
Tamoxifen erythroid toxicity revealed by studying
the role of nuclear receptor co-activator 4 in 
erythropoiesis

We read with great interest the paper recently pub-
lished by Santana-Codina et al.1 about the cell
autonomous and non-autonomous role of nuclear recep-
tor co-activator 4 (NCOA4). NCOA4 is a cargo receptor
that, in conditions of iron deficiency, promotes fer-
ritinophagy to release iron from ferritin.2,3 Inactivation of
Ncoa4 in C57BL/6 mice causes mild microcytic anemia
and increases the susceptibility to iron-deficiency anemia
due to iron being trapped in ferritin in several organs.3,4 To
formally prove the role of Ncoa4 inactivation on erythro-
poiesis, a tamoxifen-inducible CRE-dependent 
Ncoa4-null model was generated.1 Five days of tamoxifen
treatment induced Ncoa4 depletion in adult Ncoa4-floxed
mice (Ncoa4rec). Seven days after tamoxifen discontinua-
tion, a rapid and transient normochromic normocytic
anemia was observed (corresponding to day 11 from the
first tamoxifen injection); recovery started 14 days after
drug interruption (corresponding to day 18 from the first
tamoxifen injection).1 Based on these results, the Authors
conclude that NCOA4 is essential for acute erythro-
poiesis expansion in adult mice, as in germ-line 
Ncoa4-knockout (ko) neonates who develop severe post-
natal anemia.5 

We were puzzled by the rapid development of anemia
and the prompt recovery in tamoxifen-treated animals,
and wondered whether such an effect could be related to
tamoxifen toxicity on Ncoa4 null erythroid cells. To
address this point, we challenged adult germ-line 
Ncoa4-ko mice with tamoxifen, using the same protocol

as in Santana-Codina et al.1 Briefly, 12-week old Sv129/J
Ncoa4-ko and wild-type littermates received 200 mg/kg
tamoxifen via oral gavage daily for five consecutive days
(day 0-4) and complete blood count was obtained at days
0, 4, 11 and 21. We chose mice on Sv129/J background
that, unlike C57BL/6 Ncoa4-ko animals,4 do not show
anemia or alterations of iron parameters but only mild
microcytosis (Figure 1 and Nai et al., 2019, manuscript in
preparation). At day 4, only Ncoa4-ko mice showed a sta-
tistically significant decrease in red blood cell (RBC)
count, and hematocrit (Hct) and hemoglobin (Hb) levels.
At day 11, also wild-type mice showed a reduction in
RBC count and decreased Hb and Hct, although for the
latter two parameters levels were higher than those of
Ncoa4-ko mice. At day 21, hematologic parameters start-
ed to recover in both genotypes. Mean corpuscular vol-
ume and mean corpuscular hemoglobin, low in germ-line
Ncoa4-ko mice, were not significantly altered (Figure 1).
The tamoxifen effect on erythropoiesis was not strain-
related, since it was also observed in C57BL/6 wild-type
mice (Online Supplementary Table S1). Thus, acute tamox-
ifen treatment, commonly used to induce gene inactiva-
tion in CRE transgenic mice, may decrease RBC, Hb and
Hct in wild-type animals, with a quick recovery upon
drug discontinuation. The effect was stronger in Ncoa4-
ko animals, suggesting greater sensitivity to the drug. 

A similar bias likely affects the phenylhydrazine (PHZ)-
based experiments performed by Santana-Codina et al. to
induce hemolysis during tamoxifen administration.1 It is
reasonable to suppose that the more severe anemia
developed by Ncoa4rec mice results from the hypersensi-
tivity of Ncoa4-null erythroid cells to tamoxifen toxicity,
rather than from increased hemolysis. In support of this
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Figure 1. Hematologic parameters of Ncoa4-ko mice treated with tamoxifen. Ten-week old Sv129/J Ncoa4-knockout (ko) mice and wild-type (wt)  littermates,
both males (5 wt and 4 Ncoa4-ko) and females (5 wt and 3 Ncoa4-ko), were administered 200 mg/kg tamoxifen (Sigma-Aldrich, T56548, 20 mg/mL in corn oil)
via oral gavage daily for five consecutive days (day 0-4). Complete blood count was determined at days 0, 4, 11 and 21. Error bars indicate Standard Error.
Statistically significant differences between Ncoa4-ko and wt mice at each time point: *P<0.05; **P<0.01; ***P<0.005. Statistically significant differences
versus untreated mice of each genotype at each time point: #P<0.05;  ##P<0.01; ###P<0.005.
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hypothesis, after PHZ administration, anemia was similar
in mice with constitutive erythroid Ncoa4 deletion and in
controls.1 The Authors claim that this discrepancy might
be due to a NCOA4 effect in non-erythroid tissues; how-
ever, to formally prove this assumption, Ncoa4rec mice
should have been treated with PHZ at later time points,
i.e. after recovery from tamoxifen toxicity.

NCOA4, originally identified as a co-activator of the
androgen receptor, was shown to regulate the activity of
additional nuclear receptors, including the estrogen
receptors.6 Estrogen modulates erythroid differentiation
in a variety of ways7,8 and tamoxifen, as a selective estro-
gen receptor modulator (SERM), can behave as an estro-
gen agonist or antagonist, depending on the tissue-specif-
ic balance among co-activators and repressors.9 Of note,
patients treated with tamoxifen may develop anemia as a
side effect (1-10% of cases; Apotex Inc., Toronto,
Ontario, Canada. Product monograph. APO-TAMOX.
Control number: 201525. Date of revision: Feb 19 2018).
Several other nuclear receptors, such as peroxisome pro-
liferator-activated receptor α, glucocorticoid receptor and
thyroid hormone receptor b, whose activity is influenced
by NCOA4, regulate erythroid progenitor self-renewal or
terminal differentiation.5,10 Thus, it is not surprising that
the genetic ablation of NCOA4 enhances the toxicity of
tamoxifen on erythroid cells. Further studies are required
to clarify the mechanisms of tamoxifen toxicity on the
erythroid compartment and of the increased susceptibili-
ty of Ncoa4-null cells. However, our findings question an
essential role for NCOA4 in erythropoiesis, considering
the acute anemia described in Ncoa4rec mice1 to be the
result of tamoxifen toxicity rather than of Ncoa4 deletion
per se. The real effect of Ncoa4 deficiency in Ncoa4rec mice
becomes evident at a later time point (day 46), when also
microcytosis develops (see Figure 2 in Santana-Codina et
al.1), probably secondary to iron sequestration into fer-
ritin and iron restricted erythropoiesis. 

In conclusion, our results uncover a previously unrec-
ognized suppressive effect of tamoxifen on erythroid
cells, the severity of which is increased by the loss of
NCOA4. As a consequence, NCOA4 function in the set-
ting of acute erythropoietic expansion and increased iron
demand needs to be reconsidered. In addition, in murine
models featuring tamoxifen-induced Cre-dependent gene
ablation, tamoxifen toxicity should always be monitored,
and hematologic data in the 14 days following tamoxifen
treatment should be interpreted with caution.
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