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Fanconi Anemia

Guido Fanconi, MD - 1927



Cytogenetic test supports the clinical diagnosis




Table 1. Summary of the Fanconi Anemia pathway, genes, proteins, and

functions.

Complementation Gene Chromosome Protein  Motifs Required for D2

Group location weaight monoubiguitination

(kD)

A FANCA 16g24.3 163 MLS, MES yes

B FANCE Xp22.31 85 MLS Yas

c EANCE Gg22.3 63 rIane yas

o1 FANCD1, 1391213 380 BRC repeals no
BRCAZ
FANCDZ2  3p253 155162 none yas

E FANCE Gp21.22 60 MLS yes

F FANCFE 1p15 42 rIane yes

G FANCG/  ®9p13 6 TPRs yas
XRCCY

i FANCI 15g25-26 146 rrone yas
KiAA1794

J FANCWY 17 g22-24 ATPasal 1o
BRIF1/ helicasea
BACH1

L FANCL! 2p16.1 43 Edligase  yes
FHEY

A FANCM 14g21.3 250 ATPasa,

O,
translocase

M FANCNY 16p12 130 WD40 yla]
FALBZ2

8] FANCOY 17923 ar RADS1 i
RADSIC paralog

P EANCEY 16p13.3 268 aivkrucieasa no
SLx4

Q FANCOY 16pi13.12 100 erdonudease no
KPR

ERCC4

D I
Kupfer GM (2013) Yale J Biol and Med; 86: 491-497



The FA-BRCA pathway

Repair of DNA damage caused

by ICL agents and maintenance

of genomic integrity during the
replication process

ubiguitination

Migration
to
damaged chromatin

_

FA core complex

4;

Justo GA & Rumjanek VM (2015) in press



FA DNA repair pathway

Multifunctionality of the FA proteins

FANCA

FAMCE

FAMNCC

FAMCE

FAMNCF
FANCG/XRCCS
FANCL/POG
FANCM

FANCD2
FANCI

FANCP/SLX4
FANCOQ/XFF

FANCD1/BRCAZ
FANCJ/BRIP1
FANCN/PALB2
FANCO/RADS1C

Other functions in DNA repair

FA Core complex. FAN(:GI}(HCCQ
Monoubigutinates FANCD2
FANCD2 and FANCI FANCD1/BRCAZ2
in response to DNA

damage FANCM

FANCP/SLX4

FANCD1  FANCN

A C e substrat FANCD2 FANCO
ore complex substrates. FANCQ/XPF
Monoubigutinated FANCD2 FANCJ FANCP _
is required for incisions, FANCM FHNCQ FANCD1/BRCAZ
TLS and HR FAMCI/ERIP1
FAMCN/PALE2
Muclease complex. FANCO/RADS1C

Required for incision(s) at the

site of crosslinked DNA FANCI/BRIPT

Homolgous recombination.
BRCA/RADS1-mediated

Homlogous recombination.
They form a complex with
XRCC3.

| Interacts with BLM

Interacts with MUS81/EMET and
S5LX1. Holliday junction resolvase

Telomere maintenance

| NER and some HE transactions.

DEBS repair.

| G quadruplet resolution.

Other functions

repair. FANCC

FANCC
FANCG

FANCL

| Modulates PKR, STAT1, Hsp70
I Interact with REDOX factors

I Falyubiguitinates f-catenin

1\

\
Garaycoechea JI and Patel KJ (2014) Blood; 123 (1): 26-34



The FA pathway

AN

DNA damage DNA damage Oxidative stress
sensing/signaling Repair /cytokines
ATM HR EDS ;
TLS oxo3a
QI'T“ TNF-alpha
IFNgamma
STAT1

FA mutations

¥

\

Cancer

Conglnital Bone mar)ow faliure
abnormalities /leukemia

Li J & Pang Q. Antioxid Redox Signal. (2014) 20(14):2290-301



Cancer and Immunology
in Fanconi anemia

INTRINSIC
IMMUNE CELL PROGENITOR
DEFECTS CELL DEFECTS RESULT
- hypersensitivity
hypictwe to apoptotic cues
' — i ==p BONE MARROW
S suppressive FAILURE
- microenvironment| Féduced HSC
repopulating ability
hypoactive *&\ﬁ\\i‘%\;\\\%ﬁ\\\%\\%‘\
&Y | inparedumor | SN NN | ™ CARCINOGENESIS
surveillance chromosomal
Instability

Fagerlie and Bagby, 2006
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FA patient code
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Chart of FA patients by age and Hematological clinical data
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G2 cells phase (%)

FA cells in the G2 cell cycle phase
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SubG1 cells (%)

Percentage of lymphocytes on Sub-G1 cell cycle phase
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Annexin V * cells (%)
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Percentage of cells on spontaneous and
PHA activated induced apoptosis
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Apoptosis in peripheral lymphocytes
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Fas expression (AMFI)

Increased Fas expression and relation to increased apoptosis
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Fig. 1. Expression of Fas receptor in PBMC from FA patients and control samples.

Baruque GA et al, Eur J Haematol 2005: 75: 384-390



Apoptosis on the Fas subgroups
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Fig_ 4. Spontaneous apoptosis in 24 h PBMC cultures from FA patients and control samples.
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Fig. 5. Activation-induced apoptosis in 24 h PBMC cultures stimulated with 5 pg/mL PHA from FA patients and control
samples.



Normal BCI-2 expression on Fanconi anemia patients
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Bax expression on Fanconi anemia patients
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Direct relation between high Bax expression and increased apoptosis in Fanconi anemia
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Figure 4. Percentage of secondary necrosis in the Bax subgroups (high and low). Scatter plots represent: (a) spon-
taneous cell death; (b) activation-induced cell death. Ctr = control samples (n = 14); Baxhigh (5 = 15), Bax!®¥ (n=7).
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Conclusions

The results, obtained with samples from 26 FA patients, confirm that
lymphocytes of the majority of FA patients are more susceptible to cell death,
especially activation-induced, that the death process has features of both
necrosis and apoptosis, and that this susceptibility is associated with
increased Bax expression.

The results also suggest that the mitochondrial pathway is involved in the
majority of FA samples.

The extrinsic pathway that depends on the activation of death receptors is
also involved by the increased expression of Fas receptor, but Bax showed to
be a better indicator of apoptosis than the Fas receptor in lymphocytes of FA
patients.

Despite this apparent increased susceptibility of peripheral lymphocytes to
apoptotic induction, no correlation could be observed between these proteins
levels (Bax and Fas) and the various haematological parameters or androgen
therapy.
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Interleukin-10 expression in the immune system
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Cytokines and Hematological Clinical features
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Conclusions

 increased plasma levels of TNF-a and INF-y were observed in 24%
and 23% of the patients, respectively, without a correlation between
the levels of the two cytokines, suggesting independent phenomena

« Elevated IL-10 plasma levels were also observed in 25% of the FA
patients, but no correlation was seen between IL-10 and IFN- vy

« QOur data suggest that augmented pro-inflammatory cytokines’ levels
are present together with bone marrow hypocellularity, a feature that
was not observed with IL-10 or TGF- 3

« Levels of TGF-B showed a high variation among the healthy controls
and were within the normal range in FA samples, but correlated with

IL-10 plasma levels



PBMC Lymphocyte populations of FA patients
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peripheral blood CD56bright gjye rise to CD569m NK cells.

Proliferative
potential

CD56 bright CD56 dim CD56 dim CD56 dm
CDY4+++ CD94++ CDo4+ CD94=+
KIR™ KIR KIR= KIR*
CD16” CD16= CD16" CD16**
perforin: perforin® perforin** CD57

perforin***

Lorenzo Moretta Blood 2010 116: 3689-3691



Natural Killer cells and its main subsets CD569m+ and CD56Pright+
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CD569m+ and CD56%"ight+ Natural Killer subsets based on CD16 expression
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Conclusions

« Adecrease in the number of cytotoxic CD8* T cells and CD569mCD16+ NK cells,
was observed, but not in the number of CD4 T cells

 the diminished number of CD8 T cell lymphocytes observed in this work
suggests that it may lead to higher rates of vulnerability to infections observed in
FA patients

« Total NK levels were within the normal range, but there was an imbalance
between its main cell subsets CD56°"9"t and CD564™; with the prevalence of the
more undifferentiated population NK CD5gPright

» Qur results showed that additionally to a defect in the cytotoxic response, FA
cells seem to present a defective differentiation of NK cells in their
subpopulations:

- CDb5ePrant NK cells were increased in patients with bone marrow hypocellularity,

- decreased levels of NK CD569™CD16+ cells were observed in patients with

normal hematological clinical features.



Increased apoptosis

i

Altered cytokine and ROS levels

i1

Impaired differentiation and immune plasticity

|

Lost of immune homeostasis and host protection

|

Increased predisposition to cancer
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