METHODS

T, RELAXATION TIME MAPPING: The T, relaxation time is calculated on a pixel by pixel basis using log-linear least
squares regression analysis. A computer program fits a single exponential to the signal intensity data of
corresponding pixels derived from all 4 echoes and constructs an image in which the pixel intensity corresponds to
T, relaxation time in milliseconds (Figure 4b). ROIs were traced on the processed FSE images and the T, relaxation
times were calculated using the Region of Interest feature within MRIcro!?. (Figure 5)

A B Figure 4b: When a spin echo image with a constant TR is

acquired with different TE’s, the signal intensities of the
= images decrease as the TE is increased. If the signal
intensity of a pixel is plotted against the TE, the slope of

e =y =7 | the line can be expressed with the left upper formula

where J, is the signal intensity at time=0, J is the

J:JO‘TETZ[(I_;TRHH -p log[JiJ=_TTE observed signal intensity at time=t, and e is Napier’s

’ ’ constant. If logs of both sides of the equation is taken,

, the relation between log J and TE is linear and by

measuring the slope of this line, it is possible to calculate
T, relaxation times of different structures
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Figure 5: To calculate the T2 relaxation time
of the structure we are interested in e.g.
hippocampus, 4 images with differing TEs
are acquired (top row). The T2 mapping
algorithm constructs a composite image
using the 4 images (bottom middle). The
boundary of the hippocampus is traced and
the region of interest feature of ANALYZE
plots the intensity graph (bottom left) and
DNl | cives the mean signal intensity, which

P corresponds to T2 relaxation time in units

e of ms., together with other descriptive

in Range = 101.948

Range = 14.702 statistics (bottom right)

in
BAP = 13763

0 60 120 180 240 300

MEMORY TESTING

The subjects had a battery of neuropsychological tests, one of which was the Weschler Memory Scale-R. It
comprises 11 primary subtests which contribute to 5 major composite scores. We used spatial memory scores.

STATISTICAL ANALYSIS

Data were analyzed using SPSS v24 for Windows (SPSS Inc, Chicago, USA). The distribution of the data was tested
by Shapiro-Wilk test. Differences in means of groups were tested by Independent samples T test or Mann Whitney
U test, where appropriate. The relationship between spatial memory scores and T2 relaxation times and volumes
were tested by Pearson’s correlation analysis. A p value <0.05 was considered significant.

MATERIAL

RECRUITMENT of SUBJECTS: The data used in this project was acquired as part of a programme grant entitled
“Relationship between lesion location and functional deficits in the amnesic syndrome” awarded to Prof. Andrew
Mayes and Prof. Neil Roberts. Volunteers were told the aims and methods of the study, underwent a medical
examination and screening for habits and any current or previous conditions related to the nervous, cardiovascular
or endocrine systems. All volunteers gave fully informed written consent to participate in the study. Ethics
committee approval has been obtained (REC/UL/256-96) prior to the commencement of the study.

SUBJECT DEMOGRAPHICS: A total of 120 healthy subjects (56 males and 64 females) with a mean age of
50.88+17.74 years (age range: 19-94) are included in the present study.

METHODS

MR IMAGE ACQUISITON: MR imaging was performed at the University of Liverpool Magnetic Resonance and
Image Analysis Research Centre, using a 1.5 Tesla MR scanner. The imaging protocol comprised FSE images for the
computation of T, relaxation times and a T,-weighted 3D volumetric scan. Subjects were scanned using the
guadrature head coil as both transmitter and receiver. Head position was stabilized during the scanning procedure
by the use of foam head supports. Following the acquisition of 3D volumetric images, the long axes of the
hippocampi were identified on sagittal MR images and 5mm thick slices with 7.5 mm gap between them were
prescribed along the hippocampus, perpendicular to its long axis. This prescription maximizes the hippocampal
cross sectional area and reduces errors associated with partial voluming. Four images were acquired with a
constant TR of 4000 ms and TEs of 30, 45, 75, and 100 ms at 3-5 locations along the hippocampus. With this
prescription T, relaxation times of hippocampi, parahippocampal gyri, entorhinal and perirhinal cortices were
calculated.

VOLUME ESTIMATION

Unbiased estimates of the hippocampus and parahippocampal gyrus were obtained on 3D volumetric images by
Cavalieri method of modern design stereology in combination with point counting method using Analyze
software!! (Figure 3). Coefficient of error associated with estimates were calculated.
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Flgure 3 Estimation of the volume of the hlppocampus using point counting method (Formula 1) and calculation of the precision
of the estimation (coefficient of error) for irregular and regular structures (Formulae 2 and 3, respectively)

RESULTS

Tables 1, 2 and 3 show the mean volume estimates (coefficient of error); T2 relaxation times and spatial memory
scores of males and females, respectively.

Table 1 When the Spatial memory data was analysed
Volume estimates, cm3 (CE) by Mann-Whitney U test, the dlffergnce
between males and females was statistically

Right Hippocampus 2.64 (0.43) 2.44 (0.31) significant (p=0.019)

Left Hippocampus 2.53(0.43) 2.32 (0.29) When we examined if the T2 relaxation times
diff t bet I d f les,

Right Parahippocampal gyrus 2.86 (0.62) 2.50 (0.44) eI R > °"C TemATes

we found that there were no significant
Left Parahippocampal gyrus 2.76 (0.62) 2.41 (0.45) differences.

Table 2 To establish whether the difference in spatial
‘“m memory scores between males and females
, , can be attributed to T2 relaxation times, we
LR AR E e B conducted correlation analysis. There was a
108.41 (5.390) 105.95 (5.502) significant correlation between the T2
relaxation time of the left parahippocampal
gyrus and spatial memory score in males
Left Parahippocampal gyrus ~ 91.91 (5.212)  93.07 (5.714)  (p=0.05) (Graph 1). On the other hand, there
was no significant relation between spatial

111.65(9.469) 113.30 (12.405) memory score and the T2 relaxation time of
110.18 (9356) 111.38 (9689) any of the structures in females (p>005)

Left Hippocampus
Right Parahippocampal gyrus  91.84 (4.898) 91.40 (5.511)

Right Entorhinal cortex

Left Entorhinal cortex

Correlation analysis is repeated for volumes
and the spatial memory scores and there was
104.14 (6.406) 103.19 (8.107) no significant correlation between volumes

and the spatial memory scores in females
mm (p>0.05). However, left hippocampal volume
correlated significantly with spatial memory
score in males (p=0.012) (Graph 2)

Right Perirhinal cortex 104.22 (6.064) 103.08 (6.890)

Left Perirhinal cortex

Spatial memory score 16.8393 (3.2349) 15.5781 (3.3937)
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y=34.9-0.19*

Spatial memory score
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Left parahippocampal gyrus T2

Graph 1: Relationship between left parahippocampal gyrus
T2 and spatial memory score in males

Left hippocampal volume (cm3)
Graph 2: Relationship between left hippocampal volume and
spatial memory score in males
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CONCLUSIONS

In summary, and to answer our question, the neuropsychology data collected indicates that males are better than
females at finding their way. There was a significant negative correlation between the T2 relaxation time of the left
parahippocampal gyrus and spatial memory score in males. These relationships may therefore explain why males
are better at finding their way around. Low T2 relaxation time of a structure suggests that the neuron bodies or
axons are not replaced, at least significantly by cerebrospinal fluid or glial tissue, an indicator of a healthy state. We
also found significant positive correlation between left hippocampal volume and spatial memory score in males.

These findings are rather surprising as structures located in the right, but not the left hemisphere preferentially
process information required for functioning visual memory*3. Activation of the right hippocampus was observed in
London taxi drivers, a well-known study group due to their extensive knowledge of streets and routes during
spatial memory tasks!4.

Despite these significant findings, the study has its limitations which makes it difficult to draw an accurate
conclusion. Firstly, we did not have time for intra- and inter-observer reliability study. Secondly, the MR images on
which T2 was measured were 5 mm thick. Number of slices varied between individuals ranging from 3 to 5 slices
and the slice with the optimal view of the structure of interest was used. Measurements on thinner images at
standardized locations would be more reliable.
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INTRINSIC RELATIONSHIP BETWEEN Zn?* HOMEOSTASIS AND CaZ* DYNAMICS IN CARDIOMYOCYTES

University of
St Andrews

BACKGROUND

Release of Ca?* from the
Sarcoplasmic reticulum (SR)
1S crucial to normal
excitation contraction
coupling In
cardiomyocytesV). In heart
failure, Ca?* release from
the SR is unsynchronised
causing calcium leak in
diastole (relaxation). This
leads to diastolic
dysfunction and arrhythmias
and reduces the SR Ca?t

available for the next
contraction(!). Physiological levels of intracellular Zn?* has a critical

biological role in maintaining normal structure and function of
cardiomyocytes. Zn?* homeostasis in the cell is tightly regulated by
Zn?* transporters (ZIPs and ZnTs) and Zn?* binding proteins (see figure
1)2-3), Zn?* is known to rise in ischemic heart failure and other cardiac
myopathies. The Pitt lab has recently shown that Mitsugumin 23
(MG23), a novel Ca?* permeable channel located on the SR is
modulated by Zn?*®), Unpublished data from the lab now reveal that
MG23 expression increases when cardiomyocytes are exposed to
hypoxia-induced ischemia and that this results in a reduced SR Ca?*
content (figure 2)

FIGURE 1

Cardiomyocyte

Schematic representation of Ca2* channels
(Ryanodine Receptor 2 (RyR2) and MG23) and
zinc transporters (ZIPs and ZnTs) located on the
SR in a cardiomyocyte under physiological
conditions.

FIGURE 2
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2(a) Increase in MG23 protein expression
in mouse cardiomyocytes on exposure to
hypoxic conditions (0.5% 0O2). *p<0.05, n=
3 hearts per condition
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2(b) On addition of 10mM of caffeine (RyR2
Agonist) to mouse cardiomyocytes following
hypoxia, Ca?* release from the SR decline
significantly at increased hypoxic time points.

HYPOTHESIS and AIMS

Zn?* dyshomeostasis plays a role in dysregulated intracellular Ca?*
release. Our current hypothesis is that in hypoxia SR Zn?#*
transporters and Ca?* channels are remodelled which contribute to
pathophysiological cellular Zn%* and Ca?* dynamics.

The aims of the study were to:

(1) Determine the expression profile of Zn?* transporters located on
the SR under different hypoxic time points,

(2) Determine the expression profile of RyR2 and SR located Zn?*
transporters in MG23 knock out (KO) heart.

A Singhania, A Dorward and S.J. Pitt.

RESULTS
How does the expression of Zn?* transporters located on the SR change

under different hypoxic time points?

ZIP7 ZnT7 FIGURE 3

47 Expression of ZIP7 (left) and
ZnT7 (right) in cardiomyocytes
following O hours (control), 3
2- hours and 6 hours of hypoxia.
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o : blots whereas
1:832, anti-rabbit at 1:5000 were
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Is there any re-modelling of RyR2 and SR located Zn?* transporters in

MG23 KO heart ?
e o

ZIP7 FIGURE 4
ZIP14

Bar charts showing the
expression of SR located
Zn?* transporters (Clockwise
starting top left ZIP7, ZnT7,
ZIP8 and ZIP14) in mixed
membrane (MM) and MG23
knock out (KO) hearts. Anti-
ZIP7, anti-ZnT7, anti-ZIPS8,
anti- ZIP14 all at 1:832; anti-
rabbit at 1:5000 were used
to probe the blots.
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Expression profile of Ca?*
permeable channels, namely
RyR2 (left) and MG23
(right) in mixed membrane
(MM) and MG23 knock out
(KO) hearts. Anti-RyR2 at
1:1000, anti-mouse at
1:2500 were used to probe
RyR2 blot whereas anti-

: MG23 at 1:5000, anti-rabbit
& at 1:5000 were used to
probe MG23 blot.
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KEY FINDINGS

* |In cardiomyocytes Zip7 expression is suppressed on exposure to 3
hours of hypoxia, but at 6 hours of hypoxia its expression increases to
almost 50% of control.

« At 3 hours of hypoxia, ZnT7 expression elevates by 3 folds, whereas
at 6 hours hypoxia its expression declines to almost the level of the
control.

Subtle changes in the expression of RyR2 and SR located Zn?*
transporters in MG23 KO heart are noted.

Anti-ZIP7 at 1:832, anti-rabbit at

anti-ZnT7 at

THEROYA L
SOCIETY

OF EDINBURGH

CONCLUSION

Following 3 hours hypoxia our data suggest that the cardiomyocyte
remodels its SR zinc transporter expression in order to reduce Zn?*
levels by pumping Zn?* into the SR and preventing any Zn?* release into
the cell. On the contrary at 6 hours hypoxia, the cell can no longer
compensate for the overwhelming amount of intracellular Zn?*, which
sets the cell on a pathogenic pathway. It has been reported that the Zip7
expression decreases while ZnT7 expression increases Iin heart
failure®). Hence, it will be interesting to see what happens to the
expression of these transporters at higher hypoxic time points.

Subtle changes in the expression of RyR and SR located Zn?*

FIGURE 6 transporters in MG23 KO heart
suggests that the cell does not
remodel itself if MG23 is knocked
out. The study requires more
repeats to be statistically
significant but the trends suggest
that MG23 could potentially be
used as a therapeutic target in
| | heart failure to reduce SR Ca?*
Schematic representation of Ca?* channels . : .
(RyR2 and MG23) and zinc transporters (zIPs €@K without altering the activity of

and ZnTs) located on the SR in a RyR2 or other SR located Zn%*
cardiomyocyte under conditions of heart failure. transporters.

MG23 MG23 MG23

Cardiomyocyte

EXPERIMENTAL PROCEDURE

Western blotting: Lysates were prepared from isolated cardiomyocytes
of adult male mice in RIPA buffer. Ethical approval for all animal work
was obtained from the University of St Andrews.

- Protein concentration in the lysates was measured by BCA assay

- 30 pg cell lysate was run on NuPAGE Bis- Tris 4- 12% protein gel at
constant current and transferred to a nitrocellulose membrane

- Blocked the membrane and probed it with protein specific primary
antibody followed by secondary antibody.

-lmaged using Fuji-film LAS2000 detection system (chemiluminescence)
- Measured density of protein bands using ImagedJ software

- Normalised data to loading control, Vinculin and experimental control.
Anti-vinculin 1:2500 and anti-mouse 1:5000 were used to probe Vinculin
In each case.

REFERENCES
1. Bers, D. M. (2014) Ann Rev Physiol 76:107-127

. Turan, B. and Tuncay, E. Int. J. Mol. Sci. 2017, 18(11), 2395

. Bodiga, V. L., Thokala, S. and Kovur, S. M. Biol Trace Elem Res (Sep
2017): 179(1):117-129.

. Donnell, B.R., Robertson GB, Karumbi A, Mcintyre C, Bal W, Nishi
M, Takeshima H, Stewart AJ, Pitt SJ. J Biol Chem.2017 Aug
11;292(32):13361-13373.

. Belma Turan, Biophys. J.: 2656-PosB263 February 2017




FOUNDED

1413

&Xexd) University of
St Andrews

HOW DO MEDICAL STUDENTS MANAGE STRESS AND
WHAT ROLE DOES MEDICAL EDUCATIONAL

ENVIRONMENT PLAY IN THE EXPERIENCE OF STRESS?
WEI QIAN ONG, GOZDE OZAKINCI, ANITA LAIDLAW

BACKGROUND ~N

¢ Burnout is defined as the experience of emotional
exhaustion, cynicism and lack of professional efficacy (1).

« This may lead to poorer quality of patient care,
decreased empathy and emotional instability for future
physicians®).

¢ Furthermore, research also suggests that these
physician burnout symptoms may present as early as
medical school®).

* Hence, it is essential to measure and understand the
factors that contribute to stress and burnout, especially in
the context of medical school environment, as well as the
coping strategies that may promote resilience against
burnout, so that relevant resources and support can be
offered to students to look after their own wellbeing and
health.

W,

¢ The study was conducted 18 June — 22 July 2019.
Undergraduate medical students of the University of St
Andrews, University of Dundee and University of
Aberdeen were recruited via recruitment posters,
Facebook pages and University email newsletters for an
online survey.

-

« This study was approved by the University of St Andrews
School of Medicine Ethics Committee (UTREC Approval
Code: MD14339).

* The survey measured the participant's demographic
profile, and assessed their perception of their medical
school environment, competitiveness, levels of burnout
and perceived stress, as well as their coping strategies
by using the following scales:

1. Demographic questionnaire

2. Dundee Ready Education Environment Measure
(DREEM)

3. Personal Development Competitive Attitude Scale
(PDCA)

4. Oldenburg’s Burnout Inventory (OBI)
5. Perceived Stress Scale (PSS4)
6. Brief Cope Inventory

* The following hypotheses were tested:
« Better perception of the medical school
environment — Lower levels of stress/burnout

* More competitive — Lower levels of stress/burnout

» Better coping strategies — Lower levels of
stress/burnout

— T

» 198 students (57 males, 141 females) participated in the study. The
participants’ age ranged from 18 to 32, with a mean age of 21.32 + 2.56.
The significant correlation of both stress and burnout with the other
scales are shown below:

SCALE PEARSON PEARSON PEARSON
CORRELATION CORRELATION CORRELATION
(STRESS) (BURNOUT (BURNOUT
DISENGAGEMENT) EXHAUSTION)
DREEM (Academic Self- -0.36 -0.49 -043
Perception)
DREEM (Perception of -0.44 -0.66 -0.39
Atmosphere)
DREEM (Social Self-Perception) -0.54 -0.60 -0.53
PDCA -0.29 -0.28 -0.32
Brief COPE (Self Distraction) 0.18 0.17 0.17
Brief COPE (Denial) 0.33 0.24 0.22
Brief COPE (Venting) 0.21 0.21 0.29
Brief COPE (Behavioural 0.42 0.34 0.44
Disengagement)
Brief COPE (Self Blame) 0.52 0.41 0.47

HELP!

om o
1L

Positively correlated with
Brief COPE Self Distraction,

Negatively Negatively Denial, Venting, Behavioural
correlated with correlated with Disengagement and Self
DREEM PDCA Blame subscales

=

\ J

QI D'SCUSSION  pes

» This study focused on students’ perception of their medical school
environment, individual competitiveness, as well as coping strategies
against self-perceived levels of stress/burnout.

* As hypothesised, the better the students’ self-perception of their
medical educational environment, the lower their levels of reported
stress and burnout.

» Students that scored higher on the PDCA score also reported lower
levels of stress and burnout as expected, as individuals that score
higher in the PDCA scale tend to be lower in neuroticism and higher in
personal and social self esteem®).

» Students who have reported higher levels of stress and burnout were
found to use self distraction, denial, venting, behavioural
disengagement and self blame as coping strategies against stress.

* In the future, more attention should be given to improve students'
medical school educational experience, identify individual student’s
competitiveness as well as their coping strategies so that more help
could be be offered to reduce students’ stress and burnout and
promote a better overall physical, mental and emotional wellbeing.

\_ /
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Unlocking the Global Gene Expression Profiles from
Distinct Populations of Kisspeptin Neurones

University

St Arirews Saumya Maheshwari, Chryso loannou and Javier A.Tello

|. Introduction Methods Continued Results Continued
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Kiss | - i Cont RP3V RP3V Arc Arc MeA MeA Cont
A family of neuropeptides called kisspeptins drive reproductive Cre/GFP*- @\/‘ LITR e HGH polyA Py """W e
EF-1a -Rp WPRE R-ITR GEED +@ | v ee— oo (D
. . oo . . Gabdh
hormone secretions from the brain to control fertility. Kisspeptins are mouse I PH ﬁ* ( Precouple Antibody a Gapdh,
found in anatomically distinct cell populations in the limbic brain 1 e 10 magnetio bess (W™ Kiss |
where each population regulates a particular aspect of reproductive ™
physiology, including triggering ovulation and controlling sex steroid Th Fig. 6. RT-PCR expression profiles
. . . . > . .
levels to maintain sperm and follicle development. Each population Homogenization Tacr3 of various neuroendocrine genes
£ . h h | £ | | hani h \ £ acr of interest. Gene profiles of
unctions through a complex array of molecular mechanisms, however, e s ————— ey L ot
the unique gene expression signatures of each population remain transcripts were identified from
unknown. By using novel transgenic mouse models combined with - ,. Esrl S';;:T:fl:r"sss"sip:q'z 2::;°"e
viral targeting tools we determined the global gene expression >0 s s expression patterns validated
. . . . . Sr . . .
profiles of kisspeptin neurone populations in the rostral ® .‘. . — cuhrrent scu;nt.ﬁc Ilteraturt;:,
. . . . ndrogen G . e cew e whereas others were nove
periventricular region of the 3" ventricle (RP3V), the arcuate nucleus Rec
. . . Fig 1. Kiss|-Cre/GFP transgenic -— TP wn WD e e o O
(ARC) and the medial amygdala (MeA) under different conditions of mouse line used and diagram Fig 2. Ribo-Tagging procedure adapted from [3]. Viral Nr3ci
sex hormone feedback. This allows us to catalogue the transcriptome- representing MeA injection vector injected into the brain is activated by Cre- | TTTTTTTTTTT T T T T oo
p g l o o ° oege o
wide events underlying this key nodal network that controls the sites of viral vector. Figure recomblr.lase. Ribo-Tagging procedure utllls.ed to isolate Dnmt3a - Np— p—
i i adapted from [2]. MmRNA-ribosome complexes from kisspeptin neurones
reproductive brain.
Dnmt3b

2. Methods 3. Results

[

®  We utilised a line of female transgenic mice where Cre CO“CI usion

recombinase is expressed specifically in kisspeptin neurones [1]. * Gapdh gene expression was found in all cDNA libraries confirming our ability to

These mice were injected with a Cre-dependent adenoassociated isolate ribosome-associated mRNA.

virus vector (AAV) encoding a Ribo-Tagging cassette targeting 3 * Kiss| expression was consistent with the scientific literature being highest in the

sites (RP3V, ARC and MeA) bilaterally. RP3V population taken at proestrous

* Analysis of Th expression confirmed that RP3V Kiss/ neurons have dopaminergic

® 3 weeks post-injection, the ovarian stage of each mouse was properties. , . , ,

d and mi led <h di * Analysis of sex steroid receptor expression including Esrl, Esr2 and Ar confirms
asse.sse an ml.ce were culled at e.lt er proestru§ or diestrus. Fig 3. Images showing cells labelled with anti-HA and Kiss|- that Kiss| neurons have the ability to relay the effects of many circulating steroids.
Brains were rapidly removed and tissue surrounding each of the neurone-expressed GFP * Expression of the glucocorticoid receptor (Nr3cl) was detected in RP3V Kiss |
three kisspeptin populations was excised. & neurons, suggesting these neurons may be directly responsive to stress signals.

. o . B . % 1307 Cell labelled with This project reveals the gene expression profiles from
Using immunofluorescence labelling, we verified the Ribo-Tag AAV E anti-HA only discrete Kissl neuronal populations using a cutting-edge Ribo-Tagging
delivered haemagglutinin-tagged ribosomes to kisspeptin neurons. g 100- procedure. My results provide an exciting foundation from which
ks o further research can be preformed into how each kisspeptin neuronal
® Messenger RNA from actively transcribing ribosomes was T Cell labelled with anti- : : :

8 Y 8 S 50- HA and Kiss | -GEP population can sense and integrate molecular signals to control the
isolated using an anti-haemagglutinin antibody and used to @ reproductive brain or identify how they integrate with other
prepare cDNA libraries for each neuronal population. 8 . physiological processes.

L 0-
. . . . 5 & &
® The gene expression profiles from kisspeptin neurones from the < References
RP3V,ARC and MeA were then analysed and quantified by qPCR Brain Region .
tilisi didat . Y ] A Fig 4. The co-expression of green Fig 5. Enlarged micrograph showing cells . Gottsch et dl. (20| I)' Endo.crmOIOgy 152, 4258-4309.
utilising candidate gene primers. fluorescence labelled kisspeptin neurones expressing HA-Rpl22, KissI-GFP or both 2. Sanz et adl. (20 | 5)-_INeurOSC’ 35, 5549-5556.
and HA-Rpl22 in different brain nuclei 3. Sanz et al. (2009). PNAS 106, 13939-13944.

I'd like to express my thanks to The University of St Andrews Medical School and The Carnegie Trust Vacation Scholars program for their support and funding of this project




! Schoolof 4 Treatment of exvivo kidney cancer .~ -

‘Medicine = slices with ProTide drug NUC-7738 =" (\
Chen, W.H., Elshani, M., Kudsy, M., Um, I.H., Mullen, P. & Harrison, D.J.
AIMS

INTRODUCTION

* Renal cell carcinoma (RCC) is the 16" most frequent cause of death around the world (Znaor et al., 2015).

e RCCtends to be highly vascularised and immunogenic with a very adaptive and heterogenous tumour
microenvironment (Heidegger et al., 2019).
ProTide Drug NUC-7738 is a cordycepin analogue. Cordycepin has been shown to down-regulate cell proliferation and

To observe the effects of ProTide Drug NUC-7738 on
RCC and its microenvironment, more specifically, its
immune tumour microenvironment.

To observe if there are any differences in results
gained from in vitro studies and this ex vivo study.

growth, induce tumour apoptosis (Jin et al, 2018). It has also been shown to affect the tumour microenvironment
(TME), inhibiting the migration and invasion of tumour cells as well as disrupting interactions between the tumour and
its surrounding stromal cells.

* This experiment will test the efficacy of ProTide Drug NUC-7738 on RCC while considering factors reflective of in vivo
conditions. These factors include tumour heterogeneity and the tumour’s interaction with its microenvironment.

METHODS

Primary human RCC was collected immediately after
a nephrectomy. A portion of the collected tissue was
immediately fixed in formalin to serve as a control.
The tissue was sliced into 250um slices using a
vibratome.

Individual slices were treated in different drug
concentrations (control, 5uM, 12.5uM, 25uM,
50uM, 100uM) for 24 hours. One set of drug
concentrations were treated in normoxic conditions
and another in hypoxic (0.05% 0O2) conditions.

After treatment, slices were fixed in formalin and
subsequently embedded in paraffin.

3um slices were cut out of the paraffin blocks and
placed on slides.

The slides were stained with multiple fluorophores
to visualise co-expression of proteins on the same
tissue slice. The immunofluorescent stains were
grouped as follows:

RESULTS

pAMPK EXPRESSION

Control NUC-7738 25uM
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Figure 1. Visualisation of proteins AMPD2 and pAMPK using immunofluorescence. It can be

observed that pAMPK levels were raised throughout all the concentrations of NUC-7738 even in the
presence of AMPD2.

CLEAVED CASPASE 3 EXPRESSION Set 1 Set 2
Cleaved caspase 3 Cleaved caspase 3
NUC-7738 12.5uM NUC-7738 25uM NUC-7738 50uM NUC-7738 100uM P AMPK CD3
e AMPD2 CD8
= Pan cytokeratin Pan cytokeratin
. 3 DAPI CA9
2523 o Slides were then visualised under ZEISS Axio Scan.Z1
*3; E» *3 Y Images of the slides were processed through a
22 ‘;i 2 bioimage analysis software QuPath, to classify the
g g g g = different types of cells and quantify the percentage
LN S that expressed cleaved caspase 3.
= G Gl R oafh A Y S CONCLUSIONS
Figure 2. Visualisation of proteins cleaved caspase 3, CD3, CD8 and pan cytokeratin using Results suggest that NUC-7738 does indeed affect
imm%mofluorescepce vyith ?n oYet:Iay of 4 colours (legend to the left) achieved using QuPath to the AMPK signalling pathway, increasing the levels
classify the cells visualised in this image.
of pAMPK.
. HormeneA7EE . Hypoxic_7738 While initially postulated that AMPD2 would
s 10 metabolise the active form of NUC-7738 hence
Z I I I : decreasing the efficacy of the drug, this does not
R i I ' : i i , iI " 'I > : iI seem to be the case. This result, while initially
, @ <8 T ’ L\I & e e e e« unexpected, has been reproduced in in vitro studies,
@@‘\@ \\o“‘(’o ‘\0‘@’5‘@/ @3"\%/ {@«'\"’q” @//&""7 ° Q«fﬁ? 5 /&%.\,"’ § Y ,5\%%3’0 ,\,\@f’g indicating that this tumour response is unlikely to be
A A A due to the ex vivo conditions.
M Caspase 3 +ve T cell Caspase 3 +ve Tumour cell B Caspase 3 +ve T cell % Caspase 3 +ve Tumour cell %
Figure 3. Dynamite plots of the percentages of cleaved caspase 3 positive T-cells and tumour cells In normoxic conditions, results suggest that NUC-
in both normoxic and hypoxic conditions. 7738 triggers apoptosis in tumour cells at
Together, Figures 2 and 3 show that the percentage of cleaved caspase 3 positive (indicative of concentrations of 25uM and higher and in T-cells at
apodp.ttc.)sis) tumour cells and T cells increased with the increasing concentrations of drug in normoxic 100uM and higher, showing promise of its
?fire\ ;;?cr(\asn.tages of cleaved caspase 3 positive T-cells were generally higher in hypoxic conditions effectiveness as an anti-cancer drug.
than in normoxia, whilst the opposite was true for tumour cells. Hypoxia seemed to trigger an increased rate of

apoptosis in T-cells while a lower rate in tumour
cells. This could be because the lower oxygen levels
were not conducive for T-cells survival whilst
Schoning et al. (2016) suggest that hypoxia causes
some tumour cells to go into a quiescent state,
reducing efficacy of the drug.
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Renal cell carcinoma (RCC) is the eighth most common cancer in the UK, with over 44% of all cases detected at stages Ill or IV due to often asymptomatic early disease (1). Prognosis in late stage disease is especially poor, so
the advent of glutaminase inhibitors presents a novel opportunity to improve patient outcomes. Metabolic reprogramming is an emerging hallmark of cancer, with translation into the clinic in its nascency. RCC differs from
healthy tissue in that glutamine, rather than glucose, is the primary substrate for respiration. This is sometimes termed ‘glutamine addiction” or the Warburg Effect. Drug resistance is a common obstacle faced by patients with
cancer, and RCC is no exception. We hypothesise that CB-839 shows synthetic lethality when in combination with Drug X. The primary goal of this project is to investigate possible synergy between CB-839 and Drug X. With
better understanding of mechanisms underpinning resistance to glutaminase inhibitors it may be possible to enhance the drug’s clinical efficacy, with potential for translation into improved patient outcomes.
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3 cell lines of clear cell renal cell carcinoma (ccRCC) were used: 786-0, log[CB839](M) log[CB839] (M)
769-P and A704. Each line was cultured in either minimum essential Figure 4a Figure 4b
media (MEM) or RPMI, representing physiological or diabetic blood Graph of percentage survival of 769-P RPMI against Graph of percentage survival of 786-0 RPMI against
glucose concentrations respectively. concentration of CB-839. Ivhibition of.growth was observed concentration of CB839. In.hibition of gromh was observed
over a range of concentrations, spanning 0.5-100uM. over a range of concentrations, spanning 0.01-100uM
Methods Survival Curves for Drug X
Each cell line was treated with CB-839 and Drug X separately in order 769-P RPMI Drug X 786-0 RPMI Drug X
to establish baseline effects of each drug and to quantify IC50 values. 100%- 100%7]
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Cells were aliquoted onto flat bottomed 96 well plates at the desired 2 50%] 2 50%7]
seeding density, followed by 24 hour incubation at 37°C. Following § g 1
this, cells were treated with drug. Treated cells were then incubated 5 . g 1
for 72 hours, also at 37°C, after which time they were fixed with TCA. o o ]
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SRB is colorimetric assay used to quantify the percentage survival of Figure 5a Figure 5b
cells through staining and measurement of light absorbance (570nm). Graph of percentage survival of 769-P RPMI against concentration Graph of percentage survival of 786-0 RPMI against concentration
4 of Drug X. Inhibition of growth was observed over a range of of Drug X. Inhibition of growth was observed over a range of
( ) concentrations, spanning 20-100pM. concentrations, spanning 1-100pM.
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Figure 3 Figure 6a Graph showing relationship between drug concentration in combination (X axis)
96 well plate of 786-0 RPMI, treated with Drug X, SRB assay in progress. Intensity of purple Graph showing relationship between drug concentration (X axis) with light absorption (Y axis) in 786-0 RPMI. 0.5uM CB-839 was present in each
stain indicates confluency of cells. J L absorption of light (Y axis) in 769-P RPMI. well (except for control) with concentration of Drug X varied as shown above. y
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As outlined above, the primary objective of this vacational scholarship is to investigate our hypothesis, that CB-839 and Drug X show synergy when cells are treated with them simultaneously. While researching this idea, it
became apparent that drug synergy is a very strictly defined concept that can only be proven by rigorous, complex statistical analysis, namely by calculating a Cl index (see figure 7). ONLY if this analysis holds true and the
definition of synergy is fulfilled will any results benefit patients. The analysis is performed by CalcuSyn software, though as a prerequisite each drug must have a sigmoidal dose response curve with strong R-values (6). The
plateau effect seen with CB-839 (see figure 4b) complicated this, proving to be an obstacle to computational analysis. However, it is possible to comment, based on trends in the data, whether any relationship is present
between CB-839 and Drug X in combination; | will do so below.
i, . 3 . . IC,, of A in combination test Figure 7
= Additive/synergistic effect suggested with CB-839 + Drug X in 769-P RPMI line. I= — Equation for
. . " IC,, of A insingle drug test calculating
= Cell lines in MEM appeared more sensitive to each drug, compared to RPMI. IC. of Bi bination test o e
. . o . . 50 O 1n combination test quantifying
= 786-0 cell line is the most sensitive to each drug; 769-P RPMI is the most resistant. 50 — synergy. (7)
IC,, of Bin single drug test
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