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Abstract 
Sustained angiogenesis, or blood vessel growth, is a characteristic of tumor cell metastasis.1 The 

disordered tumor vasculature restricts the immune response into the tumor region.2 One common 
angiogenic pathway is regulated by the vascular endothelial growth factor (VEGF). However, current 
anti-angiogenic therapies targeting VEGF often result in therapeutic resistance and tumor recurrence. 
Therefore, our lab previously identified a novel target, hornerin, as part of a compensatory angiogenic 
pathway. Hornerin is a VEGF independent protein, located on endothelial cells. Our lab’s previous study, 
focused on pancreatic ductal adenocarcinoma (PDAC), showed that hornerin knockdown normalized 
vessel parameters, such as vessel volume fraction, vessel length density, fractal dimension, and radius 
distribution.2 As such, one of the aims of our project was to replicate previous efforts and characterize the 
effect of hornerin knockdown on tumor vasculature in melanoma. As part of the characterization process, 
our first goal was to optimize an existing vessel analysis software called Rapid Analysis of Vessel 
Elements (RAVE). To address limitations of the software, we implemented batch-processing. Our 
optimization resulted in significantly quicker processing times compared to the original, manual 
processing. Afterwards, our second goal was to quantify the effects of hornerin knockdown on tumor 
vessel normalization in B16 melanoma. To this end, we confirmed the functionality of hornerin siRNA to 
decrease hornerin expression as well as characterized vessel parameters after hornerin knockdown. Our 
results indicated that there was a significant decrease in vessel parameters of vessel volume fraction, 
vessel length density, and fractal dimension between the hornerin siRNA and control group. Furthermore, 
hornerin knockdown reduced the vessel radius size compared to the control group. As such, we concluded 
that hornerin is an effect target for tumor vessel normalization through knockdown in regions where 
hornerin expression is significantly decreased. Future work includes characterization of the downstream 
immune response, as the tumor vasculature often restricts T-cell entry into the tumor region. 
 
Keywords: Angiogenesis, VEGF, hornerin, melanoma, vessel parameters

Introduction 
Cancer is one of the leading causes of death 

worldwide. In the United States alone, around two million 
cancer cases are diagnosed each year, resulting in 
approximately 600,000 deaths.3 Melanoma is the most 
aggressive form of skin cancer and occurs due to genetic 
mutations in melanocytes, which are pigment producing 
cells.4 Based on collected data, approximately 100,000 new 
melanoma cases are diagnosed each year in the United 
States, with around 7,000 expected deaths from the cancer. 
Moreover, the rates of melanoma occurrence have been 
increasing over the last few decades across various age 
groups.5 The high morbidity associated with cancers, 
particularly melanoma, conveys the need for novel 
treatments and innovative methods for deriving such 

treatments to ensure cancer patients receive the best 
possible care.  

Cancer is characterized by rapid proliferation of 
cells, which can lead to the development of tumors, or 
masses of tissue. Cancerous tumors are malignant, which 
allows them to invade other tissues and spread cancer 
throughout the body. As such, cancer treatments strive to 
eliminate cancerous cells and the pathways that encourage 
the abnormal growth of cancer cells. One of these pathways 
involves the interaction between cancerous cells and the 
associated blood and lymphatic vessels. Angiogenesis is the 
development and maintenance of the vascular network that 
is necessary for tumor growth, and sustained angiogenesis 
permits tumor cell metastasis in cancer.1 Blood vessels 
promote the growth of tumors by supporting the high 
oxygen and nutrient demands of the tumors.6 Additionally, 

https://www.zotero.org/google-docs/?8ddVfQ
https://www.zotero.org/google-docs/?F2C1Vy
https://www.zotero.org/google-docs/?nJLxyC
https://www.zotero.org/google-docs/?o1Qqd5
https://www.zotero.org/google-docs/?5hewOd
https://www.zotero.org/google-docs/?aceE7h
https://www.zotero.org/google-docs/?5e9DG2
https://www.zotero.org/google-docs/?tkOfzQ
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cancer cells secrete elevated levels of pro-angiogenic 
factors, contributing to the development of a disordered 
vascular system containing immature and permeable blood 
vessels. The disordered tumor vasculature creates disrupted 
flow patterns and high interstitial fluid pressure that can 
impact the immune response, specifically by restricting T-
cell entry into solid tumors.6  

As such, cancer therapies often use an anti-
angiogenic approach. Specifically, many therapies target 
the vascular endothelial growth factor (VEGF), which is a 
signaling protein that promotes the growth of blood vessels 
and is involved in restoring blood supply to oxygen-
deprived cells and tissues.7 In melanoma, anti-angiogenic 
therapies are mainly VEGF-targeted agents, including 
tyrosine kinase inhibitors and monoclonal antibodies.8 
While current monotherapies produce promising results, 
they often lead to only temporary remission due to the 
possibility of recurrence after completing treatment. The 
lack of long-term success can be attributed to the presence 
of compensatory pathways for angiogenesis. 

A previous study used a phage display proteomics 
approach to identify hornerin, a VEGF independent protein 
located on endothelial cells, as part of a compensatory 
pathway for angiogenesis. siRNA, or small interfering 
RNA, is a form of noncoding RNA that operates within the 
RNA interference pathway to silence specific genes by 
inducing degradation of mRNA.9 Hornerin siRNA is a form 
of siRNA that functions to downregulate, or knockdown, 
the expression of the hornerin protein. The study on 
pancreatic ductal carcinoma (PDAC) used hornerin 
knockdown to demonstrate the functional role of the protein 
in altering the following vessel parameters: vessel volume 
fraction, vessel length density, fractal dimension, which is a 
measure of tortuosity, and vessel radius distribution. 
Hornerin knockdown reduced leakiness in vessels, 
increased oxygenation, increased apoptosis of endothelial 
cells, and decreased the mentioned vessel parameters to 
normalize the tumor vasculature. Based on previous 
literature, hornerin was also found to be expressed in 
psoriatic and wounded skin, presenting it as a novel 
therapeutic target for vessel normalization in melanoma.10 

Rapid Analysis of Vessel Elements (RAVE) is a 
software for image analysis of vessels that characterizes the 
aforementioned vessel parameters: vessel volume fraction 
(VVF), vessel length density (VLD), fractal dimension 
(FD), and radius distribution (RD).11 The RAVE software 
aims to facilitate high-throughput image analysis of 
microvasculature environments with minimal introduction 
of analyst-specific variations. The software takes in an 
image and performs multiple operations on it to collect and 
output the vessel parameters. To perform the analysis, the 

software binarizes the image based on a given threshold 
value. Post-processing, the number of white pixels helps 
calculate the vessel volume fraction. The image is 
subsequently skeletonized to create a one pixel wide outline 
of the vessel which is used for both the vessel length density 
and radius characterization.11 

Prior to RAVE, vessel analysis softwares were 
commercially available as add-ons to microscope systems 
such Nikon’s NIS-elements or Mauna Kei Technologies’ 
Cellvizio, or manual analysis on tumor volume was 
conducted. However, many of the aforementioned options 
are costly and difficult to manipulate for distinct 
experimental analyses.12 As such, a highly accessible and 
adaptable, open source analysis tool such as RAVE, is 
advantageous for vessel analysis.  

Though RAVE presents many benefits, the 
software contains several limitations that decrease the 
sophistication and efficacy of the software. RAVE only 
allows for analysis of a single image at a time, which limits 
the potential for large scale analysis due to the time burden. 
Additionally, the software does not possess an output 
function or the ability to copy and paste, which, along with 
other minor bugs, decrease the functionality of the software. 
Therefore, the first aim of this research is to optimize the 
RAVE software by implementing batch processing, which 
allows for the selection of multiple images for analysis at 
once and adding a function to create a single exportable .csv 
file to create a more user-friendly and efficient interface.  

The second aim of this research is evaluating the 
effects of hornerin knockdown on tumor vasculature in 
melanoma to corroborate the findings of the PDAC study. 
The first sub-aim is to quantify hornerin expression to 
confirm that hornerin siRNA, which was used in the 
aforementioned PDAC study, is indeed a viable mechanism 
for hornerin knockdown. The second sub-aim is to 
characterize the vessel parameters using the optimized 
RAVE software in order to assess the efficacy of hornerin 
knockdown on normalization of tumor vasculature in 
melanoma.  

Results 

Optimization of Rapid Analysis of Vessel Elements 
Software 

As discussed in the introduction, the existing 
RAVE software presented certain limitations, as it 
contained a loading bug, lacked the ability to output 
parameter data and required users to individually analyze 
each image. The optimization of RAVE, therefore, fixed the 
initial loading error, implemented the ability for users to 
output vessel parameters in a .csv file, and allowed users to 
process multiple images using batch-processing. An 

https://www.zotero.org/google-docs/?ALf2tZ
https://www.zotero.org/google-docs/?SPn5Pq
https://www.zotero.org/google-docs/?EsoHDH
https://www.zotero.org/google-docs/?sKJ6FK
https://www.zotero.org/google-docs/?LN0Vor
https://www.zotero.org/google-docs/?Jrq9t3
https://www.zotero.org/google-docs/?cufcrM
https://www.zotero.org/google-docs/?8YhCdX
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example .csv output file is shown in Supplementary Figure 
1. In order to compare the processing times between the 
manual and optimized RAVE, we analyzed three groups of 
five, ten, and twenty representative images using both 
versions. We then conducted unpaired, two-tailed t-tests 
between the processing times to show a statistically 
significant difference. As seen in Figure 1, the optimized 
RAVE resulted in significantly faster processing times for 
the groups of five, ten, and twenty images by 5, 6, and 8-
fold, respectively, at a significance level of 0.005. 
 

 
Figure 1: Processing Times in Manual and Optimized RAVE: Groups 
of 5, 10, and 20 images were analyzed to obtain the processing times for 
both the manual and optimized versions of RAVE. Unpaired, two-tailed 
t-tests were performed to show a statistically significant difference 
between the times. p<0.005. 
 
Characterization of Hornerin Knockdown in B16 
Melanoma 

After completing optimization of the RAVE 
software, we moved forward with our second aim regarding 
the effect of hornerin knockdown on the tumor vasculature 
in B16 melanoma. The first sub-aim was to validate the 
efficacy of hornerin siRNA as a mechanism to knockdown 
hornerin and decrease hornerin expression. Our lab 
conducted tumor studies in which mice were injected with 
B16-OVA melanoma cells on Day 0. After the tumor size 
reached 110 mm3, the mice were split into four experimental 
treatment groups: vehicle (no treatment), AV951 (a VEGF-
inhibitor), hornerin siRNA, and scramble siRNA (which 
served as a negative control). The vehicle and AV951 
treatments were administered using a daily gavage while the 
hornerin siRNA and scramble siRNA treatments were 
administered using intratumoral injections on alternating 
days. Treatments continued until Day 7, when tumors were 
extracted, sectioned, and stained. The tumor cross-sections 
were stained for hornerin, DAPI and CD31, a protein 
present in the endothelial linings.13 Images of the sectioned 
and stained tumors were taken using confocal microscopy 
and representative images are shown in Figure 2. In 
particular, Figure 2 presents a qualitative view of the effect 
of hornerin knockdown on the tumor vasculature, namely 

normalization of the vessels, which will be further 
quantified in the next sub-aim with four vessel parameters.

 
Figure 2: Representative Images from Confocal Imaging: Cross-
sections were stained for hornerin, CD31, and DAPI across four 
experimental groups. Images taken at 20X. A) Vehicle, B) AV951, C) 
Hornerin siRNA, D) Scramble siRNA.   
 

To assess the efficacy of hornerin siRNA in 
decreasing hornerin expression, we quantified the amount 
of hornerin using ImageJ. The hornerin stained channel was 
isolated on ImageJ and the mean grey intensity and 
integrated density were measured. Values for mean grey 
intensity and integrated density correlated with levels of 
hornerin expression. For example, lower values for mean 
gray intensity and integrated density would indicate lower 
levels of hornerin expression. These measurements were 
taken in the hornerin siRNA and scramble siRNA 
experimental groups and representative images of the 
hornerin stained vessels from these two groups are shown 
in Figure 3. In particular, Figure 3 qualitatively shows the 
difference in hornerin expression between the hornerin 
siRNA and scramble siRNA groups. Additionally, the 
hornerin siRNA groups were further separated based on the 
mouse and cage in which the mouse was treated. For 
example, hornerin siRNA M1-1 indicated hornerin siRNA 
treatment in mouse 1 in cage 1 whereas hornerin siRNA  
M3-2 represented hornerin siRNA treatment in mouse 3 in 
cage 2. The treatment locations were arbitrary but labeled 
and noted for our reference in analysis.  

 

https://www.zotero.org/google-docs/?gMF8eO
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Figure 3: Representative Images from Confocal Imaging: Cross-
sections were stained for hornerin and imaged at 20X. A) Hornerin 
siRNA, B) Scramble siRNA.  
 

 
Figure 4: Hornerin Quantification: The left-most graph presents the 
mean grey intensity for various cross-sections while the right-most graph 
presents the integrated density for various cross-sections. Unpaired, two-
tailed t-tests were conducted between the scramble and each of the 
hornerin knockdown groups. * p<0.05, ** p<0.005.  
 

In Figure 4, the x-axis represents the experimental 
groups of scramble siRNA and the five hornerin siRNA 
groups. The y-axes represent the average mean gray 
intensity and average integrated density. Error bars were 
derived from standard deviations and the statistical 
significance was based on unpaired, two-tailed T-tests, 
conducted between the scramble siRNA and each of the 
hornerin siRNA groups. As seen in Figure 4, hornerin 
expression was reduced in endothelial cells in four of the 
five hornerin siRNA groups, namely M3-4, M3-5, M5-2, 
and M6-4, compared to the scramble siRNA group. The 
reduction in hornerin expression was significant in the M5-

2 and M6-4 hornerin siRNA groups at a significance level 
of 0.005 and 0.05, respectively. 
  
Characterization of Vessel Normalization in B16 
Melanoma 

With the results obtained regarding hornerin 
expression, we continued with our second sub-aim to obtain 
vessel parameters across the experimental groups. In 

addition to the vehicle (no treatment), AV951 (a VEGF 
inhibitor), and scramble siRNA experimental groups, we 
conducted vessel parameter analysis on the hornerin siRNA 
M5-2 and hornerin siRNA M6-4 groups, as these two 
groups had the most significant reduction in hornerin 
expression. Using the stained images obtained from 
microscopy earlier and the optimized RAVE software, we 
conducted vessel characterization to obtain the following 
vessel parameters: VVF, VLD, FD and RD. The vessel 
parameter data across the five experimental groups are 
shown in Figures 5 and 6. The error bars on the data were 
derived from standard deviations. Further, due to the 
differences in administration routes, we completed 
unpaired, two-tailed t-tests between the vehicle and AV951 
groups and between the scramble siRNA and the two 
hornerin siRNA groups. All t-tests were conducted at a 
significance level of 0.05. As mentioned earlier, both the 
vehicle and AV951 groups received treatment with a daily 
gavage while the scramble siRNA and hornerin siRNA 
groups received treatment with intratumoral injections.  

As seen in Figure 5A, the vessel volume fraction 
decreased between the vehicle and AV951 groups, though 
it was not significant at the tested significance level. The 
VVF significantly decreased between the hornerin siRNA 
M5-2 and scramble siRNA groups and there was a decrease 
between the hornerin siRNA M6-4 and scramble siRNA 
groups, though not significant. We obtained similar results 
for the vessel length density. As seen in Figure 5B, the 

vessel volume density decreased between the vehicle and 
AV951 groups, though it was not significant at the tested 
significance level. The VLD significantly decreased 
between the hornerin siRNA M5-2 and scramble siRNA 
groups and there was a decrease between the hornerin 
siRNA M6-4 and scramble siRNA groups, though not 
significant. As seen in Figure 5C, the fractal dimension 



Hombal et al., 07 May 2021  – preprint copy - BioRxiv 

5 

decreased between the vehicle and AV951 groups, but it 
was not significant at the tested significance level. The FD 
significantly decreased between the hornerin siRNA M5-2 
and scramble siRNA groups and between the hornerin 
siRNA M6-4 and scramble siRNA groups. The fourth 
vessel parameter of interest was the radius distribution. The 
RAVE analysis provided the frequencies of vessel 
parameters that fell between a range of radii. As seen in 
Figure 6, there was an overall reduction in vessel radius 
from larger to smaller vessels, specifically towards the 2-4 
range, for both the hornerin siRNA M5-2 and hornerin 
siRNA M6-4 groups when compared to the scramble siRNA 
group. 
 
Discussion 

Though many common anti-angiogenic therapies 
target the VEGF pathway, these therapies often face 
resistance and result in tumor recurrence.2 As such, other 
potential targets in the angiogenic pathway offer insight into 
novel therapeutic approaches. Our lab previously identified 
hornerin, a VEGF independent protein, as part of a 
compensatory angiogenic pathway. Previous studies in 
pancreatic ductal adenocarcinoma successfully 
demonstrated that hornerin knockdown resulted in tumor 

vasculature normalization.2 As such, we replicated such 
efforts to demonstrate the effect of hornerin knockdown on 
the tumor vasculature in B16-OVA melanoma. Prior to 
characterization of the vasculature, we optimized an 
existing vessel analysis software, RAVE, to provide a more 
user-friendly and effective interface. In addition to 
correcting the initial loading error, we implemented an 
option that now allows users to summarize the results and 
export all results via a .csv file. Furthermore, we 
implemented batch processing, allowing users to analyze 
multiple images at once, which significantly reduced the 

processing times for analysis. These improvements now 
offer users with a more user-friendly interface as well as the 
ability to analyze and screen therapeutics targeting the 
tumor vasculature, including those other than hornerin, in a 
more time-effective manner.  

Despite these improvements, however, there are 
certain limitations to our work. First, it must be noted that 
three different computers were used for analysis, so 
variations in model or age of computers could impact the 
time measurements. Additionally, the batch processing 
feature, as of now, only permits users to set one threshold 
for all images that will be analyzed. The threshold is used 
to filter the useful features from the images away from the 
noise. In our analysis, all images were analyzed at a constant 
threshold of 30. However, this set threshold means that each 
individual image was not processed at its optimal threshold 
when conducting batch processing. As such, though the 
processing times are significantly quicker compared to 
manual processing, image analysis accuracy may be 
affected due to the constant threshold limitation. To address 
this, an algorithm to assign appropriate thresholds for each 
image during batch-processing can be implemented in the 
future.  

The optimized RAVE software, though still subject 

to further updates, allowed us to characterize the effect of 
hornerin knockdown on the tumor vasculature in B16 
melanoma. In order to characterize the effect of hornerin 
knockdown, we were first interested to see which regions 
after treatment with hornerin siRNA saw a significant 
decrease in hornerin expression. Since siRNAs are 
negatively charged large molecules, it is difficult for the 
molecules to cross the cell membranes. Further, they 
undergo rapid degradation by plasma enzymes and are 
easily subjected to quick renal clearance sequestration.14 To 
this end, our first sub-aim of the second aim looked into the 

https://www.zotero.org/google-docs/?CYPLXW
https://www.zotero.org/google-docs/?9MLKNx
https://www.zotero.org/google-docs/?GZugCZ
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levels of hornerin expression in different treatment 
locations, specifically by measuring mean gray intensity 
and integrated density on ImageJ. As seen in Figure 4, 
hornerin expression was reduced in endothelial cells in four 
of the five hornerin siRNA groups, namely M3-4, M3-5, 
M5-2, and M6-4, compared to the scramble siRNA group. 
The reduction in hornerin expression was significant in the 
M5-2 and M6-4 hornerin siRNA groups. Due to these 
results, we found that hornerin expression, as a result of 
hornerin siRNA treatment, was significantly decreased in 
two of the five hornerin siRNA groups. This confirmed the 
efficacy of hornerin siRNA in significantly downregulating 
the expression of the protein, specifically in two treatment 
locations. One limitation of this sub-aim, however, was the 
size and quantity of image samples that were analyzed. Due 
to delays in image acquisition, only 33 hornerin siRNA 
samples and 17 scramble siRNA samples from confocal 
imaging were analyzed. The sample sizes of the two groups 
were equal and were relatively small, possibly skewing our 
average values due to outliers. As such, in the future, more 
images could be analyzed for more comprehensive results. 

We focused on the two hornerin siRNA (M5-2 and 
M6-4) groups as we moved forward to our second sub-aim. 
We were interested in characterizing the extent of vessel 
normalization in regions where hornerin expression was 
significantly decreased. Using the optimized RAVE 
software and our findings from the first-sub aim, we 
obtained the four vessel parameters across the five 
experimental groups, as seen in Figures 5 and 6. We found 
a reduction in vessel volume fraction, vessel length density, 
and fractal dimension between the two hornerin siRNA and 
scramble siRNA groups. For radius distribution, we found 
a higher frequency of M5-2 hornerin siRNA and M6-4 
hornerin siRNA vessels in the 2-4 radius range, confirming 
that hornerin knockdown reduced the vessel radius size 
compared to the scramble siRNA group. Additionally, we 
saw a decrease in the three parameters of VVF, VLD, and 
FD between the vehicle and AV951 groups. As mentioned 
previously, all five groups were not compared together as 
the administration routes differed between the vehicle and 
AV951 treatments and the siRNA treatments. Furthermore, 
the lack of statistical significance between the vehicle and 
AV951 groups across the three parameters can be attributed 
to the dosage of AV951, which may not be the optimal 
dosage in melanoma. This reflects back to our rationale of 
identifying targets other than VEGF, such as hornerin. 
Overall, from these findings, we concluded that hornerin is 
an effective target for tumor vessel normalization through 
knockdown in regions where hornerin expression is 
significantly decreased. As such, in regions where hornerin 
expression is significantly reduced and vessel parameters 

are normalized, future work includes characterizing the 
downstream immune response. As mentioned in the 
introduction, the disordered tumor vasculature restricts T-
cell entry into the tumor region. Therefore, following 
hornerin knockdown and subsequent vessel normalization, 
further studies can assess if T-cell infiltration is increased 
into the tumor region and a reduction in tumor volume is 
observed. This would offer a comprehensive review of the 
effect of hornerin knockdown not only on the vasculature, 
but on the tumor microenvironment as a whole. Ultimately, 
these findings would illuminate hornerin as a feasible target 
in development of a novel immunotherapeutic cancer drug, 
not limited to melanoma, but against a broad spectrum of 
cancers.  
 

Materials and Methods 
 
Rapid Analysis of Vessel Elements (RAVE) 

Rapid Analysis of Vessel Elements, or RAVE, is a  
MATLAB graphical user interface (GUI) that allows for 
analysis of various vessel parameters.11 For the scope of our 
project, parameters of vessel volume fraction, vessel length 
density, fractal dimension, and radius distribution were 
extracted. The optimized RAVE interfaced included 
correction of initial image loading error, exportable file, and 
batch processing.  

When images were first inputted into RAVE and 
the “Browse” button was called, there was no processing of 
the images that occurred. The interface would prevent the 
display of results until the user switched the “Select Color” 
option between red and green multiple times. To address the 
loading error, we ran through the code, debugging to see 
what led to the error. We found that the “Browse” button 
callback, responsible for initializing the Graphical User 
Interface (GUI) once the image is added, was missing a 
function call, meaning that uninitialized variables were 
being referenced. A separate file titled VesselVolFrac.m 
was used to complete most of the processing. By calling on 
this VesselVolFrac function within the “Browse” button 
callback function, the required parameters were all properly 
initialized, and the bug was fixed. 

 To address the lack of ability to output parameter 
data, we implemented a function that could output vessel 
volume fraction, vessel length density, fractal dimension 
and the radius distribution data for each image. To begin, a 
button titled “Clear File” is clicked to remove any existing 
data in the output.csv file. Next, images are loaded and once 
the processed parameter values show up within the GUI, the 
user can click the “Output Results” button to store all the 
previously mentioned parameters as a row in a file titled 
“Output.csv”. This button works by gathering all the 

https://www.zotero.org/google-docs/?zyXRUZ
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parameters outputted by VesselVolFrac.m and writing them 
to a csv file sequentially. 

 To address the manual processing requirement, we 
implemented batch processing by taking advantage of the 
output results feature that was designed separately. With 
batch-processing, all images were analyzed at a constant 
threshold of 30. The threshold was determined by 
individually analyzing a few representative images and 
seeing what threshold setting would minimize noise while 
also maximizing the signal captured from the images. 
Similar to the “Browse” button, another button was created 
titled “Batch Process” which when clicked opened a 
window similar to the “Browse” button that allowed users 
to select files, with the exception that multiple files could 
now be chosen. Once the files were selected, all the file 
names were stored in a cell array. A loop was then used to 
iterate through all the files, by loading each one, running the 
existing RAVE analysis algorithm, and storing the produced 
parameters as a row in a .csv file. This method allowed for 
much quicker processing by automating the entire process 
and making high throughput analysis more efficient. 
 
ImageJ Pre-Processing of Images Prior to RAVE Input 

The stained images, collected in .czi format, were 
pre-processed in ImageJ and exported as .jpeg files prior to 
analysis in RAVE, both in the pre-optimized and post-
optimized versions. Pre-processing allowed for the image to 
be split in three channels: CD31 (in green), hornerin (in 
red), and DAPI (in blue). The CD31 images were saved 
individually and then exported into RAVE for further vessel 
analysis. 

 
Hornerin Quantification via ImageJ 
 Stained images collected from confocal imaging 
were uploaded onto ImageJ in. czi format. First, the 
hornerin and DAPI channels were merged, and the resulting 
image was analyzed using a Z projection with the sum slices 
option to create a real image that is the sum of all of the 
slices in the image stack. Then, the channels were split and 
the hornerin stained channel was converted to an 8-bit 
image. Following this, the background was subtracted using 
a rolling ball radius of 50 pixels, and the mean grey intensity 
and integrated density were measured as indicators of level 
of hornerin expression. 

 
Animals 

All experiments were performed on female 6-8-
week-old C57BL/6j mice purchased from The Jackson 
Laboratory (Bar harbor, ME). All animal experiments were 
approved by the Animal Care and Use Committee at the 

University of Virginia and conformed to the NIH “Guide 
for the Care and Use of Laboratory Animals in Research.” 
 
Cell Lines 

B16-OVA obtained from Dr. Victor Engelhard 
(UVA) were grown in RPMI medium 1640 (Life 
Technologies, Carlsbad, CA) supplemented with 5% fetal 
bovine serum, 1% L-Glutamine, 15mM HEPES, and 
10ug/mL Blastacidin. Cells were maintained in a 
humidified atmosphere containing 5% CO2 at 37℃. 

 
Tumor Studies 

For tumor implantation, B16-OVA cells were 
grown under standard culture conditions for 48 h prior to 
being trypsinized and enumerated. B16-OVA were 
suspended in 400,000 cells/100 μL Dulbecco’s Buffered 
Saline (DPBS, Hyclone, Logan, UT). The mice were shaved 
on flank prior to tumor inoculation. The cell mixture 
containing 0.4 million B16-OVA was injected 
subcutaneously into C57BL/6j mice unilaterally on the 
flank. The injection site for subcutaneous tumors was 
monitored for tumor volume daily based on caliper 
measurements using the formula (width2 × length)/2. 
Treatments were given when the tumor size reached 110 
mm3.2  
 The AV951 (VEGF inhibitor) treatment was given 
as previously described.2 In brief, AV-951 (Selleck 
Chemicals, Houston, TX) was suspended in 0.5% methocel 
+ 0.5% Tween-20 in HBSS. 50 μL of 1.5 mg/kg AV-951 or 
vehicle control solution was administered once daily 
through oral gavage (22-gauge gave needle (Kent 
Scientistic, Torrington, CT) connected to a 1 mL syringe) 
for 7 days.  
 For hornerin siRNA treatment, Hrnr Mouse siRNA 
Oligo Duplex (Origene; catalog number SR42759) and 
Trilencer-27 Universal scrambled negative control siRNA 
duplex (Origene; catalog number SR30002) were used for 
injection. 10 μg of hornerin or control siRNA were 
combined with in vivo-jetPEI transfection reagent 
(Polyplys, France) in solution with 5% glucose following 
manufacturer's instructions. After 30-minute incubation at 
room temperature, a total volume of 50 μL siRNA mixture 
was injected into the center of the tumor (30-gauge insulin 
needle (BD, Franklin Lakes, NJ)), every other day for 7 
days. An overview of the tumor study timeline is also shown 
in Figure 7. 
 Following completion of the treatment, the mice 
were euthanized, and the tumors were harvested and fixed 
in % PFA overnight at 4C, followed by incubation in 30% 
sucrose overnight, then embedded in Neg-50 Frozen 
Section Medium (Thermo Scientific, Waltham, MA). The 

https://www.zotero.org/google-docs/?TBJIX8
https://www.zotero.org/google-docs/?QLQDVH
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tissue block was frozen over liquid nitrogen vapor and cut 
into 15 μm sections. 
 

 
Figure 7: Tumor Study Timeline: Tumor cells were injected into mice 
on Day 1. Corresponding treatments were added starting when the tumor 
reached 110 mm3 (Day 4-6 post tumor inoculation) and cross-sections 
were obtained on Day 7 post treatment.  
 
Immunofluorescence Staining 

Tumor sections were stained with CD31, DAPI, 
and hornerin. First, harvested tumors, across the varying 
experimental groups, were placed in the appropriate 
medium and treated with liquid nitrogen vapor until fully 
frozen. The tumors were then cryostat sectioned at 15 µm 
and stored at -80℃ until needed. The sectioned tumors then 
underwent immunofluorescence staining for CD31 and 
hornerin. The sectioned tumors were fixed, blocked, 
incubated with a primary and secondary antibody, which 
was fluorochrome-conjugated with AF594 and AF488 for 
hornerin and CD31, respectively. Lastly, the sections were 
stained for DAPI using Prolong Gold Antifade Reagent. 
 
Confocal Imaging  

Tumor sections stained with CD31, hornerin, and 
DAPI, were imaged using a Ziess LSM880 microscope and 
the ZEN image acquisition system. Images of the slides 
were all taken at 20x with a frame size of 1024x1024. The 
speed of image acquisition was 7, the gain was set at 750 
for all three channels, with an airy unit of 1. The laser 
intensity for DAPI remained consistent around 10, while the 
CD31 and hornerin channel laser intensities were set at 30 
for consistency across image acquisition. For each slide, 
two sections were imaged with two images in each section. 
After image acquisition, the file was saved in a .czi format. 

 
Statistical Analysis 

All statistical analyses performed were unpaired, 
two-tailed t-tests in order to compare the mean of two 
independent groups.  
 
End Matter 
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