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Inhibiting autophagy by shRNA knockdown
Cautions and recommendations
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A glance through Autophagy or any other journal in this field shows that it is very common to block autophagy by
RNA interference-based knockdown of ATG mRNAs in mammalian cell lines. Our lab’s experience is that this approach
can easily make for failed experiments because good knockdown of even essential autophagy regulators does not
necessarily mean you will get good inhibition of autophagy, and, over time, cells can find ways to circumvent the inhibi-

tory effects of the knockdown.

Figure 1 demonstrates the problem
associated with knockdowns. We have
shRNAs that work very well to knock
down essential autophagy regulators such
as ATG5, which is required for LC3-II
formation.! After knockdown of ATGS,
autophagosome formation should be
blocked and we should be able to see the
effects on basal autophagy by monitoring
increased LC3-I1 levels after blocking flux
with chloroquine (CQ).? Figure 1 shows
examples from an experiment in which
the same batch of Hela cells were infected
with a lentivirus expressing a nonsilencing
control or a shRNA that targets ATG5.
One day after viral infection, cells were
treated with puromycin to kill off any
uninfected cells. Two days later, the cells
were replated into fresh medium and this
population of cells was grown and main-
tained for one month. The cells were col-
lected at different times from 5 d to 32 d
after infection and analyzed for inhibition
of basal autophagic flux by treatment with
CQ for 6 h. It is clear that although pas-
sage 1 cells at 5 d after initial infection
already knocked down ATGS5 very effec-
tively (as determined by the level of the
ATGI12-ATGS protein conjugate), there
was little inhibition of basal autophagic
flux in these cells as shown by the accu-
mulation of LC3-II with 6 h of CQ treat-
ment. By passages 2 and 3 at 11 and 15 d
postinfection, there is much less detectable

LC3-1I accumulated following CQ treat-
ment; that is, basal autophagy is now
blocked to a significant extent. However,
by 20 d, we detect LC3-II again following
CQ treatment, even though at this stage
there is still very good knockdown of the
target. Finally, 32 d after infection, the
knockdown itself no longer works as well
as it once did and basal autophagy occurs
in the cells at a similar level to the control
cells.

The important points are as follows:
First, effective inhibition of autophagic
flux is not necessarily coincident with
knockdown of the ATG protein. In this
case it took longer to see an effect on auto-
phagy than it did to see an effect on the
ATGS5 protein levels. Second, meaning-
ful inhibition of autophagy is maintained
for a shorter period of time than effective
knockdown of the autophagy regulator
protein. Third, there seems to be selection
against the continuous knockdown of the
autophagy regulator; eventually the cells
re-express the targeted ATG5 protein.
Based on similar experiences with other
knockdowns we have formulated recom-
mendations that we try to use in our lab
for studies using A7G-targeting shRNAs.
These recommendations can be summa-
rized as follows:

1. Do not assume that even good
knockdown of an autophagy regulator
means that autophagy is inhibited.
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2. Do not assume that just because
the knockdown blocked autophagy last
week, the same cells will still be deficient
in autophagy this week. Selection against
autophagy inhibition may occur, which
may be manifested both by re-expression
of the protein, or by the cells acquiring the
ability to undergo autophagy even with
significantly reduced levels of the targeted
protein.

3. If possible, test if autophagy has
been inhibited for each preparation of
cells that is being used for an experiment;
obviously, it is better to do this before you
spend a lot of time, money and effort on
the experiment.

4. After a few weeks, cells expressing
ATG-targeting shRNAs should be dis-
carded and a new preparation prepared (or
use another aliquot of the original stock)
for repeated or follow-up experiments. We
think it is usually better to not maintain
ATG knockdown cell lines for extended
periods of time.

5. Single clones expressing autophagy-
inhibiting shRNAs, which will usually
take a long time to grow up, may be less
useful than mixed clones.

6. LC3 westerns are only suitable for
monitoring inhibition of autophagy for
some knockdowns. For example, PIK3C3/
VPS34 loss does not prevent LC3-1I accu-
mulation.? Indeed LC3-II is elevated in
unstimulated PIK3C3-deficient cells due
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tested at 11 and 15 d after infection.

Figure 1. LC3-Il formation is blocked only temporarily after ATG5 knockdown. Western blot analysis is shown of HelLa cells treated for 6 h + 20 pM
chloroquine to block basal autophagic flux of PLK0.1-shRNA nonsilencing (control shRNA) compared with shRNA targeting ATG5 cultured postinfection
for up to 32 d. Although the knockdown worked well at 5 d postinfection through 26 d, basal autophagy was only blocked effectively in the samples

to lack of LC3-II turnover by autophagy.
This means that the assay used to test for
autophagy inhibition could be different
depending upon the knockdown.

7. Because many ATG proteins have
other functions in addition to their role in
autophagy, it is always prudent to verify
the autophagy dependence of a pheno-
type by knocking down several different
ATG genes in accordance with the current
guidelines.? Likewise, if possible, it is also
good to reproduce a phenotype using dif-
ferent autophagy-inhibiting shRNAs to
the same gene to avoid potential off-target
effects.

8. It follows from the above points
that if an A7G knockdown is having a
consistent effect on the phenotype being
studied, but has little effect on autophagy
in some passages of the cells, this might
actually suggest that the phenotype being
affected is not regulated by autophagy.

Ultimately, the problem of selection
against A7G knockdown in cell lines
reflects the fact that autophagy is critical
for the optimal growth and survival of
many mammalian cells. Thus, cells that
are deficient in autophagy may have a
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disadvantage that can be selected against.
Our experience with multiple cancer cell
lines and different shRNAs is that this
selection can occur within just a few days.
The danger is that time and effort may be
wasted doing experiments on cells that do
not have autophagy inhibited to a signifi-
cant extent, even though they maybe did
have effective inhibition at one point and
may even still have good knockdown of
the protein that was targeted. On the one
hand, in some cases this issue may mani-
fest itself by an “effect” going away as cells
are maintained in culture. On the other
hand, if you still see a biological effect of
ATG knockdown but are no longer see-
ing inhibition of autophagy, it would be
wise to consider the possibility that in fact
whatever you are measuring is not regu-
lated by autophagy (see point 8 above).
Prominent investigators have made
recommendations like this before (e.g., see
ref. 4), however, it has perhaps not been
so clear as we see in Figure 1 just how
variable even the same A7G knockdown
in the same preparation of cells can be
at blocking autophagy at different times.
We think the moral is: even when you
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are working with good shRNAs, take the
time to remake your knockdown cells at
regular intervals. In addition, most impor-
tantly, check that the knockdowns really
had inhibited autophagy and not just that
they reduced the level of the protein that
was targeted.
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