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1st Editorial Decision 01 September 2017

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We are very sorry
that it has taken so long to get back to you on your manuscript.

In this case we experienced unusual difficulties in securing three willing and appropriate reviewers
due in part to the overlap with the holiday season. As a further delay cannot be justified I have
decided to proceed based on the two available consistent evaluations.

As you will see, although both Reviewers find the study of interest, they express a number of
concerns. I will not go into much detail as the comments are in general clear and detailed. However,
I would like to emphasise that the important technical and quality issues mentioned by reviewer 1 do
hamper interpretation as can be inferred from reviewer 2's comments.

While publication of the paper cannot be considered at this stage, we would be pleased to consider a
revised submission, with the understanding that the both Reviewers' concerns must be fully
addressed including with additional experimental data where appropriate and that acceptance of the
manuscript will entail a second round of review.

Please note that it is EMBO Molecular Medicine policy to allow a single round of revision only and
that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your
responses included in the next, final version of the manuscript.

As you know, EMBO Molecular Medicine has a "scooping protection" policy, whereby similar
findings that are published by others during review or revision are not a criterion for rejection.
However, I do ask you to get in touch with us after three months if you have not completed your
revision, to update us on the status. Please also contact us as soon as possible if similar work is
published elsewhere.
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Please note that EMBO Molecular Medicine now requires a complete author checklist
(http://embomolmed.embopress.org/authorguide#editorial3) to be submitted with all revised
manuscripts. Provision of the author checklist is mandatory at revision stage; the checklist is
designed to enhance and standardize reporting of key information in research papers and to support
reanalysis and repetition of experiments by the community. The list covers key information for
figure panels and captions and focuses on statistics (please note reviewer 1's comments on this
aspect), the reporting of reagents, animal models and human subject-derived data, as well as
guidance to optimize data accessibility. In this case, the author checklist is especially relevant as, in
addition to the concerns on the clinical features of the TMA, I note that both reviewers have
reservations on your presentation of statistics information. The Author checklist will be published
alongside the paper, in case of acceptance, within the transparent review process file.

We now mandate that all corresponding authors list an ORCID digital identifier. You may acquire
one through our web platform upon submission and the procedure takes <90 seconds to complete.
We also encourage co-authors to supply an ORCID identifier, which will be linked to their name for
unambiguous name identification.

Please carefully adhere to our guidelines for authors
(http://embomolmed.embopress.org/authorguide) to accelerate manuscript processing in case of
acceptance.

I look forward to seeing a revised form of your manuscript in due time

*EkxEE Reviewer's comments *#% 4%
Referee #1 (Comments on Novelty/Model System for Author):

I would have graded the technical quality as overall high with the exception of the statistical
analysis, the xenograft data, and the quality of the TMA IHC.

Referee #1 (Remarks for Author):

Summary. The authors have a considerable track record in investigation and discovery of LIMDI1
functions in cancer and hypoxia. Here, they extend their work to investigate and ultimately elucidate
HIF-1 mediated control of LIMDI transcription and hypoxic negative feedback of LIMD1 on HIF-
lalpha protein expression/stability.

General comments. Overall the discovery of a new mechanism for regulation of HIF-1alpha stability
in hypoxia is of considerable impact. However, the significance of this finding demands that the
authors test whether this is a general finding in mammalian cells, or only associated with
malignancy. As such, the authors need to perform key, selected experiments in non-tumorigenic cell
lines or even better, primary human or mouse embryonic fibroblasts to discern functions in normal
cell biology. At present the differences in gene expression and protein level changes are relatively
modest across the work. Presumably this is due to background signaling cross talk in malignant
cells. Thus, it is possible that the signal to noise could be increased in normal versus malignant cells.

The data from the studies in intact mice and patient samples are more problematic. The variance is
huge both for xenograph tumor size and blood vessel density. The immunofluorescence suggests
incomplete microvessel detection. There are two likely reasons for this. First, the harvest and
preparation of the tumor tissue is inadequate. Most labs perfuse the mice with formalin via the left
ventricle to rapidly and evenly distribute the fixative throughout the tumor tissue. This is followed
by thin tissue slicing and overnight fixation. Second, molecular microvessel expression in tumors is
heterogeneous and endomucin in particular does not detect all vessels. As such, "cocktails" of
CD31/endomucin or CD31/VE-cadherin should be performed for optimal vessel
detection/enumeration. Finally, the data variance for HIF target gene expression in tumors is also
huge and not normally distributed. Non-parametric statistical tests need to be done here as it was for
tumor size. For the patient TMAs, Figures D and E are confusing, but suggest that LIMD1 is
upregulated in most tumors given the "frequency" label for the Y-axis. However, this frequency of
upregulation does not support the data suggesting that LIMD1 expression is lost in lung cancers.
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The data would be clearer if presented as number of cores positive for each expression
level/category. The IHC analysis and the tissue morphology should also be improved. Currently, the
morphology is "fuzzy" will cellular structures ill-defined, and the IHC is overdeveloped such that it
is difficult to discern nucleus from cytoplasm which is important as presumably LIMD1 should be
nuclear localized for interaction with hypoxia-induced HIF-1alpha. Overall, the association of
LIMDI1 and VEGF expression with prognosis is statistically borderline, such that inferences from
these data should be quite cautionary until independent studies are performed or larger patient
cohorts analyzed.

Finally, I am concerned about the use of multiple t-tests in Figures 1-5. One way or in two
parameter instances (time) two-way ANOVA is more appropriate. Beyond GraphPad a statistician
should be engaged for these data.

Referee #2 (Remarks for Author):

This is a technically sound study that shows that LIMD1, an adaptor protein involved in the
downregulation of HIF transcription factors is regulated by hypoxia and is a direct transcriptional
target of HIFs. This suggests a negative feedback loop in hypoxic signaling via upregulation of
LIMDI1. Moreover hypoxia-induced expression of LIMD1 reduces tumor growth of
xenotransplanted tumor cells, and LIMD1 correlates with a better prognosis of lung tumor cases.
These are interesting findings which expand previous studies from the group and support an role of
LIMD1 in hypoxic signaling in cancer. However there are some specific questions/problems that
need to be clarified before publication.

Fig. 1 E: It seems more meaningful to show data of Fig. S1G here instead of the deletion analysis
because these make the point more clearly by showing specific point mutants of HREs.

Fig. 2D Why is LIMD1 not induced under hypoxia in this experiment?

Fig. 3B-D needs better description and interpretation: There is a strong drop in HIF1a from 4 hours
to 24 hours of hypoxia which is not commented by the authors. Only a minor portion of this drop
can be related to exogenous HRE-driven LIMD1 expression because HIF1a is still much lower in
the HREmut cells at 24 hrs than at 4 hrs. In line the differences in HIF reporter activity and target
gene expression between HERwt and HERmut cells are relatively small, raising the question of their
significance. The authors should address this issue and also use shorter time points to capture the
optimal time window for LIMDI1 activity. Is the massive decline in HIF1a between 4 and 24 hrs due
to endogenous-LIMD1 which is not efficiently depleted by the shLIMD1?

Why are differences between flag bands from HREwt and HREmut much smaller than between
LIMD1 bands if both blots detect the same (exogenous) protein? Again, what is the contribution of
endogenous LIMD1 in this setting and how well did the shRNA to LIMD1 perform in these cells?
Related to that, in Fig. S3B it appears that there is no specific increase of LIMDI1 in the HREwt
transduced cells under hypoxia, rather there seems to be a decrease in the HREmut transduced cells.
How can the authors explain this?

Fig. 7 Please explicitly state whether correlations between LIMD1 and HIF1 or LiMD1 and VEGF
expression are positive or negative. It is not possible to extract this information from Fig. S7.

The discussion section might be shortened; in particular with respect to parts dealing with VEGF
targeted therapies where the connection to the presented data is rather loose.

1st Revision - authors' response 30 March 2018

1) General comments. Overall the discovery of a new mechanism for regulation of HIF-lalpha
stability in hypoxia is of considerable impact. However, the significance of this finding demands
that the authors test whether this is a general finding in mammalian cells, or only associated with
malignancy. As such, the authors need to perform key, selected experiments in non-tumorigenic cell
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lines or even better, primary human or mouse embryonic fibroblasts to discern functions in normal
cell biology.

We thank the reviewer for these excellent suggestions. As requested, we have extended our
observations to including the non-transformed primary human small airway epithelial cells (SAEC)
and primary human dermal fibroblasts (hDF). In both these cell types we have also observed the
new proposed HIF-LIMD1 regulatory mechanism to exist

The key experiments we performed using these new cultures/lines were as follows:

Using the SAEC and hDFs we performed a time-course of exposure to 1% O, demonstrating, as
predicted by our model, that LIMD1 expression is induced over time in hypoxia in both SAEC and
hDF, and this can be detected at both the mRNA and protein level (Figure 14, SIA, S1B). SAEC
are the non-transformed precursor for a subset of lung adenocarcinoma (1, 2); we therefore chose
this cell line to perform subsequent analysis of the HIF-LIMD1 regulatory mechanism to compare to
the cancer cell lines (U20S, HeLa, A549). In the SAEC line, LIMDI1 hypoxic induction was also
dependent on HIF-1a, as hypoxic induction of LIMD1 was prevented upon siRNA-targeted HIF-1a

knock-down (Figure S2D).

Next, we generated HRE-WT and HRE-MUT LIMD I-promoter cell lines in the SAEC, and observed
that the hypoxic induction of LIMD1 under chronic hypoxic conditions (24h and 48h) was impaired
in the HRE-MUT cell line (Figure 3B, E, H and S3E), as previously observed in U20S and HeLa
HRE-WT and HRE-MUT isogenic pairs. Furthermore, HIF-1o turnover observed at these later
time-points in the HRE-WT SAEC line was significantly impaired in the HRE-mutant line,
demonstrating again, as our model predicts, that hypoxic induction of LIMDI facilitates HIF-1o
degradation in this primary isogenic pair of cell lines. Finally, analysis of HIF-target gene
transcription in the SAEC HRE-WT and HRE-MUT lines demonstrated small but consistent up-
regulation of expression of these genes in the HRE-MUT line compared to HRE-WT under hypoxic
conditions, demonstrating the transcriptional (and likely physiological) significance of the HIF-
LIMD1 negative feedback in these primary cells (Figure S3K).

We also attempted multiple times (unsuccessfully) to obtain stable lentiviral transduced lines using
primary hDF to perform the same analysis as above. However, we are pleased that the above siRNA
and lentiviral transduced SAEC data is supportive of the HIF-LIMD 1 negative feedback mechanism
in a primary line, and that LIMD1 hypoxic induction is also observed in primary hDF. It is for this
reason that we therefore focused on the SAEC lines for subsequent analyses, and also due to its
relevance to lung cancer and the physiological focus of the paper.

At present the differences in gene expression and protein level changes are relatively modest across
the work. Presumably this is due to background signalling cross talk in malignant cells. Thus, it is
possible that the signal to noise could be increased in normal versus malignant cells.

We did not observe that the hypoxic induction of LIMD1 and associated regulation of HIF-1a had a
greater significant difference in this non-transformed SAEC compared to the cancer cell lines
previously assayed. In fact, the observed mechanism appears if anything subtler. Indeed this
observation is not unexpected, as many cellular pathways regulated by HIF are significantly up-
regulated in cancer cell lines compared to their derived normal primary cell lines (3). This is
supported by comparison of HIF-target gene induction between A549 (lung adenocarcinoma cell
line) and SAEC (non-transformed airway epithelial cell line), where a lesser fold-change of
induction of HIF target genes (including BNIP3, ALDOC, PHD2 and LIMDI) upon exposure to
hypoxia is observed in the primary SAEC line (Response Letter Figure 1-D). Corroboratively, we
observed that the upstream regulation of these genes by the HIF-LIMD1 negative feedback axis in
the SAEC HRE"'/HRE™" lines was also not as dramatic as their transformed counterparts (Figure

S3K).
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Fig. 1A. LIMD1 mRNA expression in a panel of cell lines, including non-transformed small airway epithelial
cells (SAEC) and primary human dermal fibroblasts (hDF) exposed to hypoxia (1% O,) for up to 48 hours.

Fig. S1A-B. LIMDI1 protein expression in SAEC and hDF exposed to 1% O, for up to 48 hours, and western blot
analysis of LIMD1 protein expression.

Fig. S2D. LIMDI1 protein expression in SAEC exposed to normoxic (20% O,) or hypoxic (1% O,) conditions and
treated with the indicated siRNAs. LIMD1 induction under hypoxic conditions is impaired upon knock-down of
HIF-1a and HIF-2a.

Fig. 3B. SAEC transduced with a lentiviral vector which simultaneously knocks-down LIMD]1 via shRNA and re-
expresses an RNAi resistant LIMD1 from the wild type LIMD1 promoter (HRE™) or one containing a mutated
HRE (HRE™") and exposed to 1% O2 for up to 48 hours. LIMD1 hypoxic induction is impaired in the HRE™"
line, and HIF-1a protein is stabilised in this line relative to HRE™".

Fig. 3E and H. Western blot analysis of LIMD1 and HIF-1a protein in (B).
Fig. S3E. Densitometric analysis of LIMD1 protein expression in SAEC HRE lines, mean +£SEM, n=3.
Fig. S3K. qRT-PCR analysis of the indicated HIF target gene expression in SAEC HREwt and HREmut lines
exposed to 1% O,.

wt/mut
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As such, the authors need to perform key, selected experiments in non-tumorigenic cell lines or even
better, primary human or mouse embryonic fibroblasts to discern functions in normal cell biology.

The analysis of this mechanism in the mouse revealed that the pertinent conserved HRE was not
present in this species (Response Letter Fig. 1E). Therefore as one would expect, no hypoxic
induction of mouse Limdl was observed in the mouse fibroblast NIH3T3 cell line at either the
mRNA or protein level (as a positive control for hypoxic induction, Bnip3 was assayed) (Response
Letter Fig. 1F-H). However, in the course of this study we have identified an HRE within the
promoter of the Limdl paralogue Wtip in this species. This discovery is the focus of an independent
study, and is therefore beyond the scope of this manuscript. We wish this paper to remain firmly
focussed on the novel LIMD 1-HIF mechanism in human disease/lung cancer.
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Response Figure 1: these data are not included in the manuscript

(A-D) qRT-PCR analysis of the indicated HIF target gene expression in A549 and SAEC exposed to 20% O,
or 1% O, for 24 hours. HIF target gene induction in response to hypoxic exposure is less marked in the non-
transformed primary SAEC compared to a cancer adenocarcinoma counterpart.

(E) Sequence alignment of the LIMD1 promoter in humans and mice shows that the human HRE (CGTGQG) is
not conserved in the mouse promoter.

(F) Mouse Limdl mRNA expression in murine fibroblast cell line NTH3T3 exposed to 1% O, for up to 48
hours

(G) Western blot analysis of LIMD1 protein expression in NIH3T3.

(H) HIF target gene Bnip3 mRNA was assayed as a positive control for hypoxic induction.

The text for all of the above has been changed and amended accordingly (highlighted in blue text)
(page 5, lines 11-14 and page 6 line 17):

‘We therefore assessed endogenous LIMDI1 expression in a panel of cell lines exposed to 1% O,
(henceforth referred to as hypoxia), including transformed/immortalised lines (A549, HeLa,
HEK293 and U20S), non-transformed small airway epithelial cells (SAEC) and primary
human dermal fibroblasts (hDF).’

‘siRNA-mediated depletion of HIF-1a reduced LIMDI1 protein and mRNA expression under
hypoxic, and to a lesser extent, normoxic conditions in all cell lines examined.’

In summary to this reviewer’s important points, and additional experiments requested, we have
performed these assays and can confidently conclude that this is a fundamental mechanism in both
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normal and cancerous human cell types. We agree that it is therefore, as the reviewers kindly noted,
‘of considerable impact’ to this field of hypoxia biology and related disease.

2) The data from the studies in intact mice and patient samples are more problematic. The variance
is huge both for xenograph tumor size and blood vessel density. The immunofluorescence suggests
incomplete microvessel detection. There are two likely reasons for this. First, the harvest and
preparation of the tumor tissue is inadequate. Most labs perfuse the mice with formalin via the left
ventricle to rapidly and evenly distribute the fixative throughout the tumor tissue. This is followed
by thin tissue slicing and overnight fixation. Second, molecular microvessel expression in tumors is
heterogeneous and endomucin in particular does not detect all vessels. As such, "cocktails" of
CD31/endomucin  or CD31/VE-cadherin should be performed for optimal vessel
detection/enumeration

We would like to clarify here that the method used to prepare the tissue did not include tissue
fixation because this is not appropriate for blood vessel detection in subcutaneous tumours. Indeed,
in the Methods we stated that the tumours were snap frozen and then Sum sections made. The
reviewer is correct to say that for some normal tissues or for very large slow-growing tumours pre-
fixation may be necessary, especially for transmission electron microscopy. However this is not the
case here. Snap freezing subcutaneously grown tumours in mice is standard and best practice. This
method means taking fresh tissue and snap freezing without fixation, and avoids the complications
of fixing whole tumours using chemicals. Instead, Sum sections are fixed prior to staining. We have
expanded on this to make it clearer in the Methods in the revised manuscript. It is also worth noting
that we published in Reynolds et al., Nature Medicine 2002 that, in this type of subcutaneous
tumour, CD31 and VECAD staining give the same number of vessels in vessel counts. Indeed,
endomucin, as we have used here, is now the gold standard for blood vessel staining in these fast
growing tumours. Thus, given the fast growing nature of these tumours and the fact that we have
used endomucin to detect the blood vessel we believe that the data provided gives the best indication
of blood vessel numbers.

In the revised Methods we have now added the following to clarify this important point:

‘Snap-freezing of fresh subcutaneous tumours is the best-recognized method for subsequent
effective blood vessel immunostaining. This method avoids many of the limitations of
prefixing the tissue that can actually reduce antigenicity when it comes to immunostaining for
blood vessels.” Page 23, lines 15-19.

3) Finally, the data variance for HIF target gene expression in tumors is also huge and not normally
distributed. Non-parametric statistical tests need to be done here as it was for tumor size.

We agree with the reviewer and have now redone all statistical analysis within the study as
requested, in collaboration with Dr Hefin Rhys (The Francis Crick Institute). These analyses
replace those performed originally. Details of all statistical analyses and corresponding R files are
contained within the Statistics Report submitted and the revised Methods (Page 26, lines 9 — 19):

‘Statistical analyses were performed using R 3.4.4 and are described in each figure legend.
Where systematic differences existed between experimental runs, data were analysed with
mixed model ANOVA allowing a separate intercept and effect of time for each run.
Homoscedasticity and normality of all model residuals were evaluated graphically. Where
residuals were non-normal or heteroscedastic, the model was re-fit to the log;o-transformed
dependent variable. If model assumptions were still not met, non-parametric tests or Welch-
corrected Student’s t tests were used instead. Where data are normalised to a group, this
group was excluded from the analysis. One-sample Students’ t tests were used when
comparing data to a standardised group (theoretical value of 1).’

Welch's t-test for non-normal distribution upon logl0 transformed mRNA values was performed for
the A549 WT and MUT HRE xerographs.

4) For the patient TMAs, Figures D and E are confusing, but suggest that LIMDI1 is upregulated in
most tumors given the "frequency" label for the Y-axis.
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We would like to clarify that this immunohistochemical staining and scoring was conducted upon a
cohort of lung adenocarcinoma and squamous cell carcinoma patient samples and is not compared
to a ‘normal’ sample e.g. matched adjacent tissue. The observed LIMD1 expression in these samples
cannot therefore be up- or down-regulated as it is not a comparative analysis to ‘normal’. These
data demonstrate the range of expression of LIMDI1 within the tumour samples, which was then
correlated to overall survival of these patients.

However, this frequency of upregulation does not support the data suggesting that LIMDI
expression is lost in lung cancers. The data would be clearer if presented as number of cores positive
for each expression level/category.

This is not what the data suggests statistically. Our analysis reveals that tumours with LIMDI
expression lower than the median for the cohort are associated with significantly worse survival
(p=0.045). Conversely, patient survival is worse for those whose tumours express higher than
median levels of VEGF within the cohort (p=0.049).

5) The IHC analysis and the tissue morphology should also be improved. Currently, the morphology
is "fuzzy" will cellular structures ill-defined, and the IHC is overdeveloped such that it is difficult to
discern nucleus from cytoplasm which is important as presumably LIMD1 should be nuclear
localized for interaction with hypoxia-induced HIF-1alpha.

We agree with the reviewer and apologise for the mistake of inclusion of these low resolution
images. We now include the correct resolution version of these images (Fig. 64 and S6A).

Both oxygen labile HIF subunits and their regulatory proteins (including LIMD1, PHD?2 and VHL)
are found localised within the nuclear and cytoplasmic compartments of the cell, and degradation of
HIF-a has been demonstrated to occur in both compartments (4-11). Immunohistochemical staining
of LIMD1 expression, both within this study and as published, agrees with these findings (9, 12).

We thank the reviewer for highlighting this point, which has been addressed in the manuscript text
(Page 11, lines 2-4):

‘In agreement with previous studies, LIMDI1 protein expression was detected in both nuclear
and cytoplasmic compartments.’

6) Overall, the association of LIMD1 and VEGF expression with prognosis is statistically
borderline, such that inferences from these data should be quite cautionary until independent studies
are performed or larger patient cohorts analyzed.

We agree with the reviewer and have reduced the inference from the immunohistochemistry
performed on this cohort, which contains a relatively small number of patients. In addition, we have
now interrogated The Cancer Genome Atlas Lung Adenocarcinoma (TCGA-LUAD) data collection
in order to determine the contribution of LIMDI and a larger panel of HIF target genes on patient
survival.

Firstly, copy number analysis of LIMD] in lung adenocarcinoma (n=512) and lung squamous cell
carcinoma (n=498) cohorts demonstrated that combined single allele (shallow) or bi-allele (13)
deletion of the LIMD1 gene occurred in 47.1% and 85.4% of patients, respectively (Figure 6D and
S6D).

Secondly, regression analysis demonstrated correlation between LIMDI copy number and mRNA
expression (Figure S6E-F), therefore patients were stratified into risk groups (quartiles) based on
mRNA abundance intensities and patient survival was determined using a Cox proportional hazards
model. This analysis determined that patients in the risk group exhibiting high LIMD1 expression
(High Exp) had increased overall survival, whereas patients exhibiting low LIMD1 expression (Low
Exp) had reduced overall survival (log rank P = 0.021, HR 0.6) (Figure 6E). This data significantly
corroborates the survival data based on IHC analysis performed in our small IHC cohort study. Of
note, LIMD1 expression with the lung squamous cell carcinoma cohort did not significantly affect
overall survival (Response Figure 2A). However, it is interesting to note that the degree of LIMD1
copy number alteration in SCC was over 85.4% of tumour samples. Why this does not correlate with
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poor survival in SCC in unknown, and warrants further investigation, which is beyond the scope of
this current study.

Kaplan-Meier analysis of VEGFA or -B determined no significant association between expression of
these factors and survival (Response Figure 2B-C). Furthermore, a number of studies have
identified VEGF expression to be uninformative as a hypoxic-marker with regards to cancer disease
progression or patient outcome due to its regulation by non-hypoxic stimuli and its secretion (14-
16). This is particularly pertinent in non-small cell lung cancer which, in addition to contending
with these non-HIF-regulatory factors, is also derived from a highly vascularised tissue. Therefore,
due to the disreputability of VEGF as a hypoxic-marker, we analysed the TCGA LUAD cohort to
identify hypoxia/HIF signature genes correlated with LIMDI expression, and then determined
survival of patients based on expression of these HIF target genes.

We identified a strong inverse correlation between LIMD1 expression and HIF target genes GLUT-
1 (SLC2A41), GAPDH and IGF2BP2 (Figure 6F-H). The mean mRNA abundance of each gene was
highest in the LIMD1 Q1 group and lowest in the LIMD1 Q3 group. Kaplan-Meier analysis of
survival of patients stratified by expression of these genes revealed that patients with the highest
expression of these genes have significantly worse overall survival compared to patients who
demonstrate the lowest expression (Figure 61-K). Conversely, the HIF target gene ENO2 was not
correlated with LIMD1 expression in the lung adenocarcinoma cohort, and there was no significant
association between expression of ENO2 and patient survival (Response Figure 2D-E).

The new TCGA analysis is described in the manuscript text (Page 11, line 11 — Page 12, line 6).

© European Molecular Biology Organization
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Fig. 6D. Copy number alterations of LIMD1 and other validated tumour suppressor genes from a lung adenocarcinoma
(LUAD) and Fig. S6D lung squamous cell carcinoma (LUSC) TCGA cohort.

Fig. S6E-F. Regression analysis performed upon the above lung adenocarcinoma and squamous cell carcinoma cohort from
TCGA demonstrates significant correlation between LIMD 1 copy number and mRNA expression.

Fig. 6E. Stratification of TCGA LUAD based on LIMD1 mRNA expression demonstrates worse overall survival for patients
within the lowest LIMD 1-expressing quartile (Low Exp) compared to the highest LIMD 1-expressing quartile (High Exp)
within the LUAD cohort.

Fig. 6F-H. Correlation analysis of LIMD1 mRNA expression in TCGA LUAD cohort identified a significant inverse
correlation between LIMD1 and HIF target genes SLC2A1, (D) GAPDH and (E) IGF2BP2. Q1 =lowest LIMDI mRNA
expression quartile, Q3 = highest LIMD1 mRNA expression quartile. The mean mRNA abundance of each gene is highest in
the LIMD1 Q1 group and lowest in the LIMD1 Q3 group.

Fig. 6I-K. Stratification of TCGA LUAD cohort into quartiles based on SLC2A1, (G) GAPDH and (H) IGF2BP2
demonstrates worse overall survival for patients within the highest expressing quartile (High Exp) compared to the highest
expressing quartile (High Exp) for each gene.
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Response Figure 2: These data are not included in the manuscript
(A) Stratification of TCGA lung squamous cell carcinoma (LUSC) based on LIMD1 mRNA expression demonstrates no

significant difference upon overall survival between lowest LIMD 1-expressing quartile (Low Exp) compared to the

highest LIMD 1-expressing quartile (High Exp).

(B) Stratification of TCGA lung adenocarcinoma (LUAD) cohort into quartiles based on VEGF-A and (C) VEGF-B
mRNA expression demonstrates no significant effect of expression of either VEGF isoform upon overall survival.
(D) LIMD1 mRNA expression is not correlated to expression of HIF target gene ENO1 within TCGA LUAD cohort.
(E) ENOL1 expression demonstrates no significant effect upon overall patient survival in LUAD.

7) Finally, I am concerned about the use of multiple t-tests in Figures 1-5. One way or in two
parameter instances (time) two-way ANOVA is more appropriate. Beyond GraphPad a statistician

should be engaged for these data.

We refer the reviewer to point 3 above where in collaboration with Dr Hefin Rhys (Statistician, The
Francis Crick Institute) these analyses have been performed. Details of the analyses performed are
contained within the Statistics Report submitted and the revised Methods.

© European Molecular Biology Organization 11
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Referee #2 (Remarks for Author):

This is a technically sound study that shows that LIMDI1, an adaptor protein involved in the down-
regulation of HIF transcription factors is regulated by hypoxia and is a direct transcriptional target of
HIFs. This suggests a negative feedback loop in hypoxic signaling via upregulation of LIMDI.
Moreover hypoxia-induced expression of LIMD1 reduces tumor growth of xenotransplanted tumor
cells, and LIMD1 correlates with a better prognosis of lung tumor cases. These are interesting
findings which expand previous studies from the group and support a role of LIMDI in hypoxic
signaling in cancer. However there are some specific questions/problems that need to be clarified
before publication.

1) Fig. 1 E: It seems more meaningful to show data of Fig. S1G here instead of the deletion analysis
because these make the point more clearly by showing specific point mutants of HREs.

We agree with the reviewer and have replaced Figure 1E with Figure SIG.
2) Fig. 2D Why is LIMDI not induced under hypoxia in this experiment?
We apologise for the inclusion of this non-representative western blot, which was made in error. We

have replaced this with a blot representative of the quantification across biological repeats (Figure
L5A). We have also included better representative blots for Figure S2B and S2C (Figure L5B-C).

2D 20% O, 1% O, S2B 20% O, 1% O, S2C 20% O, 1% O,
SN « SN SN ST N S ad NS ad
S FRFX & ¥ S FEEE & TN & FFLE $ FFEE
- - oy - --—-lLIMD1 .- . ..--ILIMD1 |. e W e -I LIMD1
e e o wrHD2 |-. -l - leHDz - - ® ssw = we PHD2
i : -
- - - — HIF-1
e - a.' m |HIF-1a » HIF-1a I - - . ‘ «
— - enames-- @MW =~ | HIF-2a
Seogre -

mEe= SRR~ oo

HIF-2a

O e - -SSP | 3-Actin

| --— - - - ----Ili-Aclin AS549

U208 HelLa

Fig. 2D. Western blot analysis of the indicated proteins in U20S

Fig. S2B HeLa and

Fig. S2C A549 cells transfected with the indicated siRNA and maintained in normoxia or exposed to
hypoxia for 24 hours.

3) Fig. 3B-D needs better description and interpretation: There is a strong drop in HIFla from 4
hours to 24 hours of hypoxia which is not commented by the authors. Only a minor portion of this
drop can be related to exogenous HRE-driven LIMD1 expression because HIF 1a is still much lower
in the HREmut cells at 24 hrs than at 4 hrs.

The strong drop in HIF-1o protein observed between 4 and 24 hours in cells (in this assay,
represented by HRE-WT cell lines) is well characterised in the literature;, under conditions of
chronic hypoxia, a negative regulatory feedback loop is initiated whereby free oxygen from
inhibited mitochondrial respiration leads to over-activation of PHDs, causing HIF-a degradation
and a desensitised hypoxic response (17). This is now clarified in the manuscript (Page 3, lines 12-
15):

‘Under conditions of chronic hypoxia, a negative regulatory feedback loop is initiated whereby

free oxygen from inhibited mitochondrial respiration leads to over-activation of PHDs,
causing HIF-o degradation and a desensitised hypoxic response.’

© European Molecular Biology Organization
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In the HRE-MUT cell lines, hypoxic induction of LIMDI expression is impaired, this reduces the
efficiency of HIF-a degradation under conditions of chronic hypoxia. However, it is important to
note that our manuscript does not claim that LIMDI is the sole factor regulating the adaptive
response to hypoxia. Indeed we have previously published that degradation of HIF-1a occurs in
both a LIMDI-dependent and -independent manner (18). LIMDI does not have any enzymatic
activity, instead it acts as a molecular scaffold for the PHD-VHL axis enhancing HIF degradation.
Therefore other factors, such as PHD2/3 upregulation, will still be active in mediating HIF
degradation in the absence of LIMDI, albeit at lower efficiency. Hence in the HRE-MUT lines, we
observe a reduction in efficiency of hypoxic HIF-1a turnover, as opposed to a complete absence of
this adaptive mechanism.

In line the differences in HIF reporter activity and target gene expression between HERwt and
HERmut cells are relatively small, raising the question of their significance. The authors should
address this issue and also use shorter time points to capture the optimal time window for LIMDI1
activity.

The small but statistically significant differences we observe in our HRE-WT/HRE-MUT isogenic
paired cell lines are not entirely surprising: LIMD] is still expressed under hypoxic conditions in
the HRE-MUT line, but these cells do not benefit from enhanced hypoxic induction of LIMDI from a
Sfunctional HRE (Figure 3C-E). HRE-WT cells exhibit a 2-3 fold increase in LIMDI expression
under hypoxic conditions, which does not occur in the HRE-MUT lines. Following the reviewers
advice, we repeated the experiment in the U20S, HelLa and primary non-transformed SAEC
isogenic cell line pairs, with additional time-points of hypoxic incubation to now include 0, 4, 8, 16,
24 and 48 hours (Figure 3F-G) with appropriate amendments to figure legends, methods and text
(Page 8, lines 8-14):

‘U208, HeLa and SAEC were transduced with the paired set of lentiviruses described. We
identified within this non-clonal population, LIMDI controlled by the HRE™ promoter had a
2-3 fold hypoxic-induction of protein expression (Fig. 3B-E and Fig. S3B-E). In contrast,
mutation of the HRE within the LIMD1 promoter (HRE™") significantly impaired hypoxic
induction of LIMDI1 in these lines. This was coupled with an impairment of HIF-la
degradation under increasing exposure to hypoxia in the HRE™" lines compared to HRE"

(Fig. 3B, F-H).’

However, as we still see maximal hypoxic induction of LIMDI1 at 24 hours in HeLa and U20S
paired lines, we still believe this to be the optimum time point for the reporter assay and target gene
experiments to be performed. As our manuscript shows, small effects from modulating LIMD]
expression in vitro result in large and profound changes in vivo (Figure 5, 6, S4-7), therefore we
believe the subtle differences observed, to be significant and of biological importance.

Is the massive decline in HIFla between 4 and 24 hrs due to endogenous-LIMD1 which is not
efficiently depleted by the shLIMD1?

Regarding the presence of endogenous-LIMDI affecting HIF degradation, we do not believe this
would be sufficient to cause any significant effects. The reasoning briefly for this is demonstrated by
lentiviral transduction of U20S cells with the shRNA vector from which the HRE-WT and HRE-
MUT lines were generated, (the parental vector targets LIMDI but does not contain the rescue
component), which shows highly efficient (>95% estimated) knock-down of LIMDI (Response
Figure 3A). This also demonstrates that the rescue component of the shRNA vector re-expresses
LIMDI from its endogenous promoter at levels close/equivalent to endogenous (as observed in the
shSCR line).

& &
A N & o\é Response Figure 3: These data are not
& \\“0 \\x‘o S included in the manuscript
o7 & & p

F &FF ° (A) U20S cells transduced with the indicated
— - e IMD1 lentiviral vectors and analysed by western blot

for the indicated proteins demonstrate highly

— wme wme ~a2| (-Actin efficient LIMD1 knock-down by the parental

shLIMD1 vector.
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4) Why are differences between flag bands from HREwt and HREmut much smaller than between
LIMDI1 bands if both blots detect the same (exogenous) protein? Again, what is the contribution of
endogenous LIMD1 in this setting and how well did the shRNA to LIMD1 perform in these cells?

The affinity of the anti-Flag antibody for its epitope is greater than that of the endogenous LIMD1
antibody, hence the differences in the observed intensities in the original figure; although it is
important to note that densitometric analysis of these blots demonstrated the same significant
difference in expression at 24 and 48 hour time points. However, we have since re-optimised the
blotting conditions of the Flag antibody and include western blots that are representative for both
LIMDI and Flag.

5) Related to the above, in Fig. S3B it appears that there is no specific increase of LIMDI in the
HREwt transduced cells under hypoxia, rather there seems to be a decrease in the HREmut
transduced cells. How can the authors explain this?

As suggested by the reviewer for the U20S HRE cell lines, we have repeated this experiment in the
HeLa HRE isogenic pair with additional time-points of hypoxic incubation to now include 0, 4, 8,
16, 24 and 48 hours (Figure 3B-H, Figure S3B-E). We observe a 3-fold induction of LIMD] in the
HRE" line by 24 hours hypoxic incubation, which is significantly impaired in the HRE™ line,
LIMDI levels are maintained (Figure 3D and S3D). The adaptive response to hypoxia is impaired
in the HRE™" line, where HIF-1a levels are increased compared to their HRE" counterpart (Figure
3G). We apologise for inclusion of a non-representative western blot for this cell line pair in the
original version.

6) Fig. 7 Please explicitly state whether correlations between LIMD1 and HIF1 or LiMDI1 and
VEGEF expression are positive or negative. It is not possible to extract this information from Fig. S7.

We refer Reviewer 2 to Point 6 (above Reviewer 1) where we have addressed this point. Briefly, we
have determined that VEGF was not a robust hypoxic-marker to interrogate, particularly for a small
lung adenocarcinoma cohort. We have therefore performed bioinformatic analysis using TCGA data
and identified that HIF target genes SLC241, GAPDH and IGF2BP2 are significantly inversely
correlated with LIMDI expression in the lung adenocarcinoma cohort (Figure 6F-H). Kaplan-
Meier analysis of these genes determined high expression was correlated with shorter overall
survival (Figure 61-K). These have now been used in place of VEGF.

7) The discussion section might be shortened; in particular with respect to parts dealing with VEGF
targeted therapies where the connection to the presented data is rather loose.

We agree with the reviewer and have removed the indicated section.

© European Molecular Biology Organization
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Fig. 3B. U20S, HeLa and SAEC isogenic HRE™ and HRE™" pairs were exposed for hypoxia for the indicated time-points and analysed for expression of Flag-
LIMDI (RNAI resistant form) and HIF-1o.
Fig. 3C-H. Western blot analysis LIMD1 (C-E) and HIF-1a (F-H) in U20S, HeLa, and SAEC isogenic pairs in (Fig. 3B), normalised to f-Actin and 0 hour
hypoxic time-point for each cell line.
Figure S3B-E. Densitometric analysis of LIMD1 protein expression for U20S (S3B-C), HeLa (S3D) and SAEC (S3E) isogenic cell line pairs, mean +SEM,

n=3.
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2nd Editorial Decision 15 May 2018

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see
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the reviewers are now supportive and I am pleased to inform you that we will be able to accept your
manuscript pending final editorial amendments.

Please submit your revised manuscript within two weeks. To accelerate the process, make sure to
provide a point-by-point response to my letter.

I look forward to seeing a revised form of your manuscript as soon as possible.

*Hdekk Reviewer's comments *#%%*#

Referee #1 (Remarks for Author):

The authors have adequately responded to most of the primary review points, and have added
additional analyses. Despite some reservations regarding micro vessel imumunodetection, the
manuscript is suitable for publication.

Referee #2 (Comments on Novelty/Model System for Author):

The authors have dealt well with the critical aspects raised previously and the ms has improved
considerably.

Referee #2 (Remarks for Author):
It is a bit puzzling that in two figure panels "non-representative” Western blots had been submitted

initially. Nevertheless, the authors have dealt well with the critical aspects raised previously and the
ms has improved considerably.

2nd Revision - authors' response 23 May 2018

We have now addressed all the issue you raised and now hope these are all in order and that our
manuscript can now be accepted for publication.
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This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data

The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
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2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
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Please fill hese boxes W (Do not worry if you cannot see all your text once you press return

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

For in vitro experiments, sample size was chosen according to previous studies (our own and
others) with comparable molecular biological experiments. Every experiment was performed
with a minimum of three biological replicates.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

Samples sizes were determined according to power calculations. In consultation with our in-house
statisticians, Prof Duffy and Dr North, pilot studies were performed to determine the numbers of
animals required to provide statistical significance. Power calculations estimated that 10
mice/cohort were required. Using a two-sided test (WHICH TEST?) with a 5% significance level,
these calculations predict 85-90% power to reject the null hypothesis of no difference assuming
the two genotypes differ by the magnitudes that we have observed in similar experiments. For
[tumour growth and tumour response studies two-way ANOVA or Student's t-test were used.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

Inclusion criteria: within each experiment animal groups were the same age, sex, genetic strain
and maintained under the same conditions. Exclusion criteria: mice were excluded from the
experiment only if unexpected adverse effects were observed .

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

Investigators were aware of treatment groups for in vitro experiments. However, experiments
were performed by independent investigators and yielded consistent results.

For animal studies, include a statement about r ion even if no rar ion was used.

Within each experiment, mice were randomly assigned to different groups.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Investigators were not blinded when analysing in vitro results. However, experiments were
performed by independent investigators and yielded consistent results.

4.b. For animal studies, include a statement about blinding even if no blinding was done

All experimental protocols for animal studies included blinding to avoid bias.

5. For every figure, are statistical tests justified as appropriate?

Statistical tests were carefully chosen for each experiment and sufficient numbers of replicates to
perform these tests were obtained.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

For all models fitted in the study, the model residuals were assessed for normality by comparing
their normal quantiles against the theoretical quantiles for a normal distribution, using g-q plots.
Where model residuals were visibly non-normal, a new model was fitted after log10
transformation of the dependent variable. If the model residuals were still not normally
distributed, then non-parametric statistical tests were applied. Model homoscedasticity
(homogeneity of variances) was assessed by plotting model residuals against theit fitted values
and identifying if there was a correlation between the two. If the data were heteroscedastic, then
a new model was fitted after log10 transformation of the dependent variable. To ensure model
residuals were independent of each other, correlations between measurements made during the
same experimental run were controlled for by fitting mixed models and allowing for the effect of

variables to vary between experimental runs (detailed in the manuscript).




Is there an estimate of variation within each group of data?

Yes, the error bars represent standard error of the mean.

Is the variance similar between the groups that are being statistically compared?

Model homoscedasticity (homogeneity of variances) was assessed by plotting model residuals
against theit fitted values and identifying if there was a correlation between the two. If the data
were heteroscedastic, then a new model was fitted after log10 transformation of the dependent
variable.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

References for antibodies are contained within Supplementary Table S2.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

A549, HEK293, U20S, SAEC and hDF were from the lab of Dr. Tyson V. Sharp. All cell lines were
tested for mycoplasma contamination every two weeks throughout the study and confirmed to be
negative.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

8-12 week old female SCID/beige mice (Harlan 14 Laboratories).

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

All animal experiments conformed to the British Home Office Regulations (Animal 10 Scientific
Procedures Act 1986; Project License PPL 70/7263 to Prof Nick Lemoine).

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

We confirm our compliance to the guidelines.

E- Human Subjects

F- Data A

G- Dual u:

11. Identify the committee(s) approving the study protocol.

Nottingham Biobank Ethics Committee: study number ACP000030

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

All patients were consented prior to entry into the study in accordance with the WMA Declaration
of Helsinki and the Department of Health and Human Services Belmont Report.

and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under
‘Reporting Guidelines’. Please confirm you have submitted this list.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)  [N/A

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

The results of the TMA analysis are reported in accordance with the REMARK criteria (McShane
2005).

ccessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
[generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

N/A

19. D is strongly r Jed for any datasets that are central and integral to the study; please consider the
liournal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a | (see author li under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

tary Di

N/A

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

N/A

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

N/A




