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COLOUR CODE USED THROUGHOUT THESE NOTES

G1 / GO SIGNALS “ G2 / CHECKPOINTS M PHASE / CANCER DAMAGE / DRUGS

LEARNING OBJECTIVES — tick off as you go

[0 Describe the phases of the cell cycle and their timing.
[0 Explain cyclin—CDK control, CDK inhibitors, Rbo—E2F and p53.

[ List the checkpoints and the stages of mitosis.

[ Describe mitotic errors, apoptosis and links to cancer.

I Apply cell-cycle drugs to O&G — methotrexate, taxanes, platinum, fertility preservation.

1 The Cell Cycle

IN ONE LINE: Grow (G1) - copy DNA (S) > check (G2) - divide (M). Cyclin—CDK pairs push the cycle
forward; Rb and p53 are the brakes; checkpoints stop it when something is wrong.

The cell cycle and its engines (cyclin-CDK pairs)
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G2/M — drives mitosis

p21 (from p53), p27, p16 (INK4A — CDK4/6)

CDK levels steady; CYCLINS rise and fall (made, then destroyed)

Figure 1. Cell cycle phases and cyclin—CDKs.
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The two big brakes
Rb — the G1/5 gatekeeper p53 — guardian of the genome
[ growth signals — cyclin D-CDK4/6 ] [ DNA damage / stress = ATM/ATR = p53 T ]
Rb + E2F (brake ON) Rb-P (brake OFF) P21 = CDKs off APOPTOSIS .
— ARREST + repair (Bax, PUMA)
E2F free = S-phase genes MDM2 normally degrades p53. HPV Eé targets p53 for destruction.
(cyclin E, DNA polymerase) p53 mutated in > 50% of cancers (high-grade serous ovarian ~96%);

germline TP53 = Li-Fraumeni.

p16 blocks CDK4/6 (keeps the brake on).
Lose Rb (retinoblastoma; HPV E7 binds Rb) — no brake
CDK4/6 inhibitors (palbociclib...) restore it — ER+ breast cancer.

Figure 2. Rb and p53.

2 Checkpoints

Checkpoint What it checks / key players ‘
G1/S (restriction point) Growth signals, size, DNA damage — p53 - p21; Rb—E2F. Point of no return
Intra-S Replication stress — ATR

G2/M Complete, undamaged DNA before mitosis — ATM (double-strand breaks)

Every kinetochore attached to both poles before anaphase — MAD2, BUB1,

il B arenl i) BUBR1; failure - aneuploidy

3 Mitosis

Mitosis — 'PMAT' (+ prometaphase and cytokinesis)

PROPHASE PROMETAPHASE METAPHASE ANAPHASE TELOPHASE CYTOKINESIS

chromosomes condense nuclear envelope breaks; line up at the plate; SEPARASE cuts cohesin nuclear envelopes actomyosin ring
(2 sister chromatids}); microtubules grab bi-oriented; SPINDLE —+ chrematids pulled re-form; chromosemes - cleavage furrow

spindle forms KINETOCHORES CHECKPOINT apart decondense — 2 diploid cells

Figure 3. Stages of mitosis.

MNEMONIC / MEMORY HOOK

'l Picked My Apples Today' — Interphase, Prophase, Metaphase, Anaphase, Telophase (prometaphase sits
between P and M; cytokinesis finishes).

Feature Mitosis Meiosis (Lecture 103)
Purpose Growth, repair Gametes
Divisions / products One - 2 diploid identical cells Two - 4 haploid unique cells

Homologue pairing /

crossing over No Yes (prophase |, pachytene)
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Duration ~1 hour Days (sperm) to decades (oocytes)

e Mitotic errors: non-disjunction in early embryo - mosaicism (most embryonic and confined placental
mosaicism is post-zygotic); lagging chromosomes - micronuclei; failed cytokinesis = tetraploidy (normal in
megakaryocytes, hepatocytes); chromothripsis — one chromosome shattered and rejoined in one
catastrophic event.

4 Cell Death

Apoptosis — programmed cell death

EXTRINSIC: death ligand INTRINSIC: DNA damage, stress NECROSIS
(FasL, TNF) = receptor = BAX/BAK beat BCL-2
uncontrolled: swelling, membrane rupture, INFLAMMATION
v Other
mitochondria = CYTOCHROME ¢ autophagy, senescence, necroptosis, pyroptosis, ferroptosis
caspase 8
v Too little

T TR ETErG cancer — BCL-2 up in follicular lymphoma t(14;18)

/ Physiological

corpus luteum regression, endometrial shedding, atresia of
follicles, digit separation, Miillerian regression (AMH)

EXECUTIONER CASPASE 3 = shrinkage, chromatin
condensation, DNA ladder, apoptotic bodies, NO inflammation

Figure 4. Apoptosis vs necrosis.

5 Cancer and Drugs

¢ Tumour suppressors: Rb, TP53, p16 (CDKN2A), APC, BRCA1/2. Oncogenes: MYC, cyclin D1, CDK4, RAS. Stem
cells: short G1, long quiescent GO, asymmetric division; embryonic stem cells have a weak G1/S checkpoint.

Drugs that act on the cell cycle — O&G examples
S PHASE — antimetabolites METHOTREXATE (DHFR | — no purines/thymidine): ectopic, GTN « 5-FU  gemcitabine » hydroxycarbamide (sickle)
M PHASE — microtubules TAXANES (paclitaxel) STABILISE » VINCA (vincristine) BREAK DOWN — both stop at metaphase (ovary, cervix, endometrium; vincristine in EMA-CO)
ANY PHASE — DNA damage PLATINUM (cis/carboplatin) crosslinks; alkylators (cyclophosphamide, ifosfamide) — GONADOTOXIC
TOPOISOMERASE etoposide (topo Il — EMA-CO), topotecan / irinotecan (topo 1)
G1 — CDK4/6 inhibitors palbociclib, ribociclib, abemaciclib + endocrine therapy for ER+/HER2- breast cancer

REPAIR — PARP inhibitors olaparib, niraparib — BRCA/HRD ovarian cancer (synthetic lethality)

Why they hurt: rapidly dividing normal cells — marrow, gut, hair follicles, GONADS (offer fertility preservation), and the embryo (avoid 1st trimester).

Figure 5. Cell-cycle drugs.
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The cell cycle in O&G practice

ECTOPIC (NICE NG126) GTN (molar follow-up) OTHER POINTS

« Offer MTX first-line if ALL: no significant pain, * Low risk (FIGO < 6): methotrexate + « Methotrexate is TERATOGENIC (also RA/
unruptured, mass < 35 mm, no heartbeat, folinic acid; actinomycin D second line psoriasis doses) — stop months before conception
hCG < 1500 IU/L, can attend follow-up

© High risk (2 7): EMA-CO « Chemo in pregnancy: avoid 1st trimester; many
regimens possible later with MDT
* hCG 1500-5000: offer MTX OR surgery

* UK: register with Sheffield / Charing Cross /
Dundee; serial hCG % ; -
* 50 mg/m? IM; hCG days 4 and 7 * Ki-67 = proportion of cycling cells
(2 15% fall), then weekly (higher — more aggressive)

« Highly chemosensitive — cure ~100% low risk

» Avoid pregnancy for 3 MONTHS (folate) « GnRH agonists may partly protect ovaries

& o > & J

Figure 6. Methotrexate and GTN in O&G.

% PEARL

Cyclin D-CDK4/6 phosphorylates Rb - E2F free - S phase. p53 - p21 -> arrest (or apoptosis). Taxanes
stabilise, vinca alkaloids break down microtubules.

Ectopic: MTX first-line if hCG < 1500, unruptured, no heartbeat, mass < 35 mm, little pain (NICE); avoid
pregnancy 3 months after.

6 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

~24 h ~8/4/1h > 50% 50 mg/m?
Typical cycle S/G2/M Cancers with TP53 mutation MTX ectopic dose
<1500 >15% 3 months <6/27
hCG for 1st-line MTX hCG fall day 47 Avoid pregnancy after MTX GTN low / high risk

HIGH-YIELD CHECKLIST

O GO, G1, S, G2, M; interphase = G1 + S + G2; G1 most variable.
Cyclin D—CDK4/6, E-CDK2, A—CDK2, A—-CDK1, B—CDK1 (MPF).
Inhibitors p21, p27, p16; Rb—E2F; HPV E7 - Rb, E6 - p53.

p53 = p21 arrest, apoptosis, senescence; Li—Fraumeni.
Checkpoints: G1/S, intra-S (ATR), G2/M (ATM), spindle (MAD2).

PMAT + prometaphase; separase cuts cohesin at anaphase.

OO0Oo0o0oOoao

Mitotic non-disjunction - mosaicism; chromothripsis.

[0 Apoptosis: extrinsic caspase 8, intrinsic cytochrome ¢ = caspase 9 - caspase 3.
[0 Taxanes stabilise, vinca destabilise; MTX, 5-FU (S); platinum; CDK4/6 inhibitors.
[0 MTX for ectopic/GTN; teratogenic; fertility preservation.
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Self-assessment — cover the right-hand column

Question ‘ Answer

Most variable phase of the cycle? Gl

Cyclin—CDK that drives mitosis? Cyclin B—-CDK1 (MPF)

What frees E2F? Phosphorylation of Rb by cyclin D—-CDK4/6
How does p53 arrest the cycle? Induces p21, a CDK inhibitor

Which HPV protein targets Rb? E7

Enzyme that releases sister chromatids? Separase (cleaves cohesin)

Origin of most embryonic mosaicism? Post-zygotic mitotic errors

Taxane vs vinca mechanism? Taxanes stabilise; vinca prevent assembly
NICE first-line MTX hCG threshold for ectopic? <1500 IU/L (choice MTX or surgery 1500-5000)
Low-risk GTN first-line drug? Methotrexate with folinic acid

7 References
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