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Damage to polyunsaturated fats causes ferroptotic cell death. In this issue, Deng et al.1 show that the incor

poration of the fatty acid DHA into membranes is controlled by the protein UBXD8, as a natural mechanism to 

prevent overloading cells with dangerous fat, preventing ferroptosis.

Amid the popularity of fish oil supple

ments and health-promoting diets such 

as the Mediterranean diet, which leans 

into copious consumption of olive oil, it 

might be easy to forget that fat hasn’t 

always been at the center of food and 

diet. Fat was once regarded as a simple 

source of energy, and its biological 

impact was mostly ignored for much of 

human history. Experiments in rodents 

with limited dietary fat suggested that fat 

molecules, known as lipids from the 

Greek λίπος (lipos) for fat, were not essen

tial for animal development. However, 

that consensus shifted when researchers 

rigorously excluded fats from animal 

diets and rodents failed to develop nor

mally.2 The lipids known as li

noleic acid and α-linolenic 

acid were discovered to be 

essential for mammals; thus, 

the term essential fatty acid 

was coined and came into 

common use. This discovery 

laid the foundation for the 

vast field of lipid biology and 

nutrition.3

These two essential fatty 

acids are converted biosyn

thetically into longer chain 

polyunsaturated fatty acids 

(PUFAs), including arachidonic 

acid (AA), eicosapentaenoic 

acid (EPA), and docosahexae

noic acid (DHA). While 

omega-6 PUFAs, such as AA, 

give rise to pro-inflammatory 

mediators, omega-3 PUFAs, 

such as DHA, are anti- 

inflammatory.4

While omega-6 and omega- 

3 fats have opposing roles on 

inflammation, they share a biological func

tion as drivers of the cell death process 

known as ferroptosis.5 Ferroptosis in

volves the iron-dependent oxidation of 

PUFA-containing lipids and has been 

implicated in a variety of diseases and 

normal biological processes.6 PUFAs 

such as AA and DHA are susceptible to 

oxidation due to the positioning of the mul

tiple carbon–carbon double bonds within 

these molecules.

PUFAs sensitize cells to ferroptosis and 

directly induce ferroptosis via increased 

production of PUFA-containing lipids7; 

their ferroptosis-promoting effects require 

that they become incorporated into 

larger membrane lipids. Lipids with either 

omega-6 or omega-3 PUFAs incorporated 

(or both) can be oxidized to drive ferropto

sis.8 It has not been clear whether cells 

control their propensity to undergo ferrop

tosis via limiting the extent of PUFA incor

poration into membrane lipids; we now 

have the answer to this question from 

Deng et al.—yes, they do.

Deng et al. report the discovery of a 

fatty-acid-sensing mechanism that limits 

the accumulation of PUFAs into larger 

lipid structures within cell membranes 

(Figure 1). The authors found that the 

sensor protein UBXD8 activates the 

enzyme AGPAT3, which promotes incor

poration of DHA into membrane lipids. 

In cultured cells, UBXD8 elimination 

reduced the abundance 

of DHA-containing lipids, 

thereby causing ferroptosis 

resistance. Likewise, AG

PAT3 removal caused a 

similar effect. Increasing the 

amount of AGPAT3 in cells 

overcame the effect of elimi

nating UBXD8, confirming 

that these two proteins do 

indeed work together. Over

loading cells with DHA 

disrupted the interaction be

tween UBXD8 and AGPAT3, 

thus inhibiting DHA incor

poration into membrane 

lipids. UBXD8 and AGPAT3 

controlled DHA specifically, 

not the incorporation of other 

PUFAs such as AA.

Deng et al. further tested 

the role of this homeostatic 

mechanism in mice. They 

first found that knocking out 

the mouse gene Ubxd8 was 

Figure 1. The UBXD8/AGPAT3 complex regulates DHA 

incorporation into lipids 

While the polyunsaturated fatty acid (PUFA) arachidonic acid (AA) can be 

incorporated in excess amounts into membrane lipids via the action of 

LPCAT3, the incorporation of the PUFA docosahexaenoic acid (DHA) into 

membrane lipids is regulated by the UBXD8/AGPAT3 complex. When DHA is 

present in low amounts, it is incorporated into membrane lipids via this 

complex, but when present in excess, DHA inhibits the UBXD8/AGPAT3 

complex, blocking further incorporation of DHA into membrane lipids and 

preventing ferroptosis. The total loss of UBXD8 also prevents DHA incorpo

ration into membrane lipids, blocking ferroptosis.
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lethal and prevented mouse embryos 

from surviving. However, when they 

knocked out Ubxd8 specifically in 

mouse livers, they confirmed their 

results from cell culture studies—mouse 

livers without Ubxd8 had fewer mem

brane lipids containing DHA. When 

they fed mice fish oil along with alcohol, 

which promotes liver ferroptosis, and 

deprived them of vitamin E, which pro

tects against ferroptosis, the wild-type 

mice developed a marker of ferroptosis 

in their livers, whereas mice lacking 

Ubxd8 were protected and showed 

no signs of ferroptosis. Thus, fish oil 

can indeed induce ferroptosis in mice 

under specific conditions—when co- 

administered with alcohol in animals 

that are deprived of vitamin E. However, 

Ubxd8 loss protects against this dam

age, presumably due to its role in pro

moting DHA incorporation into mem

brane lipids.

Deng et al. demonstrated a key fer

roptosis-control mechanism through 

which cells prevent accumulation of 

DHA-containing lipids. Their study has 

implications for the use of PUFAs in fer

roptosis-sensitizing therapy, such as in 

cancer treatment. Specifically, AA may 

be more effective than DHA is in sensi

tizing cells to ferroptotic cell death; 

exogenous AA can overwhelm cells 

with oxidizable AA-containing lipids, 

whereas DHA incorporation is blocked 

by the UBXD8-AGPAT3 system. How

ever, other regulators may exist for 

different PUFAs, and that may be a sub

ject of future research. This study also 

provides implications for the effects of 

omega-3 PUFA supplementation using 

products such as fish oil; the DHA-spe

cific sensing mechanism may prevent 

ferroptosis sensitization in the context 

of DHA supplementation, which may 

explain why this supplement is relatively 

safe, except for the unusual situation in 

which it is given in large amounts along 

with alcohol in animals deprived of 

vitamin E.9

Furthermore, this study provides one of 

the first ferroptosis-related distinctions 

between omega-3 and omega-6 fatty 

acids, leading to the question of why cells 

would evolve the capacity to limit DHA, 

but not AA, incorporation into membrane 

lipids. The authors posit that perhaps 

beyond ferroptosis protection, this mech

anism may be required to shunt free DHA 

to drive the production of anti-inflamma

tory mediators. Indeed, this homeostatic 

sensor may have evolved as a ferropto

sis-defense mechanism, since ferroptosis 

seems to be an ancient cell death 

process.10

DHA has a number of beneficial effects, 

including promoting visual acuity in in

fants, without promoting organ damage 

through ferroptosis; this study by Deng 

et al. provides a mechanism for this 

paradox, providing an explanation for 

how both babies and adults fed DHA sup

plements normally avoid the DHA danger 

zone of ferroptosis.
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