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Original submission 

First decision letter 

MS ID#: JOCES/2021/259686 

MS TITLE: PDGFR dimer-specific activation, trafficking and downstream signaling dynamics 

AUTHORS: Madison A Rogers and Katherine A Fantauzzo 
ARTICLE TYPE: Research Article 

We have now reached a decision on the above manuscript. 

To see the reviewers' reports and a copy of this decision letter, please go to: https://submit-
jcs.biologists.org and click on the 'Manuscripts with Decisions' queue in the Author Area. 
(Corresponding author only has access to reviews.) 

As you will see, the reviewers raise a number of substantial criticisms that prevent me from 
accepting the paper at this stage. They suggest, however, that a revised version might prove 
acceptable, if you can address their concerns. If you think that you can deal satisfactorily with the 
criticisms on revision, I would be pleased to see a revised manuscript. We would then return it to 
the reviewers. 

We are aware that you may be experiencing disruption to the normal running of your lab that 
makes experimental revisions challenging. If it would be helpful, we encourage you to contact us 
to discuss your revision in greater detail. Please send us a point-by-point response indicating 
where you are able to address concerns raised (either experimentally or by changes to the text) 
and where you will not be able to do so within the normal timeframe of a revision. We will then 
provide further guidance. Please also note that we are happy to extend revision timeframes as 
necessary. 

Please ensure that you clearly highlight all changes made in the revised manuscript. Please avoid 
using 'Tracked changes' in Word files as these are lost in PDF conversion. 

I should be grateful if you would also provide a point-by-point response detailing how you have 
dealt with the points raised by the reviewers in the 'Response to Reviewers' box. Please attend to 
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all of the reviewers' comments. If you do not agree with any of their criticisms or suggestions 
please explain clearly why this is so. 

Reviewer 1 

Advance summary and potential significance to field 

In this study, the authors demonstrated that activation, trafficking and downstream signaling 
depend on the specificity of dimerization of PDGFR in the human HCC15 lung cancer cell line. By 
using bimolecular fluorescence complementation, they nicely showed that the composition of 
PDGFR dimers regarding the receptor chains used determines important biological aspects like 
speed of dimerization, activation, internalization, recycling and degradation resulting in changes of 
cellular behavior (proliferation, migration). Overall, this study is timely and very interesting and 
helps to understand the mechanism involved in regulating PDGF signaling. I am supportive of this 
study. 

Comments for the author 

To me the study has still two issues that need to be addressed experimentally to complete the 
characterization. 

Major points: 
1) The authors mention in the introduction that dimerization of two PDGFRs may lead to

homodimers (studied here), but also to PDGFRα/β heterodimers which were not considered. I think

they need to be included in this study particularly because the authors themselves reported in an

earlier publication (Fantauzzo & Soriano 2016) that heterodimers are also formed and show distinct

signaling properties. As the tools are all available it should not be too difficult to establish cells

with stably integrated PDGFR-BiFC sequences (PDGFRα-V1/ PDGFR β-V2 and/or PDGFRα-V2/

PDGFRβ-V1) and to test these cells in a comparable manner.

2) The system used in this study is rather artificial on the one hand using cells not expressing these
receptors and on the other hand studying recombinant receptor chains fused to a larger unrelated
Venus sequence. I understand that the lack of chain-specific antibodies limits the possibilities of
studying endogenous receptors in their normal environment. Also I see the point in using cells that

lack both receptor chains, but I still think that cells normally expressing both chains (PDGFRα and

PDGFRβ) and expressing all or most known interaction partners may show a different maybe even

more pronounced phenotype.
If the results reported here are of physiological relevance it should be possible to confirm these by
comparing the proliferation and migration behavior of primary MEFs derived from each of the single

Pdgfr knockout mice (used in their earlier publication Fantauzzo & Soriano 2016).

Minor point: 
Probably due to downscaling the text labeling used in some subfigures (in particular that of the 
quantifications or that used for the schematic in figure S1) appears to be extremely small. It would 
help to use larger abbreviation letters explained in the corresponding legend (e.g. Ig for 
immunoglobulin or Tk for tyrosine kinase). 

Reviewer 2 

Advance summary and potential significance to field 

This manuscript presents a study of signaling specificity by two PDGFR homodimers. The authors 
used bimolecular fluorescence complementation to detect dimers in cell lines engineered with 
different receptor forms. 

Comments for the author 

While signaling specificity is a topic of major interest, and while PDGFR signaling is of broad 
biological relevance, it is unclear how the study findings will ultimately contribute to the field. The 
manuscript lacks a unifying conceptual model to tie the various observations together, making this 
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manuscript a largely descriptive exercise. As a result, the paper does not ultimately provide insight 
into the mechanisms that lead to the differential activation of alpha versus beta PDGFRs. Some 
additional specific issues are described below. 
1. It is unclear if the receptors are expressed equally across the engineered cell lines. Differences
in expression could have important consequences on signaling dynamics. It is also unclear if the
affinities of the ligands are the same for the different receptors.
2. Given that these receptors heterodimerize, the utility of studying them separately in two
different cell lines is unclear.
3. The potential role of endosomal signaling is acknowledged in the Introduction, but the authors
did not directly consider how the observed ERK/AKT signaling dynamics may be influenced by
differences in this phenomenon between the ligand/receptor pairs.
4. Fig. 2C: The authors may want to clarify if the results at 15 min are consistent with the split GFP
measurements.
5. Fig 3C: Though the text notes greater colocalization of PDGFb with membrane marker Na+/K+
ATPase after 5 min of treatment, the immunofluorescence image for PDGFb (Fig. 3C) appears to
have greater PDGFR signal near the nucleus than at the membrane. Conversely, a larger fraction of
PDGFRa signal appears to be plasma membrane-proximal than for PDGFRb.

6. Figs. 6 & 7: The authors claim that activation of PDGFRb homodimers drives stronger

proliferation and migration. The authors should consider juxtaposing this result with some well-
known studies, including studies of the impact of differential ERK signaling dynamics in the context
of ErbB signaling (e.g., Freed et al. [Cell 2017], Brueggemann et al. [Sci. Sig. 2021], etc.) or TrkA
signaling (e.g., numerous PC12 cell studies).
7. While activated PDGFRb homodimers clearly drive more migration in response to PDGF-BB, it is
unclear that they drive a meaningful (and not just statistically significant) ligand-mediated increase
in proliferation based on the data in Figure 7, despite the baseline proliferative rate being greater
than that for cells expressing primarily PDGFRa. An alternative proliferation marker (e.g., Rb
protein—see Brueggemann et al. [Sci. Sig. 2021]) may be useful to more definitively assess whether
either receptor really drives significant proliferation.
8. For immunofluorescence data, the authors should provide a description of the average number of
cells included per field of view and the homogeneity/heterogeneity of PDGFRa and PDGFRb
expression in the Methods and/or Results. They should also consider additional biological replicates
and clarify how they extract 20 biological replicates from each of two biological replicates in the
present data.
9. In the Discussion, conformational differences of the two receptors are proposed as an
explanation for observed differences in dimerization and autophosphorylation rates of the two
PDGFRs, with Freed et al. 2017 cited as the relevant reference. This reference does not seem
appropriate as Freed et al. was a study of EGFR activation by different ligands. If the authors have
a specific reason for drawing this connection, it should be spelled out more clearly.

Reviewer 3 

Advance summary and potential significance to field 

The manuscript entitled “PDGFR dimer-specific activation, trafficking and downstream signaling 
dynamics” by Rogers and Fantauzzo assessed PDGFR dimer-specific dynamics in cell lines stably 
expressing C-terminal fusions of alpha or beta PDGF receptors (PDGFRs) with BiFC fragments of 
Venus fluorescent protein. They observed that PDGFRbeta receptors homodimerize more rapidly 
than PDGFRalpha receptors in response to ligand and have increased autophosphorylation. 
Furthermore, they observed that PDGFRalpha are degraded more quickly than PDGFRbeta, which 
correlates with PDGFRbeta being recycled back to the cell membrane. Finally, they show that 
PDGFRbeta activation results in increased ERK1/2 and AKT signaling, as well as increased cell 
proliferation and migration. 

Overall, this is a very interesting study that uses an elegant system to assess PDGF receptor 
dimerization signaling and downstream effects. The significance to the field is that it addresses the 
limitations of previous antibody-based studies that did not distinguish between monomeric vs. 
dimeric PDGFRs. 
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Comments for the author 

The manuscript entitled “PDGFR dimer-specific activation, trafficking and downstream signaling 
dynamics” by Rogers and Fantauzzo assessed PDGFR dimer-specific dynamics in cell lines stably 
expressing C-terminal fusions of alpha or beta PDGF receptors (PDGFRs) with BiFC fragments of 
Venus fluorescent protein. They observed that PDGFRbeta receptors homodimerize more rapidly 
than PDGFRalpha receptors in response to ligand and have increased autophosphorylation. 
Furthermore, they observed that PDGFRalpha are degraded more quickly than PDGFRbeta, which 
correlates with PDGFRbeta being recycled back to the cell membrane. Finally, they show that 
PDGFRbeta activation results in increased ERK1/2 and AKT signaling, as well as increased cell 
proliferation and migration. 

Overall, this is a very interesting study that uses an elegant system to assess PDGF receptor 
dimerization, signaling and downstream effects. Furthermore, the quality of the images and 
western blots are excellent. However, there are a few concerns that would need to be addressed 
in order to strengthen the authors’ conclusions. 

Major points: 

1) Relative expression of the V1- and V2-tagged receptors:

Although it is not necessary to know the relative levels of V1 and V2 receptors for the signaling
analyses (autophosphorylation, ERK1/2 and AKT signaling, etc.), it is essential to know what the
relative expression of the V1- and V2-tagged receptors is for the fluorescence experiments. This is
because the stoichiometry of V1 and V2 receptor interaction may alter the extent and duration of
endocytosis and subcellular trafficking. Interestingly, all the PDGFR western blots contained
doublets. Do the two bands represent the V1- and V2-tagged versions of the receptors (due to
slight variation in the molecular weights of the V1 and V2 tags)? If so, expression of each receptor
(transiently and in combination in 293T cells, for example) would be helpful to indicate which of
the two tagged receptors correspond to which band in the blots. This is particularly interesting in
the P-PDGFR blots because only one band of >190kDa was observed. Does this band correspond to
only the top band in the PDGFR blots?

2) Number of experiments carried out and statistical analysis:
In a number of experiments, there were only 2 biological replicates quantified and each cell was
graphed to obtain a mean ± S.E.M. This is problematic for several reasons. First, there should be a
minimum of 3 biological replicates for quantitation and stats. Second, all of the values for one
biological experiment should be averaged and represented by 1 data point (±SD). Then when 3
experiments are averaged, one can obtain the S.E.M for the complete series of experiments (with
a minimum of N=3). Based on this, another biological replicate is needed for Figures 1, 3, 4A and 5,
with graphs containing 3 data points taken as the mean.

3) Receptor degradation:

Do lysosome inhibitors block the degradation of the receptors? If acidotropic agents preferentially
inhibit the beta vs. alpha receptors, this would strengthen the argument that trafficking to the
lysosome is different for each receptor.

4) On line 116-117:“After 24 h of starvation in HITES media, which lacks any growth factors, we
photobleached the coverslips to ensure that all imaging captured newly-formed BiFC events.” This

is very interesting. In the non-bleached cells, where was the majority of the signal seen? At the
cell surface or intracellularly? This data would be informative because it would indicate if

receptors dimerize in the peri-nuclear region (maybe in the Golgi apparatus?), at the cell surface,
or somewhere in between? Furthermore, in Figure 2, ligand stimulation only increased receptor

dimerization by 25-50%, suggesting that a large proportion of V1 and V2 receptors are already
dimerized in the absence of ligand. Visual fluorescence would most likely confirm this data.
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First revision 

Author response to reviewers' comments 

We thank the Reviewer for these supportive comments. 

Reviewer 1 Comments for the Author: 
To me the study has still two issues that need to be addressed experimentally to complete the 
characterization. 

Major points: 
1) The authors mention in the introduction that dimerization of two PDGFRs may lead to
homodimers (studied here), but also to PDGFRα/β heterodimers which were not considered. I
think they need to be included in this study particularly because the authors themselves
reported in an earlier publication (Fantauzzo & Soriano 2016) that heterodimers are also
formed and show distinct signaling properties. As the tools are all available it should not be
too difficult to establish cells with stably integrated PDGFR- BiFC sequences (PDGFRα-V1/
PDGFR β-V2 and/or PDGFRα-V2/ PDGFRβ-V1) and to test these cells in a comparable manner.

We agree with the Reviewer that these experiments would add to the manuscript. 
However, a graduate student and postdoctoral fellow in the lab have spent a combined 18 months 

trying to generate a PDGFRαV1/βV2 stable cell line with limited success. Multiple methods were 

attempted: 1) simultaneously introducing PDGFRα-V1 and PDGFRβ-V2 via lentiviral transduction 

with the same selectable marker; 2) simultaneously introducing PDGFRα-V1 via lentiviral 

transduction and PDGFRβ-V2 via retroviral transduction with different selectable markers; and 3) 

sequentially introducing PDGFRβ-V2 via retroviral transduction followed by PDGFRα-V1 via 

lentiviral transduction with different selectable markers. A single clone among 188 clones 
screened passed our initial screening tests, revealing Venus fluorescence upon ligand treatment, 

integration of correct PDGFRα-V1 and PDGFRβ-V2 sequences and expression of both receptors via 

western blotting. However, despite two rounds of subcloning Venus-positive cells, the frequency 
of BiFC events remained surprisingly low (approximately 5 Venus-positive cells amongst a 
relatively confluent 24-well plate well). Relatedly, qRT-PCR analyses demonstrated that the 

PDGFRαV1/βV2 clone expressed PDGFRA approximately 4 times lower than our PDGFRαV1/αV2 

cells and PDGFRB approximately 13 times lower than our PDGFRβV1/βV2 cells. Moreover, the cells 
grew very slowly compared to parental HCC15 cells and both PDGFRαV1/αV2 and PDGFRβV1/βV2 
cell lines. Taken together, we have concluded that HCC15 cells do not tolerate combined 
expression of PDGFRα and PDGFRβ, and/or formation of PDGFRα/β heterodimers. We have added 
the following paragraph to the Discussion to address these findings: “Interestingly, we took 
multiple approaches to generate a PDGFRαV1/βV2 stable cell line, with limited success. A single 
clone expressing both receptors was obtained among 188 clones screened. However, despite two 
rounds of subcloning, the frequency of BiFC events remained surprising low. Relatedly, qRT-PCR 
analyses revealed that expression of PDGFRA and PDGFRB was approximately 4-fold and 13-fold 
lower, respectively, in this clone compared to our PDGFRα and PDGFRβ homodimer cell lines. 
Moreover, the cells grew very slowly compared to parental HCC15 cells and both PDGFRα and 
PDGFRβ homodimer cell lines. Taken together, we have concluded that HCC15 cells do not 
tolerate combined expression of PDGFRα and PDGFRβ, and/or formation of PDGFRα/β 
heterodimers.” 

2) The system used in this study is rather artificial on the one hand using cells not
expressing these receptors and on the other hand studying recombinant receptor chains fused

Response to Reviewers

Reviewer 1: 
Reviewer 1 Advance Summary and Potential Significance to Field: 
In this study, the authors demonstrated that activation, trafficking and downstream signaling 
depend on the specificity of dimerization of PDGFR in the human HCC15 lung cancer cell line. 
By using bimolecular fluorescence complementation, they nicely showed that the 
composition of PDGFR dimers regarding the receptor chains used determines important 
biological aspects like speed of dimerization, activation, internalization, recycling and 
degradation resulting in changes of cellular behavior (proliferation, migration). Overall, this 
study is timely and very interesting and helps to understand the mechanism involved in 
regulating PDGF signaling. I am supportive of this study. 
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to a larger unrelated Venus sequence. I understand that the lack of chain-specific antibodies 
limits the possibilities of studying endogenous receptors in their normal environment. Also I 
see the point in using cells that lack both receptor chains, but I still think that cells normally 
expressing both chains (PDGFRα and PDGFRβ) and expressing all or most known interaction 
partners may show a different maybe even more pronounced phenotype. If the results 
reported here are of physiological relevance it should be possible to confirm these by 
comparing the proliferation and migration behavior of primary MEFs derived from each of the 
single Pdgfr knockout mice (used in their earlier publication Fantauzzo & Soriano 2016). 

Unfortunately, we no longer have Pdgfrafl/fl;Meox2-Cre+/Tg nor Pdgfrbfl/fl;Meox2-Cre+/Tg 
mice in our colony. However, we do have Pdgfrafl/fl;Wnt1-Cre+/Tg and Pdgfrbfl/fl;Wnt1-Cre+/Tg 
mice, in which each receptor is ablated in the neural crest-derived craniofacial mesenchyme. We 
have derived primary mouse embryonic palatal mesenchyme cells from these embryos for use in 
proliferation and migration assays. Importantly, this is a cell type in which both PDGFRα and 
PDGFRβ are known to be expressed and active (Fantauzzo and Soriano, 2016; Fantauzzo and 
Soriano, 2017), and which exhibits a phenotype in vivo when either or both receptors are ablated 
(Tallquist and Soriano, 2003; Fantauzzo and Soriano, 2016). We have added the following 
sentences to the Results to summarize these findings: “To confirm these results in a 
physiologically-relevant setting in which both PDGFRα and PDGFRβ are endogenously expressed, 
we cultured primary mouse embryonic palatal mesenchyme (MEPM) cells derived from the palatal 
shelves of embryonic day 13.5 Pdgfrafl/fl;Wnt1-Cre+/Tg or Pdgfrbfl/fl;Wnt1-Cre+/Tg embryos 
(Fantauzzo and Soriano, 2016). We reasoned that PDGF-AA ligand treatment of Pdgfrbfl/fl;Wnt1-
Cre+/Tg cells could only activate PDGFRβ homodimers, while PDGF-BB ligand treatment of Pdgfrafl/

fl;Wnt1-Cre+/Tg cells could only activate PDGFRβ homodimers. Confirming the results from the 
HCC15-based stable cell lines, upon exogenous PDGF ligand stimulation, the cells expressing 
PDGFRβ proliferated significantly more than those expressing PDGFRα in both starvation medium 
containing 0.1% FBS (0.200 ± 0.0148 versus 0.0778 ± 0.0115; p = 0.0006; Fig. S6A) and growth 
medium containing 10% FBS (0.317 ± 0.0318 versus 0.137 ± 0.0326; p = 0.0056; Fig. S6A). 
Similarly, the cells expressing PDGFRβ migrated significantly more than those expressing PDGFRα 
in the presence of exogenous PDGF ligand (4.89 x 104 ± 1.59 x 103 versus 2.64 x 104 ± 4.02 x 103; p 
= 0.0193; Fig. S6B-D). Collectively, these cellular activity assays provided evidence that activated 
PDGFRβ homodimers generate stronger pro-proliferation and pro-migration signals than PDGFRα 
homodimers.” We thank the Reviewer for suggesting these experiments, which helped us confirm 
our results in a physiologically-relevant setting. 

Minor point: 
Probably due to downscaling the text labeling used in some subfigures (in particular that of 
the quantifications or that used for the schematic in figure S1) appears to be extremely 
small. It would help to use larger abbreviation letters explained in the corresponding legend 
(e.g. Ig for immunoglobulin or Tk for tyrosine kinase). 

We have abbreviated the words “immunoglobulin” and “tyrosine kinase” in Figure S1A in 
order to increase the size of the text in the schematic. We also increased the size of the graphs in 
Figures 1E-H, 2E, 4E and 5A,D. 

Reviewer 2: 
Reviewer 2 Advance Summary and Potential Significance to Field: 
This manuscript presents a study of signaling specificity by two PDGFR homodimers. 
The authors used bimolecular fluorescence complementation to detect dimers in cell 
lines engineered with different receptor forms. 

Reviewer 2 Comments for the Author: 
While signaling specificity is a topic of major interest, and while PDGFR signaling is of 
broad biological relevance, it is unclear how the study findings will ultimately contribute 
to the field. The manuscript lacks a unifying conceptual model to tie the various 
observations together, making this manuscript a largely descriptive exercise. As a result, 
the paper does not ultimately provide insight into the mechanisms that lead to the 
differential activation of alpha versus beta PDGFRs. Some additional specific issues are 
described below. 

In an attempt to move away from descriptive experiments and test our model further, 
we have added new experiments using the lysosome inhibitor chloroquine (Figure 4) and the 
dynamin inhibitor Dyngo-4a (see point 3 below; Figure 7). We have added the following sentences 
to the Discussion to summarize the chloroquine experiments: “We further demonstrated that 
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lysosomal inhibition partially alleviated both PDGFRα and PDGFRβ degradation following 1 h of 
PDGF ligand treatment, indicating an early wave of lysosomal degradation for both receptors. 
Notably, while lysosomal inhibition had little effect on PDGFRα levels after 4 h of ligand 
treatment, it significantly increased PDGFRβ levels, suggesting later waves of proteasomal and 
lysosomal degradation for PDGFRα and PDGFRβ, respectively. These findings align with prior 
results demonstrating the relevance of both degradation pathways for PDGFRs (Li et al., 2017; 
Mori et al., 1995; Reddi et al., 2007; Rorsman et al., 2016).” We have added the following 
sentences to the Discussion to summarize the Dyngo-4a experiments: “Importantly, we 
demonstrated that inhibition of clathrin-mediated endocytosis resulted in alterations in cellular 
trafficking and downstream signaling dynamics for PDGFRα homodimers. These findings indicate a 
particular requirement for rapid internalization and trafficking of PDGFRα homodimers in the 
propagation of downstream signaling. The observed difference in AKT phosphorylation following 
PDGFRα homodimer activation between untreated versus Dyngo-4a-treated conditions is 
particularly noteworthy, as PDGFRα homodimers have been shown to predominantly signal 
through the PI3K/Akt pathway during development (Klinghoffer et al., 2002). Taken together, 
these findings support a model in which differences in the timing and extent of PDGFR homodimer 
internalization and trafficking fine tune downstream signaling responses.” These results 
confirmed our previous co-localization findings and provided further evidence supporting our 
model. 

1. It is unclear if the receptors are expressed equally across the engineered cell lines. 
Differences in expression could have important consequences on signaling dynamics. It is also 
unclear if the affinities of the ligands are the same for the different receptors.

We have now performed qRT-PCR analysis to assess expression of PDGFRA and PDGFRB in 
both of the PDGFR-BiFC homodimer cell lines and added this data to Supplemental Figure 1D. 
We have added the following sentences to the Results to summarize these findings: 
“Next, we examined expression of transcripts encoding each receptor using quantitative real-
time PCR (qRT-PCR), revealing similar expression of PDGFRA (6.49% ± 1.92% of B2M expression) 
and PDGFRB (14.8% ± 2.26% of B2M expression) in their respective cell lines (Fig. S1D). 
Interestingly, this ratio of PDGFRA to PDGFRB expression is comparable to the ratio of 
endogenous receptor expression previously reported in mouse embryonic fibroblasts, in which 
all three PDGFR dimers are active (Fantauzzo and Soriano, 2016).” We thank the Reviewer 
for suggesting this experiment, which helped us to more completely characterize our 
engineered cell lines. 

We cannot comment on whether the affinities of the ligands are the same for the 
different receptors and feel that these studies are beyond the scope of the current manuscript. 
However, our previous study of endogenous receptors in mouse embryonic fibroblasts 
demonstrated that PDGF-AA treatment results in the exclusive autophosphorylation of PDGFRα 
and that PDGF-BB and PDGF-DD treatments result in the preferential autophosphorylation of 
PDGFRβ (Fantauzzo and Soriano, 2016). Given that loss of Pdgfa and Pdgfc in mice phenocopies 
loss of Pdgfra (Ding et al. 2004; Soriano 1997), and that loss of Pdgfb phenocopies loss of Pdgfrb 
(Levéen et al., 1994; Soriano 1994), we felt that PDGF-AA and PDGF-BB were the most 
appropriate ligands to use in our studies. To make this point clear to readers, we have added the 
following sentence to the Results: “An important caveat to keep in mind, however, is that it is 
unclear if the ligands used in this study have the same affinities for their respective BiFC-tagged 
receptors.” 

2. Given that these receptors heterodimerize, the utility of studying them separately in
two different cell lines is unclear.

As we discuss in the Introduction, the PDGFRs homodimerize as well as heterodimerize 
to form PDGFRα/α homodimers, PDGFRβ/β homodimers and PDGFRα/β heterodimers. To date, no 
study has compared the dimer-specific dynamics of PDGFR activation, trafficking and signal 
attenuation, nor the roles of these processes in mediating signal transduction and cellular 
activity. The BiFC system that we employed allows for dimer-specific visualization and 
purification upon integration of a single PDGFR-V1 construct and a single PDGFR-V2 construct (i.e. 
a single dimer can be assayed per cell line). Here, we used this system to compare PDGFRα/α 
homodimers with PDGFRβ/β homodimers for the first time. While we feel that similar analyses of 
PDGFRα/β heterodimers would add to the manuscript, a graduate student and postdoctoral fellow 
in the lab have spent a combined 18 months trying to generate a PDGFRαV1/βV2 stable cell line 
with limited success. Multiple methods were attempted: 1) simultaneously introducing PDGFRα-V1 
and PDGFRβ-V2 via lentiviral transduction with the same selectable marker; 2) simultaneously 
introducing PDGFRα-V1 via lentiviral transduction and PDGFRβ-V2 via retroviral transduction with 
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different selectable markers; and 3) sequentially introducing PDGFRβ-V2 via retroviral 
transduction followed by PDGFRα-V1 via lentiviral transduction with different selectable markers. 
A single clone among 188 clones screened passed our initial screening tests, revealing Venus 
fluorescence upon ligand treatment, integration of correct PDGFRα-V1 and PDGFRβ-V2 sequences 
and expression of both receptors via western blotting. However, despite two rounds of subcloning 
Venus-positive cells, the frequency of BiFC events remained surprisingly low (approximately 5 
Venus-positive cells amongst a relatively confluent 24-well plate well). Relatedly, qRT-PCR 
analyses demonstrated that the PDGFRαV1/βV2 clone expressed PDGFRA approximately 4 times 
lower than our PDGFRαV1/αV2 cells and PDGFRB approximately 13 times lower than our PDGFRβV1/
βV2 cells. Moreover, the cells grew very slowly compared to parental HCC15 cells and both 
PDGFRαV1/αV2 and PDGFRβV1/βV2 cell lines. Taken together, we have concluded that HCC15 cells 
do not tolerate combined expression of PDGFRα and PDGFRβ, and/or formation of PDGFRα/β 
heterodimers. We have added the following paragraph to the Discussion to address these findings: 
“Interestingly, we took multiple approaches to generate a PDGFRαV1/βV2 stable cell line, with 
limited success. A single clone expressing both receptors was obtained among 188 clones 
screened. However, despite two rounds of subcloning, the frequency of BiFC events remained 
surprising low. Relatedly, qRT-PCR analyses revealed that expression of PDGFRA and PDGFRB was 
approximately 4-fold and 13-fold lower, respectively, in this clone compared to our PDGFRα and 
PDGFRβ homodimer cell lines. Moreover, the cells grew very slowly compared to parental HCC15 
cells and both PDGFRα and PDGFRβ homodimer cell lines. Taken together, we have concluded 
that HCC15 cells do not tolerate combined expression of PDGFRα and PDGFRβ, and/or formation of 
PDGFRα/β heterodimers.” 

3. The potential role of endosomal signaling is acknowledged in the Introduction, but the 
authors did not directly consider how the observed ERK/AKT signaling dynamics may be 
influenced by differences in this phenomenon between the ligand/receptor pairs.

We have added a new set of experiments using the dynamin inhibitor Dyngo-4a, which 
are represented in a new figure, Figure 7. We have added the following paragraph to the Results 
to summarize these findings: “To test the requirement for PDGFR endocytosis in downstream cell 
signaling, we performed a 1 h pretreatment with Dyngo-4a, which inhibits the large GTPase 
dynamin from pinching off clathrin-coated vesicles from the cell membrane (McCluskey et al., 
2013; Sadowski et al., 2013). When clathrin-mediated endocytosis of the PDGFRs was inhibited, 
PDGFRα homodimer co-localization with Rab5 at 2 min of PDGF ligand treatment (0.121 ± 0.0175 
PCC; Fig. 7A,B-B’’) was significantly reduced from its previous value (p = 0.0350) to a level similar 
to that of PDGFRβ homodimers (0.137 ± 0.0135 PCC; Fig. 7A,C- C’’). Furthermore, treatment of 
both cell lines with Dyngo-4a resulted in distinct changes in signaling downstream of each PDGFR 

homodimer. PDGFRα homodimers exhibited delayed phosphorylation of ERK1/2 in response to 

PDGF ligand following dynamin inhibition, with relative induction remaining below baseline levels 
until 1 h or more of ligand stimulation and peaking at 4 h (1.37 ± 0.518 R.I.; Fig. 7D,E). 
Alternatively, the early phosphorylation dynamics of ERK1/2 in response to PDGFRβ homodimer 
activation were not affected by dynamin inhibition, peaking at 30 min of ligand stimulation (2.47 ± 
0.442 R.I.; Fig. 7D,E) as in non-Dyngo-4a experiments. Similar to the phosphorylation of ERK1/2, 
phosphorylation of AKT in response to PDGFRα homodimer activation exhibited significantly 
reduced induction at 15 min (p = 0.0311) and 30 min (p = 0.0194) of PDGF ligand stimulation 
following dynamin inhibition compared to non-Dyngo-4a experiments, with relative induction 
remaining below baseline levels until 1 h or more of ligand stimulation and peaking at 4 h (1.60 ± 
0.0529 R.I.; Fig. 7F,G). Comparably, phosphorylation of AKT in response to PDGFRβ homodimer 
activation also peaked at a later timepoint of 1 h of ligand stimulation (4.22 ± 1.10 R.I.). Taken 
together, these data demonstrated that inhibition of clathrin-mediated endocytosis results in 
alterations in cellular trafficking and downstream signaling dynamics for PDGFR homodimers, with 

a greater impact on PDGFRα than PDGFRβ.” We have added the following sentences to the 

Discussion to further place these results into the broader context of our findings: “Importantly, we 
demonstrated that inhibition of clathrin-mediated endocytosis resulted in alterations in cellular 

trafficking and downstream signaling dynamics for PDGFRα homodimers. These findings indicate a 

particular requirement for rapid internalization and trafficking of PDGFRα homodimers in the 

propagation of downstream signaling. The observed difference in AKT phosphorylation following 

PDGFRα homodimer activation between untreated versus Dyngo-4a-treated conditions is 

particularly noteworthy, as PDGFRα homodimers have been shown to predominantly signal through 

the PI3K/Akt pathway during development (Klinghoffer et al., 2002). Taken together, 

© 2022. Published by The Company of Biologists under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/). 
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these findings support a model in which differences in the timing and extent of PDGFR homodimer 
internalization and trafficking fine tune downstream signaling responses.” We thank the Reviewer 
for suggesting this line of experiments, as the results confirmed our previous co-localization 
findings and provided further evidence supporting our model. 

4. Fig. 2C: The authors may want to clarify if the results at 15 min are consistent with the
split GFP measurements.

We are unclear exactly what the Reviewer is requesting here, but believe it is a 
suggestion to quantify Venus fluorescence intensity upon 15 minutes of PDGF ligand stimulation. 

As peak dimerization for both PDGFRα homodimers and PDGFRβ homodimers as assessed by GFP-

Trap immunoprecipitation occurs after 5 minutes of PDGF ligand treatment (Figure 2C), we feel 
that the 5 minute timepoint used in the fluorescence intensity experiments in Figure 
1B,B’,D,D’,E,F is the most appropriate. 

5. Fig 3C: Though the text notes greater colocalization of PDGFb with membrane marker
Na+/K+ ATPase after 5 min of treatment, the immunofluorescence image for PDGFb (Fig. 3C)
appears to have greater PDGFR signal near the nucleus than at the membrane. Conversely, a
larger fraction of PDGFRa signal appears to be plasma membrane-proximal than for PDGFRb.

As discussed below for point 8, we have now performed an additional independent trial, 
or biological replicate, for each of the fluorescence colocalization experiments, bringing the total 
to three biological replicates. For each biological replicate, at least 20 technical replicates 
consisting of individual cells were imaged. The corresponding graphs of this data now superimpose 
the average value of each biological replicate on the measurements from each cell per trial in 
super plots as recommended by the journal. Statistics were subsequently performed using a two-
tailed, unpaired t-test with Welch’s correction on the average values. In the case of Na+/K+-
ATPase, there is no longer any significant difference in co-localization between PDGFR 
homodimers at 1, 2 or 5 min, though there is a continued trend for increased co-localization of 
PDGFRβ homodimers with this cell membrane marker at 5 min of ligand treatment. We have 
replaced the representative images for PDGFRβ homodimers in Figure 3C-C’’, which more clearly 
demonstrate co-localization of the Venus signal with the cell membrane marker. 

6. Figs. 6 & 7: The authors claim that activation of PDGFRb homodimers drives stronger
proliferation and migration. The authors should consider juxtaposing this result with some
well-known studies, including studies of the impact of differential ERK signaling dynamics in
the context of ErbB signaling (e.g., Freed et al. [Cell 2017], Brueggemann et al. [Sci. Sig.
2021], etc.) or TrkA signaling (e.g., numerous PC12 cell studies).

We thank the Reviewer for this suggestion. We have added the following sentences to 
the Discussion: “The duration of Erk1/2 signaling downstream of RTK activation has been shown 
to determine cellular responses in various settings, with transient signaling resulting in 
proliferation and sustained signaling leading to differentiation or migration (Bruggemann et al., 
2021; Freed et al., 2017; Marshall, 1995). Given the relatively sustained ERK1/2 signaling 
downstream of PDGFRβ homodimer activation, it is interesting that both proliferation and 
migration were stimulated.” 

7. While activated PDGFRb homodimers clearly drive more migration in response to PDGF-
BB, it is unclear that they drive a meaningful (and not just statistically significant) ligand-
mediated increase in proliferation based on the data in Figure 7, despite the baseline
proliferative rate being greater than that for cells expressing primarily PDGFRa. An
alternative proliferation marker (e.g., Rb protein—see Brueggemann et al. [Sci. Sig. 2021])
may be useful to more definitively assess whether either receptor really drives significant
proliferation.

As HCC15 cells harbor a nonsense mutation in RB1 (Cancer Cell Line Encyclopedia), we 
assessed proliferation using an alternative marker, Ki67. We have added the following sentences 
to the Results to summarize these findings: “These effects were confirmed via 
immunofluorescence analysis using the proliferation marker Ki67 (Gerdes et al., 1984) (Fig. S5A-
B’). Here, both cell lines exhibited trends for increased proliferation upon exogenous PDGF ligand 

stimulation, with cells expressing PDGFRβ proliferating more than those expressing PDGFRα in the 

absence and presence of ligand (Fig. S5C).” 

© 2022. Published by The Company of Biologists under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/). 
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8. For immunofluorescence data, the authors should provide a description of the average 
number of cells included per field of view and the homogeneity/heterogeneity of PDGFRa and 
PDGFRb expression in the Methods and/or Results. They should also consider additional 
biological replicates and clarify how they extract 20 biological replicates from each of two 
biological replicates in the present data. 

We have now counted the total number of cells per image as well as the number of 
Venus-positive cells per image amongst the more than 120 images used to quantify fluorescence 
intensity following 5 minutes of ligand treatment for each cell line. We have added the following 
sentence to the Results section: “Amongst images with an average number of 15.4 cells for the 

PDGFRα homodimer cell line and 19.5 cells for the PDGFRβ homodimer cell line, we detected 1.45 

(9.40%) and 1.53 (7.83%) Venus-positive cells, respectively.” In addition to the representative 
fluorescence images in Figure 1A-D’, the corresponding graphs in Figure 1E,F now superimpose the 
average value of each biological replicate on measurements from each cell per trial in super plots 
as recommended by the journal. We feel that this representation accurately reflects the 
variability of PDGFR expression intensity at 5 minutes. Similarly, in addition to the representative 
immunofluorescence images in Figures 1I-J”; 3B-C”,E-F”; 4B-C”; 5B-C”,E-F”; 7B-C”; and S3B-C”, 
the corresponding graphs in Figures 1G,H; 3A,D; 4A; 5A,D; 7A; and S3A now superimpose the 
average value of each biological replicate on the measurements from each cell per trial in super 
plots as recommended by the journal. We feel that this representation accurately reflects the 
variability of PDGFR expression localization at each timepoint analyzed. 

We have now performed an additional independent trial, or biological replicate, for each 
of the fluorescence colocalization experiments, bringing the total to three biological replicates. 
For each biological replicate, at least 20 technical replicates consisting of individual cells were 
imaged. The corresponding graphs of this data in Figures 1E-H; 3A,D; 4A; 5A,D; 7A; and S3A now 
superimpose the average value of each biological replicate on the measurements from each cell 
per trial in super plots as recommended by the journal. Statistics were subsequently performed 
using a two-tailed, unpaired t-test with Welch’s correction on the average values. Importantly, 

this analysis revealed significant differences in marker colocalization for PDGFRα homodimers 

versus PDGFRβ homodimers in the cases of Rab 5 (2 min and 5 min), Rab7 (60 min), Rab4 (15 
min), Rab11 (90 min) and Na+/K+-ATPase (90 min). We have added the following sentences to the 
Materials and methods section: “For marker co-localization experiments, three independent 
trials, or biological replicates, were performed for each cell line. For each biological replicate, at 
least 20 technical replicates consisting of individual cells were imaged with Z-stacks (0.24 µm 
between Z-stacks with a range of 1-15 Z-stacks) per timepoint… Statistical analyses were 
performed on the average values from each biological replicate with Prism 9 (GraphPad Software 
Inc.) using a two-tailed, unpaired t-test with Welch’s correction.” 
 
9. In the Discussion, conformational differences of the two receptors are proposed as an 
explanation for observed differences in dimerization and autophosphorylation rates of the 
two PDGFRs, with Freed et al. 2017 cited as the relevant reference. This reference does not 
seem appropriate as Freed et al. was a study of EGFR activation by different ligands. If the 
authors have a specific reason for drawing this connection, it should be spelled out more 
clearly. 

We thank the Reviewer for pointing out this oversight. We have revised the relevant 
sentences as follows: “It is possible that the trends in dimerization and activation observed in our 
experiments may be due to different conformations of the receptors prior to and during 
activation. There is precedent for this concept in the RTK field, as the extracellular regions of 
ErbB family members EGFR, ErbB3 and ErbB4 possess an intramolecular tether in the absence of 
ligand binding that buries the dimerization arm of the cysteine-rich 1 subdomain (Bouyain et al., 
2005; Cho and Leahy, 2002; Ferguson et al., 2003), while ErbB2 exists in an extended 
conformation that exposes both cysteine-rich subdomains (Cho et al., 2003; Garrett et al., 2003).” 
 
Reviewer 3: 
Reviewer 3 Comments for the Author: 
The manuscript entitled “PDGFR dimer-specific activation, trafficking and downstream 
signaling dynamics” by Rogers and Fantauzzo assessed PDGFR dimer-specific dynamics in cell 
lines stably expressing C-terminal fusions of alpha or beta PDGF receptors (PDGFRs) with BiFC 
fragments of Venus fluorescent protein. They observed that PDGFRbeta receptors 
homodimerize more rapidly than PDGFRalpha receptors in response to ligand and have 
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increased autophosphorylation. Furthermore, they observed that PDGFRalpha are degraded 
more quickly than PDGFRbeta, which correlates with PDGFRbeta being recycled back to the 
cell membrane. Finally, they show that PDGFRbeta activation results in increased ERK1/2 and 
AKT signaling, as well as increased cell proliferation and migration. 

Overall, this is a very interesting study that uses an elegant system to assess PDGF receptor 
dimerization, signaling and downstream effects. Furthermore, the quality of the images and 
western blots are excellent. However, there are a few concerns that would need to be 
addressed in order to strengthen the authors’ conclusions. 

We thank the Reviewer for these supportive comments. 

Major points: 
1) Relative expression of the V1- and V2-tagged receptors:
Although it is not necessary to know the relative levels of V1 and V2 receptors for the
signaling analyses (autophosphorylation, ERK1/2 and AKT signaling, etc.), it is essential to
know what the relative expression of the V1- and V2-tagged receptors is for the fluorescence
experiments. This is because the stoichiometry of V1 and V2 receptor interaction may alter
the extent and duration of endocytosis and subcellular trafficking. Interestingly, all the PDGFR
western blots contained doublets. Do the two bands represent the V1- and V2-tagged versions
of the receptors (due to slight variation in the molecular weights of the V1 and V2 tags)? If so,
expression of each receptor (transiently and in combination in 293T cells, for example) would
be helpful to indicate which of the two tagged receptors correspond to which band in the
blots. This is particularly interesting in the P-PDGFR blots because only one band of >190kDa
was observed. Does this band correspond to only the top band in the PDGFR blots?

Importantly, all fluorescence experiments quantified Venus fluorescence intensity or co- 
localization with various markers. As individual Venus puncta can only arise due to 
complementation of a single PDGFR-V1 monomer with a single PDGFR-V2 monomer, we are 
confident that all internalization and trafficking studies were performed by assessing PDGFR 
dimers with equal stoichiometry of V1 and V2. Any monomeric receptors, V1/V1 dimers or V2/V2 
dimers would not be expected to fluoresce and were not quantified here. 

We performed the suggested experiment of transiently transfecting HEK 293T/17 cells 
with individual PDGFR-BiFC expression constructs as well as relevant combinations of expression 
constructs. We have added the following sentences to the Results section summarizing these 
findings: “Interestingly, each of the blots for total PDGFR protein levels revealed a doublet with a 

lower band at 170 kD (PDGFRα) or 180 kD (PDGFRβ) and an upper band at 190 kD (Fig. S1E,F; Fig. 

2A,B,D). To determine whether the bands correspond to V1 and/or V2-tagged PDGFRs, we 
transiently transfected HEK 293T/17 cells with individual PDGFR-BiFC expression constructs as 
well as relevant combinations of expression constructs. Each transfected lane had two bands (Fig. 
S2), likely representing the non-glycosylated and glycosylated versions of the PDGFRs (Shim et 
al., 2010). These bands ran very slightly higher in the individual V1 lanes than the same bands in 
the individual V2 lanes (Fig. S2), which would be expected given the sizes of V1 (156 amino acids) 
and V2 (78 amino acids). However, the anti-phospho-PDGFR blots revealed a single, upper band of 
190 kD for both cell lines (Fig. 2D), indicating that only the glycosylated BiFC-tagged PDGFRs are 
phosphorylated upon PDGF ligand stimulation.” We thank the Reviewer for suggesting this 
experiment, which clarifies several of our biochemical results. 

2) Number of experiments carried out and statistical analysis:
In a number of experiments, there were only 2 biological replicates quantified and each cell
was graphed to obtain a mean S.E.M. This is problematic for several reasons. First, there
should be a minimum of 3 biological replicates for quantitation and stats. Second, all of the
values for one biological experiment should be averaged and represented by 1 data point (
SD). Then when 3 experiments are averaged, one can obtain the S.E.M for the complete
series of experiments (with a minimum of N=3). Based on this, another biological replicate is
needed for Figures 1, 3, 4A and 5, with graphs containing 3 data points taken as the mean.

We have now performed an additional independent trial, or biological replicate, for each 
of the fluorescence colocalization experiments, bringing the total to three biological replicates. 
For each biological replicate, at least 20 technical replicates consisting of individual cells were 
imaged. The corresponding graphs of this data in Figures 1E-H; 3A,D; 4A; 5A,D; 7A; and S3A now 
superimpose the average value of each biological replicate on the measurements from each cell 
per trial in super plots as recommended by the journal. Statistics were subsequently performed 
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using a two-tailed, unpaired t-test with Welch’s correction on the average values. Importantly, 

this analysis revealed significant differences in marker colocalization for PDGFRα homodimers 

versus PDGFRβ homodimers in the cases of Rab 5 (2 min and 5 min), Rab7 (60 min), Rab4 (15 
min), Rab11 (90 min) and Na+/K+-ATPase (90 min). We have added the following sentences to the 
Materials and methods section: “For marker co-localization experiments, three independent 
trials, or biological replicates, were performed for each cell line. For each biological replicate, at 
least 20 technical replicates consisting of individual cells were imaged with Z-stacks (0.24 µm 
between Z-stacks with a range of 1-15 Z-stacks) per timepoint… Statistical analyses were 
performed on the average values from each biological replicate with Prism 9 (GraphPad Software) 
using a two-tailed, unpaired t-test with Welch’s correction.” 

3) Receptor degradation:
Do lysosome inhibitors block the degradation of the receptors? If acidotropic agents
preferentially inhibit the beta vs. alpha receptors, this would strengthen the argument that
trafficking to the lysosome is different for each receptor.

We have added a new set of experiments using the lysosome inhibitor chloroquine, 
which are represented in Figure 4. We have added the following paragraph to the Results to 
summarize these findings: “To test whether the above receptor degradation is due to trafficking 
to the lysosome, we performed a 1 h pretreatment with the lysosome inhibitor chloroquine 
(Wiesmann et al., 1975) followed by a 30 min pretreatment with cycloheximide. Cells were 
stimulated with PDGF ligand and receptor levels were assessed via western blotting as described 

above. While the PDGFRα homodimer cell line showed no significant difference in receptor levels 

in the absence versus presence of chloroquine, there was a trend of increased receptor levels 
upon lysosome inhibition at the 1, 2 and 4 h timepoints. In particular, the 1 h timepoint revealed 

a 19% increase in PDGFRα receptor levels in the presence of chloroquine (Fig. 4F,G). The PDGFRβ 

homodimer cell line exhibited a noticeable (42%) increase in PDGFRβ receptor levels at the 1 h 

timepoint in the presence of chloroquine, similar to the PDGFRα homodimer results, as well as a 

significant difference in receptor levels in the absence (0.224 ± 0.0812 relative receptor levels 
(R.R.L.)) versus presence of chloroquine (0.534 ± 0.0734 R.R.L.; p = 0.0479) at the 4 h timepoint 
(Fig. 4F,G). Collectively, these data suggested that trafficking to the lysosome contributes to 

PDGFR degradation following approximately 1 h of ligand treatment. Furthermore, while PDGFRα 

is degraded to a similar extent in the absence versus presence of chloroquine, indicating that it 
may primarily undergo proteasomal degradation in response to sustained ligand treatment, the 
second wave of PDGFRβ degradation appears to be almost exclusively lysosomal.” We have added 
the following sentences to the Discussion to further place these results into the broader context 

of the field: “We further demonstrated that lysosomal inhibition partially alleviated both PDGFRα 

and PDGFRβ degradation following 1 h of PDGF ligand treatment, indicating an early wave of 
lysosomal degradation for both receptors. Notably, while lysosomal inhibition had little effect on 

PDGFRα levels after 4 h of ligand treatment, it significantly increased PDGFRβ levels, suggesting 

later waves of proteasomal and lysosomal degradation for PDGFRα and PDGFRβ, respectively. 

These findings align with prior results demonstrating the relevance of both degradation pathways 
for PDGFRs (Li et al., 2017; Mori et al., 1995; Reddi et al., 2007; Rorsman et al., 2016).” We 
thank the Reviewer for suggesting this line of experiments, as the results confirmed our previous 
co-localization findings and provided further evidence supporting our model. 

4) On line 116-117:“After 24 h of starvation in HITES media, which lacks any growth
factors, we photobleached the coverslips to ensure that all imaging captured newly-formed
BiFC events.” This is very interesting. In the non-bleached cells, where was the majority of
the signal seen? At the cell surface or intracellularly? This data would be informative
because it would indicate if receptors dimerize in the peri-nuclear region (maybe in the
Golgi apparatus?), at the cell surface, or somewhere in between? Furthermore, in Figure 2,
ligand stimulation only increased receptor dimerization by 25- 50%, suggesting that a large
proportion of V1 and V2 receptors are already dimerized in the absence of ligand. Visual
fluorescence would most likely confirm this data.

We have added new data assessing the subcellular localization of Venus signal before 
photobleaching and PDGF ligand treatment, which are represented in Figure S1. We have added 
the following sentences to the Results to summarize these findings: “We initially starved the cells 
for 24 h in HITES medium, which lacks any growth factors, followed by fluorescence microscopy to 

determine baseline expression of Venus. For the PDGFRα homodimer cell line, the majority of 
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Venus expression localized just outside of the nucleus (54%) (Fig. S1G,G’), with additional 
expression detected in the cytoplasm (21%), cell membrane (17%) and nucleus (8%). For the 
PDGFRβ homodimer cell line, Venus expression equally localized just outside of the nucleus (33%) 
(Fig. S1H,H’) and within the nucleus (33%) (Fig. S1I,I’), with additional expression in the cell 
membrane (19%) and cytoplasm (14%).” We have added the first two sentences to the following 
paragraph in the Discussion to address these results. We believe that the second half of the 
paragraph addresses the Reviewer’s second point above: “Our initial characterization of Venus 
expression in the absence of photobleaching and PDGF ligand treatment for the PDGFR homodimer 
cell lines indicated some baseline BiFC expression concentrated at different subcellular locations 
than what we observed for each cell line upon exogenous ligand stimulation. This Venus 
expression is likely due to low levels of PDGF ligand expressed by HCC15 cells and/or PDGFR 
homodimer formation in the absence of ligand stimulation. Similarly, our GFP-Trap purification of 
the PDGFR homodimers revealed increased dimerization for both upon PDGF ligand stimulation, as 
well as, surprisingly, the presence of dimerized receptors in the absence of ligand stimulation. As 
recently discussed, an in silico study has implicated that there may be an inactive dimerization 
state for the PDGFRs (Polyansky et al., 2019; Rogers and Fantauzzo, 2020). Interestingly, other 
RTKs, most notably EGFR, have been shown to exist in an inactive dimerized state in the 
membrane prior to a ligand-induced conformational change (Bae and Schlessinger, 2010; Zhang et 
al., 2006). Importantly, even though we detected dimerized PDGFRs in the absence of ligand 
stimulation, we revealed that PDGFR homodimers were only activated upon exogenous ligand 
treatment.” 

Second decision letter 

MS ID#: JOCES/2021/259686 

MS TITLE: PDGFR dimer-specific activation, trafficking and downstream signaling dynamics 

AUTHORS: Madison A Rogers, Maria B Campana, Robert Long, and Katherine A Fantauzzo 
ARTICLE TYPE: Research Article 

We have now reached a decision on the above manuscript. 

To see the reviewers' reports and a copy of this decision letter, please go to: https://submit-
jcs.biologists.org and click on the 'Manuscripts with Decisions' queue in the Author Area. 
(Corresponding author only has access to reviews.) 

Could you please address the two minor points brought up by Reviewer 2 regarding a discussion of 
signaling by homo and heterodimers of PDGFR and the statistics associated with Figure S5. 

Please ensure that you clearly highlight all changes made in the revised manuscript. Please avoid 
using 'Tracked changes' in Word files as these are lost in PDF conversion. 

I should be grateful if you would also provide a point-by-point response detailing how you have 
dealt with the points raised by the reviewers in the 'Response to Reviewers' box. Please attend to 
all of the reviewers' comments. If you do not agree with any of their criticisms or suggestions 
please explain clearly why this is so. 

Reviewer 1 

Advance summary and potential significance to field 

The authors have clearly answered and addressed all concerns by myself and from my reviewer 
colleagues, added further results and gave explanations for not included data. Overall the
manuscript clearly benefitted from the revision experiments and the additional explanations in the 
text, I therefore recommend to accept the manuscript. 
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Comments for the author 

This study is timely and very interesting and helps to understand the mechanism involved in 
regulating PDGF signalling. The manuscript profited from a number of additional experiments and 
clarifying paragraphs in the text. Additionally sufficient and reasonable explanations were given for 
experiments that were tried, but not included in the manuscript. I therefore recommend to accept 
and publish this study. 

Reviewer 2 

Advance summary and potential significance to field 

Overall Assessment: The authors have performed a large number of experiments to characterize the 
differences between two PDGFRs. The data are likely to be of interest to readers who have specific 
interest in PDGFR signaling, though there are some concerns about the clean interpretability of the 
data given that the engineered cell lines express different amounts of the two receptors. If the 
authors had done something to exclude the possibility that these differences affect the qualitative 
differences they are reporting, it would have strengthened this paper substantially. That said, 
there are still some interesting and potentially important results here. 

Comments for the author 

1. The authors have been quite responsive through generating new data in a number of places.
They have also added some new discussion and text throughout the text.
2. By adding the degradation experiment and testing for the impact of PDGFR endocytosis on
downstream signaling using endocytosis inhibitor, the authors have strengthened their support for
the hypothesis that the two homodimers result in differences in internalization and downstream
signaling/phenotype, but a more in-depth discussion about how the two types of homodimers’
conformations contribute to the timing and extent of internalization and downstream signaling is
needed to develop a unifying conceptual model.
3. The authors have now characterized expression differences between PDGFRA and PDGFRB
between their cell lines. PDGFRB was apparently expressed at twice the level that PDGFRA was,
and there is a potential concern that this expression difference could affect some of the
interpretations in the paper. The authors are trying to capture intrinsic differences between the
two receptor forms without the confounding effect of differential receptor expression.
4. The challenge of generating a stable heterodimer-expressing cell line is noted, and the
authors have clearly done an impressive amount of work attempting to generate that cellular
reagent. However, the authors could still comment on relative importance of homodimers versus
heterodimers. There are some studies that show stronger and more sustained MAPK response by
PDGFR heterodimers compared to homodimers (e.g., Ekman et al., Oncogene, 1999).
5. The summary statistics relevant to Fig S5 should be shown there including an indication of
significance.

Reviewer 3 

Advance summary and potential significance to field 

Overall, this is a very interesting study that uses an elegant system to assess PDGF receptor 
dimerization signaling and downstream effects. The approach used allowed the authors to 
distinguish between monomeric vs. dimeric PDGFR, which is a significant contribution to the field. 

Comments for the author 

The authors have successfully addressed my concerns. 
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Second revision 

Author response to reviewers' comments 

Response to Reviewers 

Reviewer 2: 
Reviewer 2 Advance Summary and Potential Significance to Field: 
Overall Assessment: The authors have performed a large number of experiments to characterize 
the differences between two PDGFRs. The data are likely to be of interest to readers who have 
specific interest in PDGFR signaling, though there are some concerns about the clean 
interpretability of the data given that the engineered cell lines express different amounts of 
the two receptors. If the authors had done something to exclude the possibility that these 
differences affect the qualitative differences they are reporting, it would have strengthened 
this paper substantially. That said, there are still some interesting and potentially important 
results here. 

Reviewer 2 Comments for the Author: 

1. The authors have been quite responsive through generating new data in a number of
places. They have also added some new discussion and text throughout the text.
We thank the Reviewer for these supportive comments.

2. By adding the degradation experiment and testing for the impact of PDGFR endocytosis on
downstream signaling using endocytosis inhibitor, the authors have strengthened their support
for the hypothesis that the two homodimers result in differences in internalization and
downstream signaling/phenotype, but a more in-depth discussion about how the two types of
homodimers’ conformations contribute to the timing and extent of internalization and
downstream signaling is needed to develop a unifying conceptual model.
We have added the following sentences to the Discussion to incorporate additional information on
PDGFR conformation: “It is also possible that dimer conformation may play a role in these 
internalization and trafficking dynamics, though the complete conformations of the PDGFR

homodimers remain unknown. Molecules that post-translationally modify both PDGFRα and PDGFRβ

to recruit endosomal machinery, such as the RING-finger E3 ubiquitin ligase Cbl, likely fine-tune
these dynamics (Reddi et al., 2007; Rorsman et al., 2016; Schmid et al., 2018). Furthermore,
PDGFRβ has a known internalization motif located in the C-terminal domain o f the receptor (Mori

et al., 1991; Pahara et al., 2010), while such a motif has yet to be uncovered for PDGFRα,

potentially imparting unique internalization and trafficking mechanisms for the various PDGFR
dimers.”

3. The authors have now characterized expression differences between PDGFRA and PDGFRB
between their cell lines. PDGFRB was apparently expressed at twice the level that PDGFRA
was, and there is a potential concern that this expression difference could affect some of the
interpretations in the paper. The authors are trying to capture intrinsic differences between
the two receptor forms, without the confounding effect of differential receptor expression. We
have added the following sentence to the Discussion to address this concern: “However, we
cannot rule out that the higher expression of PDGFRB than that of PDGFRA in the PDGFR-BiFC-
HCC15 cell lines contributed, at least in part, to the differences in signaling and cell activity
dynamics that we observed between the two homodimer cell lines.”

4. The challenge of generating a stable heterodimer-expressing cell line is noted, and the
authors have clearly done an impressive amount of work attempting to generate that cellular
reagent. However, the authors could still comment on relative importance of homodimers
versus heterodimers. There are some studies that show stronger and more sustained MAPK
response by PDGFR heterodimers compared to homodimers (e.g., Ekman et al., Oncogene,
1999).
We have added the following paragraph to the Discussion regarding PDGFR heterodimers:

“Interestingly, two previous studies have suggested that activation of PDGFRα/β heterodimers leads

to a greater MAPK downstream signaling response than that of either PDGFR homodimer. In the

first, a porcine aortic endothelial cell line stably expressing exogenous PDGFRα and PDGFRβ was

treated with PDGF-AB and PDGF-BB ligand. Stimulation with PDGF-AB ligand, which was
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proposed to generate PDGFRα/β heterodimers, led to reduced phosphorylation at Y771 in the 

cytoplasmic domain of PDGFRβ in comparison to PDGF-BB ligand treatment, which was proposed 
to more efficiently activate PDGFRβ homodimers. This reduced phosphorylation led to decreased 
association of PDGFRβ with a negative MAPK regulator, RasGAP, and increased downstream Ras 
and ERK2 activation (Ekman et al., 1999). In a second study comparing PDGF-AA, PDGF-BB and 
PDGF-DD ligand treatment of mouse embryonic fibroblasts, PDGF-BB ligand led to the greatest 

physical association of PDGFRα and PDGFRβ receptors and induced the highest peak of phospho-

Erk1/2 signal (Fantauzzo and Soriano, 2016). However, in each case, it cannot be ruled out that 
multiple PDGFR dimers formed in response to ligand treatment and contributed to the 

downstream signaling response. Thus, the signaling dynamics downstream of PDGFRα/β 

heterodimer activation, and how these dynamics compare to those detected upon PDGFR 
homodimer activation, remain to be determined.” 

 
5. The summary statistics relevant to Fig S5 should be shown there, including an 
indication of significance. 

Summary statistics from biological replicates consisting of three independent experiments are 
already superimposed on top of data from all collected fields of view in Fig. S5C. However, we 
have now added “ns” to relevant comparisons to indicate that while both cell lines exhibited 
trends for increased proliferation upon exogenous PDGF ligand stimulation, with cells expressing 

PDGFRβ proliferating more than those expressing PDGFRα in the absence and presence of ligand, 

these differences were not statistically significant. 
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