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Background:

Diamond-Blackfan Anaemia (DBA)-like syndrome is caused
by rare mutations resulting in the expression of GATA1short
(GATA1s), an N-terminally truncated isoform of the key
erythroid transcription factor GATA1". This condition is
characterised by dyserythropoiesis and macrocytic
anaemia. Current therapeutic treatments like blood
transfusions and glucocorticoids face challenges such as
iron overload or intolerance to long-term steroid treatment?.

GATA1 is the master transcription factor of erythropoiesis
and regulates all aspects of erythroid maturation and red cell
functions. The GATA1 protein has three functional domains,
including an N-terminal activation domain, which is absentin
the GATA1s mutant protein, leading to impaired
erythropoiesis®. Whilst this is known, the molecular basis for
GATA1s dysfunction remains unclear. To investigate this, the
Strouboulis lab has used gene editing in human
proerythroblastic HUDEP-2 cells to create clones
expressing only GATA1s.

The host lab has also worked on the analysis of a mouse
erythroleukemic (MEL) cell line in which the Zfpm1 had been
knocked out. Zfpm1 codes for FOG-1, a closely interacting
co-factor of GATA1. Research showed that Zfpm1 knockout
MEL cells are deficient in terminal erythroid differentiation. In
addition, it was shown that cholesterol homeostasis,
important for the cell membrane properties of red cells, was
impacted by the Zfpm1 gene knockout in MEL cells.

The combined molecular characterisation of the cellular and
mouse models will help elucidate the biological basis for
GATA1s dysfunction and disease pathogenesis, which may
lead to the identification of novel therapeutic targets and
improve DBA diagnostic testing.

Aims:
This project aimed to:

(i) Investigate the molecular characterisation of
the dyserythropoietic phenotype in the GATA1s
celllines. To do this | first concentrated on
culturing and differentiating the cells and then
carried out an assay for intracellular calcium
levels.

(i) Assess the expression levels of SREBP2
protein, a key transcription factor for
cholesterol homeostasis in the Zfpm1
knockout MEL cells.

Materials and Methods:

HUDEP-2 Cell Culture — Cells were thawed and suspended
in StemSpan media. The cells were then spun down at 1200
bpm for 7 minutes, resuspended in 1 mL of StemSpan and
counted using a cell counter. A concentration of 1 x10°
cells/ml was maintained in the StemSpan medium
containing the cytokines 50 ng/ml SCF, 3 U/ml EPO, 1 uM
dexamethasone and 1 ug/ml doxycycline. Total medium
changes were performed every other day, keeping the
concentration of cells the same. On Day 8 of expansion, the
cells were put in the differentiation IMDM medium
containing the cytokines 10 ng/ml SCF, 1 ng/mlIL-3, 3 U/ml
EPO, 1 U/ml Pen/strep and 1 ug/ml doxycycline (only on DO-
D4). Total media changes were performed every other day.
FACs was used every other day to analyse early
differentiation markers and detect apoptosis by Annexin V
staining.

Calcium assay of HUDEP-2 cells - HUDEP-2 wild type
(WT) and GATA1s clones 12 and 33 were taken on Day 0 and
Day 4 of differentiation. A colorimetric calcium assay was
carried out in duplicate using the ab102505 Calcium Assay
Kit.

Western blot of FOG-1 knockout MEL nuclear and
cytoplasmic extracts — Nuclear MEL extracts and
cytoplasmic extracts were thawed, and samples were
prepared with 25 ug of protein, 6x loading buffer and dH20
to a final volume 40 uL. After heating at 95C for 5 minutes,
the samples were loaded onto gels with a molecular marker.
The gels were run at 70V for 20 minutes, then at 110V until
the molecular weight ladder reached the bottom of the gel.
Then gels were transferred to nitrocellulose membranes and
blocked in 5% BSA with Tris-buffered saline (TBST).
Membranes were incubated overnight with control protein
loading antibodies including anti-HDAC2 for nuclear extracts
and anti-actin for cytoplasmic extracts. Western blots were
developed by ECL mixture added to each membrane and
imaged with the Biorad ChemiDoc. Then membranes were
stripped and blocked in 10% milk with PBST, and re-probed
with an anti-SREBP2 antibody overnight. Following anti-
rabbit secondary antibody incubation, ECL mixture was
added, and membranes imaged.

MEL Cell Culture and protein membrane extraction for
western blot analysis — MEL cells were grown in DMEM
medium and after 1 week of expansion, differentiated by
DMSO induction for 4 days. Membrane protein extracts were
collected at DO, D1, D2, D3 and D4 of differentiation using
the mem-PER extraction kit. Then, these protein membrane
extracts were used in a Western blot with anti-ABCA1 and
anti-LDLR antibodies and the protein loading control anti-
ATP1A1. Protein loading per lane was normalised to 100,000
cells per lane.
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The flow cytometric profile of WT cells on Day 0 of differentiation showed only the proerythroblasts (Pro-e) to be present. On Day

2, there were Pro-e, early basophilic (EB) and late basophilic (LB) differentiation stages detected, indicating that differentiation

had occurred (Figure 1A). The Annexin V data showed high apoptotic levels on Day 0, this may be due to stress on the cells from

medium changes. By Day 2 apoptotic levels had decreased to 2.86% (Figure 1B).
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Figure 1 A-B - D0 and D2 Waterfall
and Annexin V data from WT
HUDEP2 cell culture.

A: Waterfall data analysing early
differentiation markers. On DO there
were only Pro-e detected. On D2 there
were Pro-e, EB and LB stages
detected.

B: Annexin V data detecting apoptosis.
On DO, Annexin V positive is 8.8%. On
D2 apoptosis levels reduced to
2.86%.

BS530-A :: Annexin V

D2_HUDEP WT D2.fcs
Single Cells
9585

Calcium assay:

Calcium levels increased between Day 0 and Day 4 of differentiation. There was not a significant difference in calcium levels
between the WT and GATA1s cell lines (Figure 2). The assay should be repeated with biological replicates instead of technical

replicates.
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Figure 2 - HUDEP-2 cell lines colorimetric calcium

Graph shows quantitative levels of calcium in WT,
Cl33 and Cl12 cell lines from Day 0 and Day 4 of
differentiation in duplicate.
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Western blots of FOG-1 knockout MEL cytoplasmic and nuclear extracts:

Cytoplasmic and nuclear extracts were obtained from WT MEL cells and the three FOG-1 knockout clones D3, C8 and G9, that
were either non-differentiated (or non-induced) or induced to differentiate. Extracts were probed for SREBP2 (Figure 3). The
cytoplasmic extract shows uneven loading for the actin control, which affected the normalised cytoplasmic 75 kDa SREBP2 levels.
This may be due to FOG-1 knockout impacting actin levels, so this western blot should be repeated. All the western blots show
multiple bands indicating SREBP2 protein is cleaved. The nuclear extracts show differences in SREBP2 levels between the WT and
FOG-1 knockout clones (Figure 3B).

A Cytoplasmic extract MEL Nuclear extract MEL NUN nuclear extract MEL
o g & FYF Sy s s froroy A I A
v 8§58 & 5 8 - F88 88688 oo ¥ &8 878688
o L ol = o S = - -
9= . 2 sreeez|| o - 95— -
il ..... ..'. T— [ —— W ws —> SREBP2 - S WSS WSS wew e —>SREBP2
. . e - 72- " 72 - =
55- Sy — — —
55— -y 55— —
PR - D GED G - —
s S 43— Pr—
B eO®e, . o0® ~ o - . -
26 - - R £ - n s 34—
17~ - bivyid - = "
o ¥ & 88 §F & & & 0 s 6 68§ 88 o SR LR
i - BB - = |== -
95~ . ook 95— e - - - i
“ 7 e GBS GDED D@ — oic)| T e — - - 5D Wy — Horc
55— — — —
— Actin 55—y - - -
43~~‘ - - _---__ . ok . —
- - - ——
44-‘ - 34~ — 34~
26— - - -—
26 26 —
B Cyt - SREBP2 75 kDa N.E. - SREBP2 75 kDa
515 - 5 101
S L]
» % 0.8 —
@
10 o 3
= ~ 0.6
o o
@ o
w W 0.4+
% 5 1 i
2 2 024
kS 5
£ 0 - & T T
Con v e Ca NN N ¥
SO SR A X PR -SR-S S LS ST R & ¢ &
o oY oY o d & L N S et ¥ of
N B D § & o & 6 g
@(" L I <] @Q\f P P & o @{o- LS R i <)
Figure 3 A-B: Western blots and quantification of FOG-1 knockout MEL
NUN N.E. - SREBP2 75 kDa cytoplasmic and nuclear extracts with anti-SREBP2 antibody and protein
3 159 loading controls.
“
E 104 A: Western blots of the FOG1 knockout cell lines non-induced and induced to
E differentiate. A 75 kDa SREBP2 band is present on each western blot, and
] s . . .
W other smaller bands indicating cleaved SREPB2 protein fragments. Anti-actin
0.5+ . . . .
A loading control was used for the cytoplasmic extract and anti-HDAC loading
-
= control for the nuclear extracts.
& 0.0-
FOPC T & & & B: Quantification of 75 kDa SREBP2 band levels of each western blot,
i S v A ) ) ) . .
& & normalised against the protein loading controls.
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Impact and future directions of work:

This project addresses an unmet need to understand the
molecular basis of DBA-like syndrome caused by mutations
affecting the GATA1 transcription factor. This will have
broader implications in understanding how transcription
factor mutations give rise to disease and, in the long term,
will also aid in developing targeted therapies as transcription
factors are notoriously difficult to target. Ultimately, my
project is crucial to further the research group's mission to
improve patient outcomes by enhancing diagnostic accuracy
and identifying novel therapeutic strategies for DBA and
related disorders.

In addition, my work showed that SREPB2 is affected by the
FOG-1 knockout in MEL cells, which may affect expression
of downstream SREPB2 gene targets, thus affecting
cholesterol homeostasis in the knockout cells.

Departures from original project plan:

Due to time constraints, | did not use CRISPR/Cas9 to
knockdown or knockout proteins, instead | used cell pellets
to make protein extracts to carry out Western immunoblot
analysis on HUDEP-2 and MEL cell extracts.

Value of the studentship:

After two years studying the theory surrounding
Biochemistry, this studentship has allowed me to gain
hands-on laboratory experience. During this time, | have
learnt and gained confidence in tissue culture, induction of
terminal erythroid differentiation, protein extraction,
Western immunoblot analysis, and phenotypic analysis by
flow cytometry. Apart from acquiring these experimental
skills, | also learnt to plan and troubleshoot experiments,
reporting on my findings to the immediate supervisor and
presenting to the Pl in regular meetings, thus honing
presentation skills.

Currently, | am deciding what | want to pursue after
university, and this project presented the unique chance to
delve into the practical application of my knowledge and
explore life as a postgraduate research student first-hand.
Collaborating with experts from a different university has
exposed me to different perspectives and specialised
backgrounds, enriching my understanding of the field.
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