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INTRODUCTION  Osteoarthritis (OA) is a painful disease that causes the progressive destruction of 
joint structures, and is the most common cause of disability among military service members who are 
removed from active duty for medical reasons. The progressive period in PTOA provides a target for 
therapeutic intervention. In preliminary work with a small number of animals, we have found that the 
natural product derivative halofuginone (HF) shows promise with respect to reducing cartilage damage 
in the destabilized medial meniscus (DMM) mouse model of PTOA. HF inhibits glutamyl- prolyl-tRNA 
synthetase (EPRS), the enzyme responsible for charging tRNAs with the amino acid proline. Low-level 
inhibition of EPRS triggers a metabolic sensor, a stress signal that initiates a sustained adaptive response 
across affected tissues. The goal of this grant is to test the hypothesis that EPRS inhibitors, acting to 
suppress a multi-cellular cytokine-driven tissue destructive program, will provide the basis for a new 
therapeutic strategy for PTOA. The Aims of this grant are to: 1) Characterize  the therapeutic timing and 
functional effects of HF, or novel related EPRS inhibitors, on PTOA in mice, using the DMM model; 2)  to 
examine the early time course of cellular and molecular responses to EPRS inhibitor treatment in the 
DMM mouse model, as well as in ex vivo in chondrocytes and synoviocytes. We believe that these studies 
both will establish the molecular and cellular basis for the benefit of a new drug class for PTOA 
treatment, and provide tools to evaluate different therapeutic strategies (e.g. novel compounds, delivery 
methods) prior to the appearance of joint pain or dysfunction.; 3) To develop  and apply tools for testing 
the efficacy of EPRS inhibitors following drug delivery to the joint in DMM mice.  

KEYWORDS: Post Traumatic Osteoarthitis (PTOA), Halofuginone (HF), tRNA synthetase inhibitor, 
chondrocyte, MMP, GCN2, Destabilized Medial Meniscus (DMM) model.  

ACCOMPLISHMENTS   In the first year of the grant, we have undertaken in vivo experiments in the DMM 
model to test the efficacy of the EPRS inhibitors HF and Hfol, and in vitro experiments to identify relevant 
cell-based models for understanding the mechanism of EPRS inhibitor action on tissue destruction in OA. 
We have made good progress towards both goals, and are in the process of analyzing data from the first 
set of in vivo studies of HF/Hfol action in the DMM model of OA. 
A) Major activities: i. In vivo analysis and comparison of the efficacy of systemic HF and  Hfol in the DMM
mouse model of PTOA. ii. Analysis of RNAseq characterization of effects of HF on tissue damage 
responses in primary human synoviocytes. iii. Identification and characterization of  an experimental 
system for the study of tissue damage responses in primary chondrocytes.  
B) Specific objectives: i. to assay the effects of systemic EPRS inhibitor treatment on multiple parameters
of PTOA associated changes in cartilage and bone gene expression, histology, and structure in the DMM 
model; ii:  to use transcriptomic analysis to identify markers and mechanisms of HF action in 
synoviocytes and chondrocytes;   iii. to establish a culture chondrocyte system for studying cytokine 
induction of tissue remodeling genes, and inhibition by HF.  
C) Significant results:  Objective i (Principal effort,  Li Lab) :  We have now completed a study of 32
mice (4 treatment groups, 8 mice each) over 16 weeks treatment with HF and the novel EPRS inhibitor 
HFol (reasons for inclusion of HFol are provided below) in the DMM mode of PTOA. We have generated 
fixed or frozen joint tissue for analysis of tissue histology and gene expression. Because of the time 
intensive nature of these analyses they are currently still in progress. Whole animal examination of body 
weight and bone volume (by micro-CT) indicate that HF causes some decrease in both (undesirable 
outcomes potentially reflecting toxicity), while HFol treatment showed no body weight or bone volume 
decreases, consistent with reduced toxicity of HFol relative to HF. Preliminary histological analysis of 
joints indicates that both HF and HFol reduce joint destruction in DMM PTOA. We have not analyzed 
enough the samples to determine statistical significance. Our plan over the next month is to do blinded 
histological and molecular  analysis of tissue sections and than evaluate treatment efficacy for both HFol 
and HF.  Detailed description of study: 
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Objective: To determine whether HF and HFOL can prevent/delay the progression of the articular 
cartilage degeneration induced by destabilization of the medial meniscus (DMM). 
Rationale: In our previous studies, we found that it takes about 16 weeks for mice to develop a typical OA 
knee joint after DMM surgery. Therefore, we plan to use 16 weeks after DMM surgery as the end point to 
characterize mouse knee joints for evidences of articular cartilage degeneration.  
Methods and results: 
Experiment 1. Treatment of mice with HF or HFOL  

There are four groups of mice: sham surgery treated with PBS, DMM 
surgery treated with PBS, DMM surgery treated with HF and DMM 
surgery treated with HFOL. There are 8 mice in each group. Mice 
(C57BL/6j) at the age of 10 weeks old were subject to the surgery. 
Two weeks after the surgery, mice were treated either with PBS or 
HF (0.2 mg/kg body weight) or HFOL (1 mg/kg body weight) every 
other day. At 8 weeks after the surgery, one set of four groups of mice 
was euthanized for the collection of knee joints. Another set of four 
groups of mice was kept alive to the age of 16 weeks after the surgery 
and then the mice were euthanized for the collection of knee joints.  
Experiment 2. Measurement of mouse body weights  
We measured the body weight of the mice during the drug treatment. 

Body weight changes (%) were calculated. 
There was no difference in body weight gain 
among the groups at 8 weeks following the 
surgery (Fig.1).  However, the DMM/HF group 
showed a significantly less body weight gain 
compared with that of the DMM/PBS group, 
p<0.01, at 16 weeks after the surgery. There 
was no difference between  DMM/HFol and 
DMM/PBS, p>0.05 

Experiment 3. Measurement of bone volume 
in epiphysis of tibia in mice by micro-
computed tomography (μCT) 
A high-resolution desktop micro-tomographic 
imaging system (μCT40, Scanco Medical AG, 
Brüttisellen, Switzerland) was used to assess 
trabecular bone microarchitecture, total and 
bone volumes, and mineral densities of the 
tibial epiphysis (Fig.2). Scans were acquired 
using a 10 μm3 isotropic voxel size, 70 kVP, 

114 mAs, 200 ms integration time, and were subjected to Gaussian filtration and segmentation. Images 
and results were shown below. 
As indicated in the image and the figure, the bone volume is reduced in DMM/HF group, compared with 
that in the sham (p=0.0040) and DMM (p=0.0056) groups> 

As indicated in the image and the figure, the bone volume is reduced in DMM/HF group, compared 
with that in the sham (p=0.0040) and DMM (p=0.0056) groups 
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Experiment 4. Histology analysis of mouse knee joints  
For knee joints from 8 weeks after the surgery, all of the samples were embedded in paraffin and 10 of 
them were sectioned and stained by Safranine O/Fast green, n=2 in Sham/PBS, n=3 in DMM/PBS, n=3 in 

DMM/HF and n=2 in DMM/HFOL. For knee 
joints from 16 weeks after the surgery, 25 of 
the samples were embedded in paraffin and 
the rest of them are in the process to be 
embedded. 
  For histology analysis, Knee joints 
were decalcified in Morse’s solution.  For 
each knee joint, 6 μm thick serial sagittal 
sections were cut.  Every tenth section was 
collected for Safranin O/Fast green staining, 
see the figure below (Fig.3).  
 We do not observe overt 
morphological changes with the exception 
of slightly localized proteoglycan 
degradation in the sham mice (A). 
Fibrillations are seen in DMM/PBS mice (B). 
There are no fibrillations in DMM/HF and 
DMM/HFOL groups. This indicates that HF 
or HFOL treatment may be able to delay the 
progressive process of articular cartilage 
degeneration induced by DMM. Obviously, 
the examination of more samples is needed 
to confirm this observation. We plan to do 
so in the following year.     

Objective ii (Principal effort,  Whitman Lab): We have completed analysis of global transcriptomic 
(RNAseq) analysis of the effects of HF on gene expression in primary human synoviocytes in the presence 
or absence of TNF. We find the HF selectively inhibits a subset of TNF responses involved in tissue 
remodeling. A summary of this analysis is provided in figure 4. The data represent the global pattern of 
effects of HF on TNF induced transcriptional responses, and show that HF selectively inhibits the most 
robust responses to TNF, and has a particularly dramatic and selective effect on Matrix 
Metalloproteinases (MMPs).  We are currently generating for comparable analysis in chondrocytes.  
 
Objective iii. (Principal effort,  Whitman Lab) We have tested a broad set of established and primary 
chondrocytes from several sources, and found that most show very weak cytokine responses that make 
them unsuitable for the intended analyses. We have found, however, that primary chondrocytes freshly 
derived from the mouse tibial plateau  show very robust induction of tissue destruction responses in 
response to the cytokine IL1ß (Fig.5).  We are now optimizing and characterizing these responses, and 
testing the efficacy of HF and HFol for inhibition of cytokine responses in these cells.  
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Training and professional development:  
 Fan Jie is currently a visiting PhD student from West China University of Chengdu, China. She has 
been working on this project since the beginning. She has carried out the experiments and joined the 
discussion and interpretation of the results. During this training, she will learn how to design and 
perform experiments to test a hypothesis. She will also learn how to interpret results from experiments. 
We anticipate that she will obtain sufficient results from the experiments for her thesis defense in the 
summer of 2017.. 
Yeonjin Kim is a postdoctoral fellow whose training is enhanced by learning about PTOA models and 
mechanisms, through mentoring with PIs and seminars at HSDM on joint biology. 
 
Dissemination of results to communities of interest? Nothing to report.  
       
 Plans for the next reporting period to accomplish the goals:  We will complete analysis of existing 
dataset as described in SOW. If HFol proves to be equal or more efficacious than HF in the DMM model, 
we will continue to test timing of efficacy as described in SOW, if  Hfol is less efficacious we will continue 
with HF. We will continue to examine molecular markers in synovioyctes and chondrocytes that are 
modulated by HF/HFol. as well as potential mechanisms underlying inhibition as described in SOW.  We 
plan to prepare a manuscript on HF/HFol efficacy in DMM during the next reporting period. 
 
IMPACT: Our establishment of the selective action of HF on tissue remodeling responses in synoviocytes 
(objective 2) provides important proof of principle that this class of compounds can have selective 
therapeutic effects in vivo.  We are in the plannning stages of a manuscript to report these findings, but 
this will await more extensive analysis of in vivo data and chondrocyte studies. 
 
CHANGES/PROBLEMS. The use of EPRS inhibitors other than HF, such as Hfol, was a sub-aim described 
in our grant proposal, but was  not a priority in the original SOW. Our reason for modifying the initial 
animal study of DMM to include a comparison with HFol was that in a toxicity study performed for us at a 
Contract Research Organization (Charles River Labs) subsequent to the SOW submission but prior to the 
start of the grant, we found that HFol was ~20 fold less toxic than had been previously reported for HF. 
Since the goal of the current grant is to develop therapeutics feasible for use in humans, the therapeutic 
characterization of an EPRS inhibitor with substantially reduced toxicity relative to HF was clearly 
consistent with the stated objectives of the project. Since our pilot experiments in the DMM model were 
performed with HF, however, it was also essential to compare efficacy of Hfol to HF rather than to simply 
switch to HFol. The timeline of the in vivo studies has been somewhat delayed by the necessity to train 
new personnel to participate in study execution, but this is now completed and analyses are well 
underway. 
The difficulties in identifying cytokine responsive cultured chondrocyte populations has delayed progress 
in the SOW timeline regarding the identification of novel transcriptional markers of  EPRS inhibitor 
action in vitro. We believe this problem is now solved with the identification of primary mouse 
chondrocytes from the tibial plateau as cytokine responsive. The short usable lifespan of these cells, and 
requirement for mice of a specific age (4-6 weeks) as source, has significantly slowed the pace of these 
experiments compared to what was originally planned, in addition to being more labor intensive. These 
issues do not entail any major revision to the long term goals of the project. 
 
PRODUCTS. Data described above reflect work product that are in preparation for publications 
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The goal of this project is to determine whether removal of a serine protease (high temperature requirement A, HtrA1) and 
a cell surface tyrosine kinase receptor for native type II collagen (discoidin domain receptor 2, Ddr2) in the articular 
cartilage of knee joints can delay the progression of osteoarthritis (OA) in mouse models. 
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