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l. REGULATORY REQUIREMENTS 

Study No. AF87FU. l25012NGLPICH.BTL was conducted in accordance with Standard 
Operating Procedures and as an exploratory study; it did not fall within the scope of the 
FDA/EPA Good Laboratory Practice (GLP) regulations. l, the undersigned, declare that this 
report provides an accurate evaluation of data obtained from this study. 

PPD 
PPD 
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3. STUDY INFORMATION 

Study Conduct 

Sponsor: 

Study Monitor: 

Testing Facility: 

BioReliance Study No. : 

Test Article 

ID: 

Purity: 

Storage Conditions: 

Concentration: 

Receipt Date: 

Negative/Vehicle Control 

ID: 

BioReliance TAID: 

Lot No.: 

Storage Conditions: 

Receipt Date: 

Moderna Therapeutics 
200 Technology Square 
3rd Floor 
Cambridge, MA 02139 

PPD , MS, MBA, DABT 

BioReliance Corporation 
9630 Medical Center Drive 
Rockville, MD 20850 

AF87FU.l25012NGLPICH.BTL 

NPI Luciferase mRNA in SM102-Containing Lipid 
N anoparticles 

90.5% (per Summary of Analysis) 
A correction factor of 1.105 was used for dose formulations . 

-65 to -90°C, protected from light 

Lipid: 24.84 mg/mL 
mRNA: 1.30 mg/mL 

20 November 2019 

25 mM Tris/sucrose lmM DTPA pH 7.5 

AF99YN 

MTDS18021 

-65 to -90°C, protected from light 

20 November 2019 
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Study Initiation Date: 

Experimental Starting Date (First 
day of Data Collection): 
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of Dosing): 

Experimental Completion Date: 

Kev Personnel 

Study Director: 

Test Facility Management: 

Laboratmy Supervisor: 

Laboratmy Supervisor (Dose 
Formulation Preparation): 

Report Writer: 

Principal Investigator 
(Bioanalytical- 2 hom samples): 

Analytical Test Site (Bioanalytical-
2 hom samples): 

Principal Investigator (Cytokine 
analysis- 6 hom samples): 

Analytical Test Site (Cyiokine 
analysis- 6 hom samples): 

06 December 2019 

02 December 2019 

09 December 2019 

22 December 2019 

PPD ,PhD 

PPD , MSc, Ph.D. 
Diiector, Genetic Toxicology Study Management 

PPD 

PPD 

PPD 

PPD 

,BS 

, BS, RLATG, CMAR 

,BS 

, BS 

Modema Therapeutics 
200 technology Square, 3rd Floor 
Cambridge, MA 02139) 

PPD 
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4. SUMMARY 

The test article, NPI Luciferase mRNA in SM102-Containing Lipid Nanoparticles, was 
evaluated for its clastogenic activity and/or disruption of the mitotic apparatus by detecting 
micronuclei in polychromatic erythrocytes (PCEs) cell in rat bone marrow. 

Male and female rats were dosed 0.32, 1.07, or 3.21 mg/kg or 6.0., 20, or 60 mg/kg, mRNA 
or SM102 lipid, respectively at 5 mL/kg once via intravenous injection. Two and six hours 
after dosing, plasma samples were collected for mRNA quantification and cytokine analysis, 
respectively. Clinical observations and body temperatures were monitored before and after 
dosing. Twenty four and forty eight hours after dosing, animals were euthanized and bone 
marrow were collected and processed for the micronucleus assay. 

There was no Test Article-related mortality or clinical observations. 

Test article-related increases in body temperature at 3.21 or 60 mg/kg (mRNA or SM-102, 
respectively) were observed males and females from 1-2 hours postdose to 8 hours postdose 
and met the protocol-specified parameters for hyperthermia (2':1 oc increase for at least 
4.5 hours) . 

Test article-related increases in IL-6, MCP-1, MIP-1a, and/or IP-10 were noted at 6 hours 
post-dose in one or both sexes at 1.07 or 20 mg/kg (mRNA or SM-102, respectively) and in 
both sexes at 3.21 or 60 mg/kg (mRNA or SM-102, respectively) . Fold increases observed 
were up to 3.68x for IL-6, up to 4.66x for MCP-1, up to 2.62x for MIP-1 a, and up to 30.47x 
for IP-10. 

There was no significant increase in the incidence of micronuclei in the test article dosed 
animals at either time point (24 or 48 hours). A slight, but statistically significant, decrease in 
%PCEs was observed in the low dose males at the 48 hour time point. 

In conclusion, the test article, NPI Luciferase mRNA in SM1 02-Containing Lipid 
Nanoparticles, was determined to be negative (non-clastogenic) under the conditions of this 
study at doses up to 3.21 or 60 mg/kg (mRNA or SM-102, respectively) 
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Proteasomes are protein complexes which degrade unneeded or damaged proteins by proteolysis, a chemical reaction that breaks peptide bonds. Enzymes that help such reactions are called proteases. Proteasomes are part of a major mechanism by which cells regulate the concentration of particular proteins and degrade misfolded proteins

Luciferase is a light-producing enzyme naturally found in insect fireflies and in luminous marine and terrestrial microorganisms. Introduction of the luciferase and other light-emitting proteins (e.g., green fluorescent proteins) as a visualizing marker/reporter has drastically expanded the versatility of reporter gene technology.

clastogenic = capable of causing damage to chromosomes

polychromatic erythocytes (PCEs) = An erythrocyte that does not stain uniformly.



5. PURPOSE 

The objective of this study was to evaluate a test article for in vivo clastogenic activity and/or 
disruption of the mitotic apparatus by detecting micronuclei in polychromatic erythrocyte 
cells in rat bone marrow. This assay design is based on OECD Guideline 474 (OECD, 2016), 
the International Conference on Harmonisation (ICH) of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (20 11 ), and ISOIIEC 17025:2005 (ISOIIEC, 
2005). 

Historical control data are found in Appendix I. A copy of the study protocol and 
amendments is found in Appendix II. 

6. CHARACTERIZATION AND PREPARATION OF TEST AND CONTROL 
ARTICLES 

A copy of the Summary of Analysis for characterization of the test article is included in 
Appendix V. 

The vehicle, 25 mM Tris/sucrose 1 mM DTPA pH 7.5, was provided by the Sponsor and 
assigned the BioReliance TAID AF99YN. Any vehicle samples were used during testing, 
and there is none remaining to return. 

The vehicle used to prepare the test article formulations is characterized by the Certificates of 
Analysis provided. A copy of the Certificate of Analysis is kept on file at BioReliance. 

Scoring positive control slides (fixed and unstained), generated from BioReliance Study No. 
AF65A Y.125MO 12.BTL, were included to verify scoring. These slides were generated from 
male rats treated once with cyclophosphamide monohydrate (CP) at 40 mg/kg, and the bone 
marrow harvested 24 hours after treatment. 

The positive control articles have been characterized as per the Certificates of Analysis on 
file with the testing facility. The stability of the positive control article is demonstrated by 
acceptable results that met the criteria for a valid test. 

Preparation of Dose Formulations 

The bulk test item was thawed, mixed gently by swirling, and diluted with 25 mM 
Tris/sucrose 1mM DTPA pH 7.5 to achieve target concentrations. Final mixtures were 
inverted/swirled for one minute until uniform. Material was mixed using aseptic techniques 
in a biological safety cabinet. Dose formulations were stored at room temperature prior to 
delivery to the dosing lab and were stored refrigerated (2 to 8°C) prior to dosing. 
Refrigerated dose formulations were equilibrated at room temperature for at least 30 minutes 
prior to the start of dosing and were used within 3 hours after being equilibrated at room 
temperature. 

Residual dose formulations were discarded. 
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7. MATERIALS AND METHODS 

The assay was conducted according to established procedures (Heddle, 1973: Mavoumin et 
al., 1990; Hayashi et al., 1994; OECD, 2016). 

Test System 

Sprague-Dawley (Hsd:SD) rats were received from Envigo RMS, Inc., Frederick, MD on 02 
December 2019. 

The age at time of initiation, as well as the body weights and days of acclimation, of the rats 
assigned to the study groups at randomization are indicated below: 

Body Weight Range at 
Age at Initiation Days of Study Sex Randomization 

(grams) (weeks) Acclimation 

Male 167.7 to 175.9 
Definitive (Main) 6 7 

Female 140.8 to 149.3 

Male 163.2 to 179.8 
Definitive (TK) 6 7 

Female 138.4 to 151.4 

Justification for the Test System 

This species has been routinely used as an animal model of choice for the mammalian bone 
marrow erythrocyte micronucleus assay. This strain is an out bred strain that maximizes 
genetic heterogeneity and therefore tends to eliminate strain-specific response to the test 
article. 

Animal Welfare Provisions 

This study is not duplicative or unnecessary. The number of animals, procedures, and design 
used for this study, has been reviewed and were approved by the BioReliance Institutional 
Animal Care and Use Committee. Procedures involving animals performed at BioReliance 
follow the specifications recommended in the most current version of The Guide for the Care 
and Use of Laboratory Animals adopted by BioReliance (National Academy Press, Washington, 
D.C., 2011). 

Animal Receipt and Acclimation 

Virus antibody-free (V AF) animals were acclimated as noted above and were judged to be 
healthy prior to utilization in the study. 

Housing 

Animals were housed in a controlled environment at 72 ± 3°F and 50 ± 20% relative 
humidity with a 12-hour light/dark cycle. The light cycle was interrupted for study related 
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activities. The animal rooms were supplied with at least 10 changes of fresh REP A-filtered 
air per hour. Animals of the same sex were housed three per Micro-Barrier cage. Cages were 
placed on racks equipped with an automatic watering system and Micro-VENT full 
ventilation, HEP A filtered system. 

Environmental Enrichment 

Animals were provided with Nylabones as environmental enrichment. 

Bedding, Food and Water 

Heat treated hardwood chips were used for bedding to absorb liquids. A certified laboratory 
rodent chow (Envigo 2018C Teklad Global 18% Protein Rodent Diet) was provided ad 
libitum. The food was analyzed by the manufacturer for the concentrations of specified heavy 
metals, aflatoxin, chlorinated hydrocarbons, organophosphates and specified nutrients. 
Animals had free access to tap water, which met U.S. EPA drinking water standards 
[Washington Suburban Sanitary Commission (WSSC) Potomac Plant]. Drinking water was 
monitored at least annually for levels of specified microorganisms, pesticides, heavy metals, 
alkalinity and halogens. The results of bedding, food and water analyses are on file at 
BioReliance. There were no contaminants in the bedding, feed and water that were expected 
to interfere with the study. 

Randomization and Identification 

Animals were assigned to groups using a randomization procedure within Provantis™. At the 
time of randomization, the weight variation of animals did not exceed ±20% of the mean 
weight. Following randomization, animals were identified by sequentially numbered ear tags. 
The cage card contained, at least, the animal number(s), sex, study number, treatment group 
number, dose level, test article ID and route of administration. Cage cards were color coded 
by treatment group. Raw data records and specimens were also identified by the unique 
animal number. 

Body Weights and Animal Observation 

Body weights were recorded prior to the first dose for the purpose of dose volume 
calculations. Body weights were also recorded on the day of sacrifice excluding animals used 
for bioanalysis. Animals were observed once daily for signs of illness and poor health during 
the acclimation period. Once dosing was initiated, animals were observed twice daily for 
signs of illness or poor health. Animals were observed prior to dose administration, 
approximately one and two hours after dose administration and at least once daily on non
dosing days, excluding animals used for bioanalysis for clinical signs of toxicity. 

Dose Administration 

All dose formulations were administered once at a volume of 5 mL/kg by intravenous 
injection (slow push over 1.5 to 2.5 minutes) using appropriately sized disposable 
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polypropylene syringes. The route has been routinely used and is widely-accepted for use in 
the mammalian bone marrow erythrocyte micronucleus assay. 

Body Temperatures 

Body temperatures were monitored in animals in Groups 1-4 using implantable 
programmable temperature transponders. Temperatures were taken at approximately 48 and 
24 hours prior to dose, prior to dose on the day of dosing, 0.5, 1, 2, 4, 5, 6, 8, and 
approximately 24 and 48 hours post dose. The 48 hour body temperature was recorded only 
for animals not sacrificed at the 24 hour bone marrow collection time point. 

Group mean body temperatures (and standard deviation) were calculated for each dose level 
and time point, by sex. The test article was considered to cause hyperthermia at a particular 
dose level if group body temperature increased by ?:1.5°C for more than one hour, or by 
?:1 °C for more than 4.5 hours. If the mean group body temperature decreased by?: 3°C for 
more than 4.5 hours, the test article was considered to cause hypothermia at that dose. Body 
temperature changes exceeding those above have been reported to induce micronucleus 
formation (Guzman et al, 2004; King and Wild, 1983; Asanami and Shimono, 1997; 
Asanami and Shimono, 1999). 
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Micronucleus Assay 

The assay design as follows: 

Euthanasia Time (hours postdose )8 24 48 
Dose Level of 

Concentration 
Test Article Dose 

Group 
Test Article (mg/kg 

(mg/mL VolumeA Number of 
No. 

[mRNA/SM10 
[mRNA/SM10 

(mL/kg) 
Animals/Sex 

2 lipid]) 
2 lipid]) 

1 
Vehicle/ 

0/0 010 5 5 5 
Negative Control 
NPI Luciferase 

mRNAin 
2 SM102- 0.32/6.0 0.064/1.2 5 5 5 

Containing Lipid 
N anoparticles 

NPI Luciferase 
mRNAin 

3 SM102- 1.07/20 0.22/4 5 5 5 
Containing Lipid 

N anoparticles 
NPI Luciferase 

mRNAin 
4 SM102- 3.21/60 0.64/12 5 5 5 

Containing Lipid 
N anoparticles 
.. 

ABased upon mdlvldual body we1ght 
BRange(s): 24-27 hours and 45-48 hours, respectively 

The high dose for the micronucleus assay was 60 mg/kg of SM102 Lipid based upon 
information provided by the Sponsor. 
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Blood (Plasma) Collection and Sample Handling for TK and Cytokine Analysis 

Dose Level of 
Concentration TK 

Sample 

Group 
Test Article 

(mg/mL (Bioanalysis )/ 
Collection 

Test Article (mg/kg Timepoint 
No. [mRNA/SMlO 

[mRNA/SMlO Cytokine 
(hours 

2lipid]) 
2lipid]) Animals/Sex 

postdose) 
Vehicle/ 

6 
Negative Control 

0/0 0/0 3 2 and 6 

Luciferase 
mRNAin 

7 SM102- 0.32/6.0 0.064/1.2 3 2 and 6 
Containing Lipid 

Nanoparticles 
Luciferase 
mRNAin 

8 SM102- 1.07/20 0.22/4 3 2 and6 
Containing Lipid 

Nanoparticles 
Luciferase 
mRNAin 

9 SM102- 3.21/60 0.64/1 2 3 2 and6 
Containing Lipid 

N anoparticles 

Frequency 

Collection Site 

Target Volume 

Anesthesia 

Anticoagulant 

Sam pie Handling 

Centrifugation 

Sample Storage 

Animal Disposition 

1st day of dosing 

Retro-orbital Sinus 

0.5mL ofwhole blood. 

Animals were anesthetized prior to collection by 70% C02/30% 0 2. 

Blood samples were maintained on wet ice until centrifugation. 

Blood collection was conducted in group number sequence order 
from Groups 6 to 9. Blood samples were centrifuged for 5 minutes, 
2-8°C, at 2000 g within 1 hour of collection and plasma was 
harvested into two, approximately equal, aliquots (primary and 
back up) . 

One set of plasma samples were stored at :::; -60°C until packed on 
dry ice and shipped to the Test Site for analysis. The remaining set 
was retained at BioReliance at :::; -60°C as a backup. 
Animals were sacrificed by COz overdose after their last collection 
timepoint. 
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Bioanalysis (BioA) 

A non-validated method (bDNA) was used to analyze the concentration of mRNA in the 
plasma samples. Plasma samples (3 samples/sex/group; Gmups 6, 7, 8, and 9) collected at 
2 hours post-dose were shipped on dJ.y ice by overnight courier to the Principal Investigator 
for Bioanalysis. Upon receipt, samples were stored at -80°C or below until required for 
analysis. Unused samples were discarded upon acceptance of the analytical results by the 
Study Director. Due to technical issues with the assay, results were considered to be 
unreliable and thus not reported. 

For BioA {2 hr post-dose collections) samples were shipped to: 

PPD , BS 
Modema, Inc. 
200 Technology Square, 3rd Floor 
Cambridge, MA 02139 
Phone: PPD 
E-mail: PPD 

Cytokine analysis 

A non-validated method (Luminex) was used to analyze the concentrations of cytokines 
(MIP-la, MCP-1, IL-6, IL-lB, TNFa, IP-10) in the plasma samples. Plasma samples 
collected at 6 hours post-dose (3 samples/sex/group; Groups 6, 7, 8, and 9) were shipped on 
dJ.y ice by overnight courier to the Principal Investigator for Cytokine Analysis. Upon 
receipt, samples were stored at -80°C or below until required for analysis. Unused samples 
were discarded upon acceptance of the analytical results by the Study Director in 
consultation with the Sponsor Representative. The cytokine analysis report is included in 
Appendix IV. 

For cytokine analysis (6 hr post-dose) samples were shipped to: 

PPD 

Bone Marrow Collection and Slide Preparation 

Femoral bone man-ow was collected at approximately 24 and 48 hours after dose 
administration, as indicated above. Animals were euthanized by carbon dioxide inhalation. 
Immediately following euthanasia, the femms were exposed, cut just above the knee, and the 
bone marrow was aspirated into a syringe containing fetal bovine serum. The bone marrow 
was transfened to a centrifuge tube containing 2 mL fetal bovine senun, the cells were 
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pelleted by centrifugation, and the supernatant was drawn off leaving a small amount of fetal 
bovine serum with the pellet. Cells were re-suspended and a small drop of the bone marrow 
suspension was spread onto a clean glass slide. Four slides were prepared from each animal, 
air dried and fixed by dipping in methanol. One set of two slides (including at least five 
positive control slides) was stained with acridine orange for microscopic evaluation. The 
other set of slides was kept as backup and were archived at report finalization. Stained slides 
were discarded prior to report finalization. Each slide was identified by the harvest date, 
study number, and animal number. Slides were coded using a random number table by an 
individual not involved with the scoring process. 

Scoring 

Bone marrow was evaluated by fluorescent microscopy. The staining procedure permitted the 
differentiation by color of polychromatic and normochromatic erythrocytes (bright orange 
PCEs and ghost-like, dark green NCEs, respectively). 

The criteria for the identification of micronuclei are those of Schmid (1975). Micronuclei are 
brightly stained bodies that generally are round and that generally are between 1/20 and 115 
the size of the PCE. Scoring was based upon the micronucleated cell, not the micronucleus; 
thus, occasional cells with more than one micronucleus were counted as one micronucleated 
PCB (MnPCE), not two (or more) micronuclei. 

4000 PCBs/animal were scored for the presence of micronuclei (MnPCEs), whenever 
possible. In addition, at least 500 total erythrocytes (PCBs + NCEs) were scored per animal 
to determine the proportion ofPCBs as an index of bone marrow cytotoxicity. 

Stained slides were discarded prior to report finalization. 

Statistical Analysis 

Statistical analysis was performed on the micronucleus frequency (%MnPCB) and %PCB 
using the animal as the unit. The mean and standard deviation of %MnPCB and %PCB were 
presented for each treatment group. 

The use of parametric or non-parametric statistical methods in the evaluation of data was 
based on the variation between groups. The group variances for micronucleus frequency for 
the vehicle and test article groups at the respective sampling time were compared using 
Levene' s test (significance level ofp ::;; 0.05) . Since the variation between groups was found 
not to be significant, a parametric one-way ANOVA was performed followed by a Dunnett' s 
post-hoc analysis to compare each dose group to the concurrent vehicle control. 

A linear regression analysis was conducted to assess dose responsiveness in the test article 
treated groups (p:<:; 0.01). 

A pair-wise comparison (Student' s T-test) was used to compare the positive control group to 
the concurrent vehicle control group. 

BioReliance Study No. AF87FU.l25012NGLPICH.BTL 14 

shehnaz
Highlight

shehnaz
Highlight

shehnaz
Highlight

shehnaz
Highlight



Criteria for Determination of a Valid Test 

The group mean frequency of MnPCEs for the vehicle control group should ideally be within 
the 95% control limits of the distribution of the historical negative control database. If the 
concurrent negative control data fall outside the 95% control limits, they may be acceptable 
as long as these data are not extreme outliers (indicative of experimental or human error). 

The frequency ofMnPCEs for the scoring positive controls must be significantly greater than 
the concurrent vehicle control (p ::;; 0.05) and should be compatible with those observed in the 
historical positive control data base. 

At least three doses were tested for at least one sampling time. Five animals/sex/group were 
available for analysis. 

The maximum dose evaluated for micronucleus induction was the MTD or MFD. 

Evaluation of Test Results 

A test article was considered to have induced a positive response if: 

a) at least one of the test article doses exhibited a statistically significant increase when 
compared with the concurrent negative control (p ~ 0.05), and 

b) when multiple doses were examined at a particular sampling time, the increase was dose
related (p ~ 0.01 R2::0:70%), and 

c) results of the group mean or of the individual animals in at least one group were outside 
the 95% control limit of the historical negative control data. 

A test article was considered to have induced a clear negative response if none of the criteria for 
a positive response were met and there was evidence that the bone marrow was exposed to the 
test article (unless intravenous administration was used). 

Electronic Data Collection Systems 

The primary computer or electronic systems used for the collection of data or analysis included, 
but were not limited to, the following: 
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Records and Archives 

Upon issue of the final report, all raw data for procedures performed at BioReliance will be 
returned to the Sponsor. 

The raw data, Reports, and other documents generated at locations other than BioReliance 
will be archived by the Test Site. 
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8. RESULTS AND DISCUSSION 

Micronucleus Assay 

Clinical signs are presented in Table 1 (Hands-On) and Table 2 (Cage side and Mortality). 
Mean group body weight data are found in Table 3. 

There was no Test article-related mortality or clinical observations. 

Increased temperatures in both males and females were observed at the high dose level 
(3.21/60 mglkg) from 1-2 hours postdose to 8 hours postdose and met the protocol-specified 
parameters for hyperthermia (~1 oc increase for at least 4.5 hours). Body temperature results 
are included in Appendix III. 

Bone Marrow Analysis 

The incidence of MnPCEs per 40,000 PCEs scored ( 4000 PCEs/animal) and the proportion 
of polychromatic erythrocytes per total erythrocytes are summarized and presented for each 
treatment group by sacrifice time in Table 4. Individual animal data are presented in Table 5. 

The scoring results and a statistical analysis of data indicated the following: 

• A statistically significant reduction in the PCEs/EC ratio was observed in the low 
dose (0.32/6.0 mg/kg [mRNA/SM102 lipid]) males at 48 hours compared to the 
vehicle control group. 

• Group variances for the mean of the micronucleus frequency in the vehicle and test 
article groups were compared using Levene's test. The test indicated that there was no 
significant difference in the group variance (p > 0.05); therefore, the parametric 
approach, ANOVA followed by Dunnett's post-hoc analysis, was used in the 
statistical analysis of data. 

• No statistically significant increase in the incidence of MnPCEs was observed in the 
test article treated groups relative to the vehicle control group (ANOV A followed by 
Dunnett's post-hoc analysis, p > 0.05). 

• The positive control, CP, induced a statistically significant increase in the incidence 
ofMnPCEs (Student's t-test, p :S 0.05) . 

• The number of MnPCEs in the vehicle control groups did not exceed the historical 
control range (Appendix I). 

Based upon this, all criteria for a valid test were met as specified in the protocol. NPI 
Luciferase mRNA in SM102-Containing Lipid Nanoparticles is negative for the induction of 
micronucleated polychromatic erythrocytes. 
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BioAnalysis 

Due to technical issues with the assay, results were considered to be unreliable and thus not 
reported. 

Cytokine Analysis 

A copy of the report is included in Appendix IV. 

Administration of NPI Luciferase mRNA in SM1 02-containing lipid nanoparticles to rats 
when given by slow intravenous injection elicited cytokine changes including increases in 
IL-6, MCP-1 , MIP-1a, and IP-10 at 6 hours post-dose in one or both sexes at 1.07 or 
20 mg/kg (mRNA or SM-102, respectively) and in both sexes at 3.21 or 60 mg/kg (mRNA or 
SM-102, respectively). 

9. CONCLUSION 

Under the conditions of the assay described in this report, NPI Luciferase mRNA in 
SM102-Containing Lipid Nanoparticles was concluded to be negative for the induction of 
micronucleated polychromatic erythrocytes . 
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11. DATA TABLES 
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Table 1:- Clinical Signs (Hands On) 

RTA001 - 02/01 Provantis (v .9 . 4 . 6.3) Date: 01/28/2020 14:42 

Clinical Observations - Clinical Signs by Animal 

AF87FU125DEF - AF87FU.l25012NGLPICH .BTL NPI Luci f erase mRNA in SM102-Containing Lipid Nanoparticles : In Vivo 
Mammalian Bone Marrow Erythrocyte Micr onucleus Assay 

Group sex Animal 

m 

m 

m 

m 

Severity Codes ; X - Present 

Group - 0/0 mg/kg/day 
Group 3 - 1 . 07/20 mg/kg/day 

295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
32 1 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 

Day numbers relative to Start Date 

Clinical Sign 

No Abnormalities De tected 
No Abnormal i ties Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormal i ties Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abno rmalities De tected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abno rmalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalit ies Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnorma l ities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnorma l ities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 

Group 2 - 0 . 32/6.0 mg/kg/day 
Group 4 - 3 . 21/ 60 mg/kg/day 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table 1 Cont.: -Clinical Signs (Hands On) 

RTA00 1-02/ 01 Provantis {v.9 . 4 .6 . 3 ) Date: 01 / 28/2020 14:42 

Clinica l Observations - Clinical Signs by An imal 

AF87FU125DEF - AF87FU. 125012NGLPICH.BTL NPI Luciferase mRNA i n SM102-Conta i ning Lipid Nanopar t icles: In Vivo 
Mammalian Bone Marrow Eryt hrocyte Micronuc l eus Assay 

Day numbers relative to Start 

Group Sex Animal Clinical Sign 
--- ------ ----------------------------------------

Sever i ty Codes: X = Present 

Group 1 - 0/0 mg/kg/day 
Group 3 - 1.07/20 mg/kg/day 

335 
336 
337 
338 
339 
3 40 
34 1 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
3 7 4 

No Abnorma li t i es Detected 
No Abnorma l ities Detected 
No Abnorma l ities Detected 
No Abnormal ities Detected 
No Abnormalities Detected 
No Abnorrnali ties Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detec ted 
No Abnormalit i es Detected 
No Abnormalities Detected 
No Abnormalities De t ected 
No Abnormali t ies Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abno rmalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormali ties Detected 
No Abnormaliti es Detected 
No Abnormali ties De tected 
No Abnormal ities De tected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abno rmalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detect ed 
No Abnormali ties Detect ed 
No Abnormalit i es Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 
No Abnormalities Detected 

Group 
Group 

- 0.32/6.0 mg/kg/day 
- 3.21/60 mg/kg/day 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table 2: Clinical Signs (Cage side and Mortality) 

RTAOOl-02/01 Provantis (v . 9.4 .6.3) Date: 12/12/2019 19: 19 

Clinical Observations - Clinical Signs by Anima l 

AF87FU125DEF - AF87FU . 125012NGLPICH.BTL NPI Luc iferase mRNA in SM102-Containing Lipid Nanoparticles : In Vivo 
Mammalian Bone Marrow Erythrocyte Micronucleus Assay 

Day numbers relative to Start Date 

Group Sex Animal Clinica l Sign 

m 295 
296 
297 
298 

No Abnormalities Detected X X 
No Abnormalities Detected X X 
No Abnormalities Detected X X 
No Abnormali ties Detected X X 

29 9 No Abnormalities Detected X X 
300 No Abnormalities Detected X X X 
30 1 No Abnormalities Detected X X X 
302 No Abnormalities Detected X X X 
303 No Abnormalit i es Detected X X X 
304 No Abnormalities Detected X X X 
305 No Abnormalities Detected X X 
306 No Abno rmali ties Detected X X 
307 No Abno r mal i ties Dete cted X X 
308 No Abnormalities Detected X X 
309 No Abnormalities Detec ted X X 
310 No Abnormalities Detected X X X 
311 No Abno r malities Detected X X X 
312 No Abnormalities Detected X X X 
313 No Abnormalities Detected X X X 
314 No Abnormalities Detec ted X X X 
315 No Abnormalit i es Detected X X 
316 No Abnormali t i es Detecte d X X 
317 No Abnormalities Detected X X 
318 No Abnormalities Detected X X 
319 No Abnormalities Detected X X 
320 No Abnormalities Detected X X X 
321 No Abnormalities De tected X X X 
322 No Abnormalities Detected X X X 
323 No Abnormalities Detected X X X 
324 No Abnorma l i ti e s Detected X X X 

m 325 No Abno r malities Detected X X 
326 No Abnormalities Detected X X 
327 No Abnormalities De tected X X 
3 28 No Abnormalit i es Detected X X 
329 No Abnormalities Detected X X 

Severity Codes : X = Present 

Group 1 - 0/0 mg/kg/day 
Group 3 - 1.07/20 mg/kg/day 

330 No Abnormalities Detec t ed X X X 
33 1 No Abnormalities Detected X X X 
332 No Abnormalities Det ected X X X 
333 No Abnormalities De tected X X X 
334 No Abnormalities De t ected X X X 

Group 
Group 

- 0.32/6.0 mg/kg/day 
- 3.21/60 mg/kg/day 
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Table 2 Cont.: Clinical Signs (Cage side and Mortality) 

RTAOOl - 02/01 Provantis (v.9.4.6 . 3) Date: 12/12/20 1 9 19: 19 

Clinical Observations - Clinical Signs by Animal 

AF87FU125DEF - AF87FU.l25 012NGLP!CH.BTL NPI Luciferase mRNA i n SM102- Conta i n ing Lipid Nanopa rticles : I n Vivo 
Mammalian Bone Marrow Erythrocyte Micronucleus Ass ay 

Day numbers rela tive to Start Date 

Group Sex Animal Clinical Sign 

f 

Severity Codes: X = Present 

Group 1 - 0/0 mg/kg/day 
Group 3 - 1.07/2 0 mg/kg/day 

335 No Abnormalities De tected X X 
336 No Abno r malit ies Detected X X 
337 No Abnormal i t ies Detected X X 
33 8 No Abnormali t i es Detected X X 
33 9 No Abnormal i ties Detected X X 
340 No Abno rmalities Detected X X X 
341 No Abnormalities Detected X X X 
34 2 No Abno rmalit ies Detected X X X 
343 No Abnormali t ies Detected X X X 
344 No Abnormal ities Detected X X 
345 No Abnorma l ities Detected X X 
346 No Abnor mali t ies Detected X X 
347 No Abnormalities Detected X X 
348 No Abnormal iti es Detected X X 
349 No Abnormali ties Detected X X 
350 No Abno rmalit ies Detected X X 

X 

X 
351 No Abno rmalit ies Detected X X X 
352 No Abnormali t ies Detected X X X 
353 No Abnormalities Detec t ed X X X 
354 No Abnorma l i t ies Detec t ed X X X 
355 No Abnor mal i t ies Detect ed x x 
35 6 No Abnor malities Detected X X 
357 No Abnormalitie s Detected X X 
358 No Abnormalities Detected X X 
359 No Abnormalit i es Detected X X 
360 No Abnormali t i es Detected X X X 
361 No Abnormali ties Detected X X X 
362 No Abnormalities Detected X X X 
363 No Abnormalities Detected X X X 
36 4 No Abnormalities Detected X X X 
365 No Abnormalities Detected X X 
36 6 No Abnormalit ies Detected X X 
367 No Abnormal ities Detected X X 
368 No Abnormalities Detected X X 
369 No Abnormalities Detected X X 
370 No Abnormalities Detected X X X 
371 No Abnormal i ties Detected X X X 
372 No Abnormal i ties Detected X X X 
373 No Abnormalities Detected X X X 
374 No Abnormali ties Detected X X X 

Group 
Group 

- 0 . 32/6.0 mg/kg/day 
- 3.21/60 mg/kg/day 
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Table 3: Group Mean Body Weights 

RTA023-05/00 Provantis {v . 9.4 . 6 . 3) Date : 12/1 2/2019 19:20 

Bodyweight s - Intergroup Compar ison of Bodywe ight Gains 

AF87FU125DEF - AF87FU . 125012NGLPICH . BTL NPI Lucifera se mRNA in SM102 - Containing Lipid Nanoparticles : In Vivo 
Mammalian Bone Marrow Er ythrocyt e Mi cronucleus Assay 

Body Weight Gain (Grams) 

Day numbers relative to Start Date 
Base Abs 

Weight Ga in 
Day From : 1 

Group Sex 1 To : 3 

m 206.89 Mean - 1.76 10 . 84 10.84 
4 . 95 S.D. 2.02 5 . 46 5 .46 

m 205 . 9 5 Mean -1. 4 2 8. 34 8 . 34 
6 . 07 S.D. 3.00 2. 1 9 2 . 19 

m 208.6 7 Mean -6.90 1. 08 1. 08 
5.14 S.D . 3 .12 5 . 30 5 . 30 

m 209 . 02 Mean - 10.82 -6 . 04 - 6.04 
6 . 57 S . D. 2.75 7 . 78 7. 78 

f 163.27 Mean -7 . 14 3.00 3 . 00 
3.69 S.D . 2 . 74 1.17 1.17 

160.4 6 Mean - 5.54 0 . 66 0.66 
2.6 8 S. D. 1. 66 3 . 3 9 3 . 39 

162. 64 Mean - 3 . 84 2 . 58 2 . 58 
3. 1 7 S.D. 2.32 5 . 11 5 . 11 

1 62.23 Mean - 4.80 o. 50 0 . 50 
4.17 S.D . 2 . 25 2 . 56 2 . 56 

Statistical analysis not pe rformed - Arithmetic mean values present ed 

Ab s Gain = absolute bodywei ght gain between base period and end of the analysis period 
% Gain "" percentage bodyweight gain between base period and e nd of the anal ysis period 

Group 1 - 0/0 mg/ kg/day 
Group 3 - 1.07/20 mg/kg/day 

Group - 0 .32 / 6 . 0 mg/ kg / day 
Group 4 - 3.21/60 mg/kg/day 
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1 
3 

5.15 
2.43 

4 . 09 
1.06 

0.5 1 
2.58 

-2.88 
3 . 68 

1. 8 4 
0.70 

0. 43 
2. 12 

1. 60 
3 .1 0 

0 . 28 
1.58 



Table 4: Summary of Bone Marrow Micronucleus Analysis 
Time %PCE Toxicity %MnPCE Number of 

Treatment Gender (Hrs) Animals (Mean+/- SD) (%) (Mean+/- SD) MnPCE/PCE Scored 

Vehicle 
0 mgilqiday M 24 5 58.3 ± 6.2 --- 0.10 ± 0.04 19 /20000 
0 mglkg/day F 24 5 66.7 ± 5.4 --- 0.12 ± 0.04 23 /20000 

NPI Lucifurase mRN A in SMI 02-Containing Lipid Nanopartic 
0.32 mglkg/day M 24 5 66.2 ± 4.8* 14 0.11 ± 0.02 22 /20000 
0.32 mglkg/day F 24 5 68.7 ± 7.2 3 0.10 ± 0.04 20 /20000 

1.07 mglkg/day M 24 5 61.7 ± 4.6 6 0.10 ± 0.04 20 /20000 
I. 07 mglkg/day F 24 5 64.1 ± 5.7 -4 0.10 ± 0.03 19 /20000 

3.21 mglkg/day M 24 5 66.3 ± 3.1* 14 0.09 ± 0.03 18 /20000 
3.21 mglkg/day F 24 5 61.0 ± 7.2 -9 0.11 ± 0.02 21 /20000 

CP 
40 mglkg/day M 24 5 27.7 ± 4.3** -53 3.70 ± 0.47** 740 120000 

Vehicle 
0 mglkg/day M 48 5 70.0 ± 4.4 --- 0.08 ± 0.02 15 /20000 
0 mglkg/day F 48 5 61.8 ± 11.3 --- 0.10 ± 0.04 20 /20000 

NPI Lucifurase mRNA in SMI02-Containing Lipid Nanopartic 
0.32 mglkg/day M 48 5 57.9 ± 9.2** -1 7 0.09 ± 0.02 17 /20000 
0.32 mglkg/day F 48 5 62.1 ± 7.6 I 0.12 ± 0.03 23 /20000 

1.07 mglkg/day M 48 5 63.8 ± 3.2 -9 0.09 ± 0.04 17 /20000 
I. 07 mglkg/day F 48 5 64.4 ± 2.5 4 0.13 ± 0.03 25 /20000 

3.2 I mglkg/day M 48 5 67.7 ± 4.7 -3 0.08 ± 0.03 15 /20000 
3.21 mglkg/day F 48 5 66.9 ± 9.0 8 0.11 ± 0.05 21 /20000 

*p < 0.05 or **p < 0.01, One-Way AN OVA with Post-Hoc D=ett's Test or T-Test 
24 Hrs MnPCE Male GLM P-value = 0.795, R-sqr = 6.04% 
24 Hrs MnPCE Female GLM P-value = 0.791 , R-sqr = 6.13% 
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Table 5: Induction of Micronucleated Polychromatic Erythrocytes in Bone Marrow 
Collected 24 Hours Following Dose Administration 

Animal Micronucleus Frequency 

Treatment Sex No. %PCE MnPCE PCE % 

Ve hicle M 295 64.0 4 4000 0.10 

0 mg/kg/day 296 63.4 4 4000 0.10 

297 60.6 1 4000 0.03 

298 53.4 6 4000 0.15 

299 50.2 4 4000 0.10 

Vehicle 335 62.6 6 4000 0.15 

0 mg/kg/day 336 74.8 4 4000 0.10 

337 69.6 5 4000 0.13 

338 63.4 2 4000 0.05 

339 63.0 6 4000 0.15 

NPI Luciferase mRNA in SIV M 305 69.2 5 4000 0.13 

0.32 mg/kg/day 306 61.8 4 4000 0.10 

307 64.6 4 4000 0.10 

308 62.6 5 4000 0.13 

309 73.0 4 4000 0.10 

NPI Lucife rase mRNA in SIV 345 80.0 5 4000 0.13 

0.32 mg/kg/day 346 67.0 5 4000 0.13 

347 61.0 2 4000 0.05 

348 70.4 5 4000 0.13 

349 65.0 3 4000 0.08 

NPI Luciferase mRNA in SIV M 315 61.2 4 4000 0.10 

1.07 mg/kg/day 316 62.8 2 4000 0.05 

317 68.6 6 4000 0.15 

318 60.0 4 4000 0.10 

319 56.0 4 4000 0.10 

NPI Lucife rase mRNA in SIV 355 58.0 5 4000 0.13 

1.07 mg/kg/day 356 64.2 3 4000 0.08 

357 60.8 3 4000 0.08 

358 64.2 3 4000 0.08 

359 73.2 5 4000 0.13 

NPI Luciferase mRNA in SIV M 325 70.0 2 4000 0.05 

3.21 mg/kg/day 326 62.4 3 4000 0.08 

327 66.8 4 4000 0.10 

328 64.2 4 4000 0.10 

329 68.2 5 4000 0.13 

NPI Luciferase mRNA in SIV F 365 63.6 3 4000 0.08 

3.21 mg/kg/day 366 66.6 5 4000 0.13 

367 48.8 5 4000 0.13 

368 65.2 4 4000 0.10 

369 61.0 4 4000 0. 10 

CP M CP 348 33.0 131 4000 3.28 

40 mg/kg/day CP 349 22.8 157 4000 3.93 

CP 350 24.0 177 4000 4.43 

CP 351 30.2 136 4000 3.40 

CP 352 28.4 139 4000 3.48 

PCE- Polychromatic Erythrocytes; MnPCE- Micronucleated Polychromatic Erythrocytes 
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Table 5 (Coot): Induction ofMicronucleated Polychromatic Erythrocytes in Bone 
Marrow Collected 48 Hours Following Dose Administration 

Animal %PCE Micronucleus Frequency 

Treatment Sex No. MnPCE PCE % 

Vehicle M 300 67.6 3 4000 0.08 
0 mg/kg/day 301 72.8 2 4000 0.05 

302 72.6 3 4000 0.08 
303 73.6 4 4000 0.10 
304 63.4 3 4000 0.08 

Vehicle F 340 45.6 5 4000 0.13 
0 mg/kg/day 341 62.0 3 4000 0.08 

342 60.2 5 4000 0.13 
343 63.6 2 4000 0.05 
344 77.4 5 4000 0.13 

NPiluciferase mRNA in Sill M 310 64.9 4 4000 0.10 
0.32 mg/kg/day 311 43.8 3 4000 0.08 

312 62.2 2 4000 0.05 

313 53.6 4 4000 0.10 
314 65.2 4 4000 0.10 

NPI Luciferase mRNA in Sill F 350 49.2 4 4000 0.10 
0.32 mg/kg/day 351 65.6 6 4000 0.15 

352 61.8 3 4000 0.08 
353 65.6 5 4000 0.13 
354 68.2 5 4000 0.13 

NPiluciferase mRNA in Sill M 320 60.6 4 4000 0.10 
1.07 mg/kg/day 321 68.6 2 4000 0.05 

322 63.2 4 4000 0.10 
323 61.4 5 4000 0.13 

324 65.0 2 4000 0.05 

NPilucife rase mRNA in Sill 360 61.6 6 4000 0.15 

1.07 mg/kg/day 361 64.6 4 4000 0.10 

362 64.0 4 4000 0.10 

363 63.2 6 4000 0.15 

364 68.4 5 4000 0.13 

NPiluciferase mRNA in Sill M 330 68.2 2 4000 0.05 

3.21 mg/kg/day 331 60.6 2 4000 0.05 

332 66.2 3 4000 0.08 

333 70.8 5 4000 0.13 

334 72.8 3 4000 0.08 

NPI Luciferase mRNA in Sill F 370 56.8 4 4000 0.10 

3.21 mg/kg/day 371 57.2 4 4000 0.10 

372 72.8 6 4000 0.15 
373 74.4 6 4000 0.15 
374 73.2 1 4000 0.03 

PCE- Polychromatic Erythrocytes; MnPCE- Micro nucleated Polychromatic Erythrocytes 
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12. APPENDIX 1: Historical Control 
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Rat Micronucleus Test Historical Control Data 
2016-2018 

Historical Vehicle Control in Male Rats1 

Individual 
Animals Studies 

PCE% MN% PCE% MN% 

N 816 816 156 156 

Mean3 53.3 0.08 53.3 0.08 

SD 5.8 0.04 4.5 0.03 

95% UCL 64.9 0.16 62.4 0.13 

95%LCL 41.7 0.00 44.2 0.02 

Max4 84.8 0.30 77.0 0.18 

Min4 35.2 0.00 39.8 O.Dl 

Historical Positive Control in Male Rats2 

Individual 
Animals Studies 

PCE% MN% PCE% MN% 

N 588 588 118 118 

Mean3 43 .6 2.77 43 .6 2.76 

SD 6.0 0.99 4.5 0.90 

95% UCL 55.7 4.74 52.5 4.57 

95%LCL 31.5 0.79 34.7 0.96 

Max4 71.8 6.78 55 .6 5.41 
M' 4 m 17.6 0.18 24.7 0.53 

1Since no appreciable differences in the induction of MnPCEs by different vehicles and solvents (test article 
carriers) and different routes of administration were observed, this table contains data from carriers and routes of 
administration widely used during the conduct of contract studies at BioReliance. 

Vehicles: water, water soluble vehicles (methylcellulose, carboxymethylcellulose, dextrose), saline, com oil, and 
other vehicles. 

Routes of administration: intraperitoneal (IP), intravenous (IV), oral gavage (PO), subcutaneous (SC). 

Bone marrow collection time: approximately 24 and/or 48 hours post-final dose for Micronucleus studies; 3-4 hours 
post-final dose for the Micronucleus portion of combined Micronucleus/Comet studies. 
2Positive control article: Cyclophosphamide monohydrate (CP); Doses: 20 or 40 mg/kg; Route of administration: 
PO. 
3Average of the PCE ratio observed out of 500 or 1000 erythrocytes scored per animal for the total number of 
animals used; average of the number of MnPCE per 2000 or 4000 PCE for the total number of animals used; 
average of number of MnPCE/per group (containing 5-6 animals per group) for total number of groups used. 
4Minimum and maximum range of PCE ratio observed out of 500 or 1000 erythrocytes scored per animal, the 
minimum and maximum range of MnPCE observed out of 2000 or 4000 PCE for the total number of animals used 
and the minimum and maximum range of MnPCE observed out of 10000 to 24000 PCE for the total number of 
groups used. 

Formula: 95% control limit ranges= mean± 2 x standard deviation 

Note: This historical control data includes data from non-GLP studies. 
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Historical Vehicle Control in Female Rats1 

Individual 
Animals Studies 

PCE% MN% PCE% MN% 

N 413 413 79 79 

Mean3 52.6 0.09 52.5 0.08 

SD 5.8 0.04 4.4 o.m 
95% UCL 64.1 0.17 61.4 0.14 

95%LCL 41.0 O.oi 43 .6 O.o3 
Max4 74.2 0.25 63.5 0.16 
M" 4 m 27.0 0.00 42.8 0.04 

Historical Positive Control in Female Rats2 

Individual 
Animals Studies 

PCE% MN% PCE% MN% 

N 23 23 5 5 

Mean3 40.6 1.98 40.6 1.95 

SD 5.3 0.70 4.8 0.65 

95%UCL 51.1 3.37 50.1 3.25 

95%LCL 30.1 0.59 31.0 0.65 

Max4 50.2 3.03 48.5 2.84 

Min4 32.6 0.98 36.4 1.34 
1Since no appreciable differences in the induction of MnPCEs by different vehicles and solvents (test article 
carriers) and different routes of administration were observed, this table contains data from carriers and routes 
of administration widely used during the conduct of contract studies at BioReliance. 

Vehicles: water, water soluble vehicles (methylcellulose, carboxymethylcellulose, dextrose), saline, com oil, 
and other vehicles. 

Routes of administration: intraperitoneal (IP), intravenous (IV), oral gavage (PO), subcutaneous (SC). 

Bone marrow collection time: approximately 24 and/or 48 hours post-final dose for Micronucleus studies; 3-4 
hours post-final dose for the Micronucleus portion of combined Micronucleus/Comet studies. 
2Positive control article: Cyclophosphamide monohydrate (CP); Doses: 20 or 40 mg/kg; Route of 
administration: PO. 
3 Average of the PCE ratio observed out of 500 or 1000 erythrocytes scored per animal for the total number of 
animals used; average of the number of MnPCE per 2000 or 4000 PCE for the total number of animals used; 
average of number ofMnPCE/per group (containing 5-6 animals per group) for total number of groups used. 
4Minimum and maximum range of PCE ratio observed out of 500 or 1000 erythrocytes scored per animal, the 
minimum and maximum range of MnPCE observed out of 2000 or 4000 PCE for the total number of animals 
used and the minimum and maximum range of MnPCE observed out of 10000 to 24000 PCE for the total 
number of groups used. 

Formula: 95% control limit ranges= mean± 2 x standard deviation 

Note: This historical control data includes data from non-GLP studies. 
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PROTOCOL AMENDMENT I 

Sponsor: Modeml:, Inc. 

BioH.eliance Study r'l'o.: AF87FU.I2501 2NGLPICH.llTL 

Title: N'PI Luciferase mRNA in SM102-Containing Lipid Nanopartides: In Vivo 
-~ammalian Bone Marrow Erythrocyte Micronucleus f\ssay in the Rat ____ -------

1. Page 2, Sc;ction I, Key Personnel - Test Site{s) Information, Principal Jnvestiguwr 
(Cy'tokine analysis- 6 hour samples) 

F:ffective; Date of Study Director signature on this amendment. 

Original: 
Principal Investigator 
(C)tiOkine analysis- 6 hour 
samples) 

Change To: 
Principal Investigator 
(Cytokine analysis- 6 hour 
samples) 

To be added by Amendment 

PPD 
Charles River Laboratories 
54943 N Main St 
Matta'""'n Ml 49071 
PhonePPD 
Email:PPD 

Reason: To include the information for the PI for cytokinc analysis. 

2. Page 12, Section 8, Experimental Design and Methodology - C;.-1okine analysis, Last two 
lines in the section 

1:._/fecliw: Dare ofSmdy Director signature on this amendment. 

Original: 
For cylokin~ a.nal;.sis (6 hr post-dose) ship samples to: 

Contact and addre~s To be added by Am.:ndmcnt 

Change To: 
Fo.- cytokitw ;1nalysi~ (ti hr post-dose·) s!lip snmp!~s ta th~ Pl fo~ C;.1.nki:~c :tmt!y,is lts!ed 
in S~:ction L 

Reason: To include the shipping contact and address. 

Page l of3 
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PROTOCOL AMENDMENT I 

Sponsor: Modema, Inc. 

BioRcliance Study No.: AF&7FU.l250!2NGLPICH.BTL 

Title: NPI Luciferase mRNA in SMJ 02-Containing Lipid Nanoparticles: In Vivo 
Mammalian Bone Marrow Erythrocyte Micronucletls Assay in the Rat 

Sponsor Approval: 

PPD 

PPD 
PPD VIJ>C. Date 
~ponsor .K.c:pr.,;t:macive 

Page2 Qf} 
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PROTOCOL AMENDMENT 1 

Sponsor: l'v"lodema. Inc. 

BioReliance Study No.: AF87fU.l250! 1NGLP[CI L BTL 

Title: NP! Luciferase mRNA in SM l 02-Containing Lipid Nanoparticles: In Vivo 
Ma~rnalia~ Bone Marrow Ery1hrocyte i'vlicronucleus Assay in the Rat ··-·-· ---···----~ 

Study Director Approval: 

PPD PPD 
Date 

Page 3 of3 
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PROTOCOL AMENDMENT 2 

Sponsor: Moderna, Inc. 

BioReliance Study No.: AF87FU. t 250 12NGLPICH.BTL 

Title: NPI Luciferase mRNA in SM t 02-Containing Lipid Nanoparticles: In Vivo 
Mammalian Bone Marrow Erythrocyte Micronuc leus Assay in the Rat 

I. Page 2, Section I, Key Personnel 

F.f(eclive: Date of Study Director's signature on this amendment. 

Remo,•e: 
Sponsor's Authorized 
Representative 

Reason: Sponsor Request 

PPD MSc. 
Modema, Inc. 
200 Technology Square, 3rd Floor 
CambridQ~- MA 02B9 
Phone:PPD 
Emaii:PPD 

Page I of3 
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PROTOCOL AMENDMENT 2 

Sponsor: Moderna, Inc. 

BioReliance Study No.: AF87FU.l25012NGLPICH.BTL 

Title: NPI Luciferase mRNA in SM102-Containing Lipid Nanoparticles; In Vivo 
Mammalian Bone Marrow Erythrocyte Micronucleus Assay in the Rat 

Sponsor Approval: 

PPD 

PPD 
PPD 

Study Monl!or 

Page2 of3 
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F 

PROTOCOL AMENDMENT 2 

Sponsor: Modema, Inc. 

BioReliance Study No.: AF87FU.I25012NGLPICH.BTL 

Title: NPI Luciferase mRNA in SM 102-Containing Lipid Nanoparticles: In Vivo 
Mammal ian Bone Marrow Er)1hroc)1c Micronucleus Assay in the Rat 

Study Oire~tor Approval: 

PPD PPD 
uato: 

Page 3 of3 
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Study Title NPI L!ICiJ?tase mRNA in SMJ 02-Containif)g Lipid 
Nartapanic/es: In" Vivo Mammalian Bone Marrow 
Erythrocyte Mic:ron~cleus Assay in the Rat 

Study Director PPD PhD 

Testing Facility BioReliance Corporation 
9630 Medical CCI'Iter Drive 
Rockville, MD 20850 
USA 

BioReliance Study Number AF87FU.l250 12NGLPICH.BTL 

·. · "··' .. .... 

Page t of 18 
The life science business of ~lerck KGaA, Darmstadt, Germany 
operate~ as MilllporeSigma in the US and Canada. 
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· ... : llioR~lianc.e :~~dyNwnber: Af87f\J;l2501~N.GLf'I~Ji,BTL 

: .. · .. : ... 

t; :i(EYPERSONNEL. 
. . SJ!P~sorl!iformation: '·· :sp6

11
sor . -, > .. -

Sponsor's Authorized 
Representative 

St~dy Monitor 

Test Facility lnformalion: 

Study Director 

Test Site(s) Information: 

Prin9ipa~ lnve.stigat()r 
(i3iQAn!llysis ..:: 2 hour 
samples)' 

Modeina, h'lc; 
. ·2Q'Q i:t¢lil)plpgy ~q~al:f;; 3'l Floor 
C~brldge, 'MA 02)39 
USA 

PPD MSc. 
Modema; Inc. 
200 Technology Squ·are, 3'd FlMr 
Camb..:A...;; MA O?l'l.Q 

PhonePPD 
Email:PPD 

PPD MS, MBA, DABT 
Modema, Inc. 
ioo Teciinology sciuare 3'4 Floor 
Cam.brit!OP. MAMt"l} 
PhonePPD 
Emaii:PPD 

PPD PhD 
BioReli•M"' r.nmn,..tinn 
Phone:PPD 
EmaiiPPD 

PPD ,ns 
-Moderna,Inc. ~ . . . 
iOO Technology Square, 3111 Floor 
c.imbridJe. MA02139 
PhonePPD 
E-maiiPPD 

PrincipaJ Jnv~stigat()r To be added by Amendment 
.=_· , (<:;~~i*#fla.l:is\s. ::' ~:llour . ~ ,· :. ......... . 

. ; ~~irjple~) ~-;,, , , ;, : : . 

Version NQ. 3 Page 2 of 18 
Release Date: 24Ju!2019 
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·_;: - :;;~~~~~~~-j~'i&t~JJ~,~~~~~~#.i~·~~~~y~,~~~~ib~s . 
f9F. '.I'iQjl~t A:!>Q~iiiy $t\idi~~a· st.iidelilie; ·nowe:ver, 'hkstildy wm·not meet 
GLPreq . meiits: 

4. PuRPOSE 
The objective of this study is to evaluate the Test Atticle, NPI Ludferase mRNA in 
SMl02.~coritaining lipid nanoparticles, when admi~istered by slow intravenous 
injection, for in vivo clastog~ic activity arid/or disruption of the mitotic app!ll'atus by 
detecting micronuclei in polychromatic erythrocyte (PCB) cells in rat bone marrow. 
This assay design is based on OECD Guideline 474 (OECD, 2016), the lntemational 
Conference on Harmonisation (JCH) of Technical Requirements for Registration of 
Pharmaceuticals for Human Use (2011 ), and JSO/IEC 17025:2005 (ISO/IEC, 2005). 

5. TEST AiiTiCLE AND CONTROL ARTiCLE INFORMATION 
Test Article 

Identification 

Storage 
Conditions 

Purity 

Concentration 

rderitiflcation 

BioReHanee 
··-·' 'rAiD'·' '''·'"· ..... 

NPI Luciferase mRNA in SMI02-Containing Lipid 
Nanoparticles 

-60"C or below 
Protected from light 

90.5% 
A correction factor of 1.105 will be used for dose formulations 

25 mM Tris/sucrose lmM DTPA pH 7.5 

AF99YN 
. ..... .. ! :·._.--.. . , :_: .. . : 

Sto~ge :c6Q•Cgr_~~lpw _ 
,. ; ~~~1~l!~i':· •· _;. J!t:9i¢:B.~l :It!m~J$Jlr ·· · ..... :·. ·:: · · · • · .:· ·· · 

~':~ ::, -... ~.:;; _:::~·.;~::· ·~~+~~~~~"(:?~~·~~;:.;'*·:·~;:~:~:; .. ; .. 2:~ ;_~;-~; :;;,"~-·~~.:,:;. ::::. ~>~:\.: · :,::,:~:: ·.,: ;. ___ ,- ~····:·.~. ·.:: .. ~ ,:~ ·· ·~ :."' •..... . .... 
····-· __ ,,, "- . '" "' ••c, · , , ;~~biriwi~~()it · '-' cfcret~o$~idc'mon0hy~t¢'·(cn •:?' • •• • ····' ·· • · ..•. ·•· • 

-~ · -:;•.c ··ek~~iJ~~fw~:~,.~~Viffi~i~; .. :,;_:,;~·: · · · ,_. 
eh:atacttii.Zit!o'n· 6filic: 'TeSt Arrt&teiS the· reiponsibil ityof the Sponsdr . 
. :;· . . : : . . :.- . . ·. ':t ... ~ 
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. ; ' · .. ~ ·~ .. -· . . .·. ·. .... ... 

.... . -. 

· ·· ·····s~.-~,~~~,·~~·"'~~1!.,..,<¥"!>'·~~!).~~" ., 
. .... . 

. ., >~~i:~i6t~i~' ',: : <: ·,,; ~'< .. ~: :"'-.':::::·: ;(·. . . ... · .. 
tfi~ l:fictprh~if(;the Test Artii:le fonhulations wiil be cfiatacterized .. bythe 
Ce~rfi~~~ of't\J)a1ysis pro.vide,dby the Supplier. Copies of the Certificate of Anillysis 
willbe kepton tile at BioRelrance. 

CharaeteriUtion of DOse Formulations 
Dose t'omidlations will not be analyzed. 

Stability of Test Article in Vehicle 
Stability of the Test Article in Vehicle, under the conditions of use, is the 
responsibility of the Sponsor. 

Preparatioii of N'$tMN ebleii{Cilil'trol 
The Negative/Vehicle control, consisting of Iris/sucrose, will be removed from the 
freezer and allowed to thaw at 2 io 8°C overnight. The storage of the 
NegativeNehicle control at room temperature should not exceed 4 hours. The 
NegativeNehicle control may be stored refrigerated (2 to 8) for up to 8 hours if not 
used for dose administration or formulation preparation within 3 hours of removal 
from the freezer. Refrigerated NegativeNehicle control will be equilibrated at room 
temperature for at least 30 minutes prior to the start of dosing. 

Preparation of 'test Article Formulations 
O.osl: formjl(atjon prepllratlons will be performed under a Biological safety Cl,lbinet 
using as~ptic procedqr~s. 

; ~~~~fid~~ii~~~~~~~ht~r~1~· .. ~om.~tt~~ei .. ~~d~~~£[~t~: : · 
Negiiti#N ehiC:Ie 'Q}ritrolas . . the tai#t ·coneentratian for adtriin1i$1J~ati'on 
ari4 shtiuld ntit ~e filtered. ~~-' db'se 'ionniilailoris ~t - . 

; •.' ·.· 

""·· : ·· :· " · ' 

: .;. ;: 
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•: .. • . .. . :·. ; .. ::· . . ; . ~ ' 

DispoJJiti!>n of Test Amc.le, N~tive/V!lbicl~ Contro.l, ;md DOJJe fqnnnlathms 
All unused Test Article and NegativeNehicle Control will be returned to the Sponsor 
at the address listed below after the last day of dosing on a Monday through 
Thursday. Any thawed, unused Test Article will be returned on cold packs, any 
frozen and unused Test Article will be shipped on dry ice, and any unused 
NegativeNehicle Control will be shipped on dry ice to: 

TBD 
Mooema. 'Inc. 
200 Technology Square 
2nd Floor 
Cambridge, MA 02139 
Phone: TBD 
Emaii: TBD 

Residual dose formulations wilt be stored at 2 to goc and discarded upon report 
finalization. 

6. TESI .SYSTEM 
S!l(!Cies 

Jusijri~ationJor 
~~lii¢f!9~ qf 
S~ies~tnd 
str3in 

. . ··.·. · ... :.·. · 

Rat 

sp.m.~~"p~wterJffs4:S:o) 

.. The ·~~· ha;;~~·:~~iib~iy used·;9s ·~~ - anlmai modei of~liolce 
for the mllri'lrnali~n borie m~rrow ·erythrocyte mJcronucleus 
assay. This strain is an outbred strain that maximizes genetic 
!l~fogel),~l!Y. ~d. .t!}~refore tends to eliminate strain-specific 

.. ~SPfl,tlscr t6 ~~st ~c)e., .. 

. .. . ... · :' ~?~,~~-' ·····• ~· . :. , • .. , •••. ~rJ.f.,();~.~t~~~~Jf?t~~~~f.~ :~~~,~·tE~~~~ r~t~\} ~~c~~!.~~t ..... 
. ·:: .. .. ·:· 

' .. :.:.-.:;:.:. ·. · ..... · ··:~ti. : ' ·~:.. {::::,.:.7,.:=: . . _-.. ·-· .. . : 
. :·· . : ~- • .... .... ·:- ·'. ', ,-· ~·:: --: ·.·-~"7':·:-: • . ,: ~ - ~: ~; • .. ; 
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, .. , .. . 

.. : .. ~j?~~p~P~~- ~~dY;cJ~H~~~;.:AF8,1f.~·:HW~~8~~91~~JL 

~ftl~a1\veltan;• . ::.;b{~ stod; ·j~ -:ii~t ·ilu~li~i~~~:~;· :~ri~~~;~~>:tb;~:t n~lilber .bf • 

~~· ,.···< ~~=~'~moil..:~, 
Number and Se:t 
of Animals 

Body Weight at 
Rllnaomiiation 
and Age of 
Animals on First 
Day of Dosing 

Acclimation 

7. fJP~J3.4J"il)RY 
··H~~si~~ . 

Version No. 3 
Release Date: 24Jul2019 

The':(Jtii4e.fo~ the Care and Use of Laboratory Animals adopted 
by sioR:eiianee. 

Definifu'e {DEF*) I 
Males (Mai~) 40/12 I 
Females (MiiintrK) 40/12 l ... 

• Addottonal ammals may be added to the top dose as posstble replacements 
in the ease of mortality 

I Aee I Weii.!:ht I 
Males I IWiweeks I 150-35'0 g t 
Females I 6-8weeks l 

Animals outside these body weight ranges may be used with 
wrinen approval from the Study Director. The body weight 
ranges will be reported in the final study Report. 

The animals will be acclimated for at least five days. All 
animals will be judged to be healthy prior to use in the study. 
Priotto. thll first day .of. dos.e administration. aniJ!lllls will be 
observed at least once daily for signs of illness and poor health. 
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·· : ... .. , · . . :,.· 
' . . 

. .. : .· :: . . ~ipl{,el~8J1~~~~~1~ ·;N?m,~f~·~Af.8?fJ)• I~?~t~Nqy~~(;;,H,;•~Tk 

' '·.····· ··· if£-,~~~ 

Bedding 

Bedding, Food 
and Water 
Analysis 

., ·~~*~::r~h~;~~[·'~!i:t:J:~~iE~~~:· 
Coromi~sion (W'SSC) Piitoth~c . PJ~;~ntJ Drinking ~c:r is 
molli~ted at i~ ~nliuiilly for ' ' levels . of specified 
micr;><)!l,anisms, peSticides; heavy metals, alkalinity and 
halogens. 

If needed, animals may be given supplemental water, as tap water 
in a petri dish or Napa NectarTM (Systems Engineering; Napa. 
CA) or an equivalent hydration gel. 

Heat .treated hardwood chips will be used for bedding to absorb 
liquids. 

The results of bedding, food and water analyses are on file at 
BioReliance. Based on historical test results, there are no 
contaminants in the bedding, feed and water that are expected to 
interfere with the study. 

8. EXPERIMENTAL DESIGN AND METHODOLOGY 
The assay will be colidlicted according to established procedures (Heddle, 1973; 
Mavoumin et al., 1990; ·Hayashi et al., 1994, and OECD, 20 16). 

RJindom~pqn . 
The weight variation per sex ofall anilmils assigned to study will not exceed ±20% of 
~e, me:lP.l w¢igp~, ~i*l'ii!l: $~py Pl:r~~f,apprt;w~t,. AiililJiils wilt . ~ .. njiidoinizi:<l to 

_ ~c~ieV,~ t!\D~~~;~J~¢~JtiP.'Qt of~iJ!I~I~ t,tJt?:i!~<i,ilf~l);gtou~:s.-_ · \ . · ,-

A-nimal ld~ntif~Catio!l 
Fofli:i~irig rilni:loi'iiization, animals will be identified by sequentially numbered ear 

~1&i~~~~~:~~~:~~~~hi~~*~~i~~~s~l~~~!r· . ·- ... ·' . 
· · ;-~~M:~~tT~;~~~~~,~~~4.~~W~~~W:~:!¥1\~~~~~~~~~mg~.~~:;;:·,~j;; ";·;;,:, c:; •.• c : -·>· . 

... -:.:.,; _ ~-- ·;.;:, :: . ::~~::::.,; .. ·_;_:,; .. ~~: . :"~-{ ~ - - .· ..• · .. :. ·-- ',).:; c.: :. ·.:,:.:·.;-: • .-;,;_ ' . . . :- ,< ,;,·:: .• ... ' · : , .,,·•,' ' ' ·:··-·.:: :'. ·; ~ -~; __ . ; .~ ·, ~:i:, .:, 

... "':",':~,:,;,:~~:·~-!~~~-=-~~~,,::,. :~~ 
_ .. ·· . 
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.. · ..• ajt?,~~!i~f1 $~~! N1!1!,1~r:•Af~7:fJ:.l.:l'?$9AtN,~i:P:lqi:liiJl. . 

...• :fiiiii!i~lit·· ···· 
th9.~\l ~liov.~ have b.e~n .re,Poited to induce 'lllicronucleus forfua,tiq~ :(()il.iman 'et al, 
20{}4; King and Wild, 1983; Asanarrii and Sbimono, 1997; Asanaini and Shimono, 
1999). 

Mh:ronu~:leus Assay 
Animals will be dosed with the Test Article or Negative/vehicle control and 
eutbanized at the appropriate time. 

The high dose for the micronucleus assay will be the Sponsor-indicated dose level of 
60 nr_s/lq~ ()f ~MI 02. qpjd. Tl!is h,igh dose level was chosen to matCQ. the !Jf.~Vi_()US 
SM102 lipid dose level used on in vivo bone marrow micronucleus study 9800399. 
Two additional doses will be evaluated. 

The assay design will be as follows: 
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·:.: . .-... ·. . ~ .. . ' ,·· 
·· · ' .·· ·· 24 · .. , .. · 4s ··· 

· ., .: '· ·· :::. : .: ·. · · .. : ;.:·'D:o'$¢J)¢v¢1 i.· ·:· . • -:..·.: i.' ... ....... : 
· ···· · ·o:rrest' ·· ··· · c6ricefitr~tion: 

. . , .. c._ ... Nro_._···~.".·.·n ., . ·. ·c:·-... ... :e·st· .. ,.,..'·· .. ;:.~;;l·e· ': .• ·.: · .·.•·.',{A.·_.·m·._:,rtte_.· ,~··· .. ·n._·.·_.l· ...... ·.·.:_.··.'.·':"". . ~-· ; .• ·.·Ri.>..._'.· .. N· .. •·i..··AIS···'· . .... . ·. • .. ·M_:.:; l'·' ·.·.•, ... .. .Qp~~,.A.. .. . ,:..>;,,.i..""·of . 
'SJ . .,.. ,, ,....w~ . ;.,..,'" t; \.'"&'" ''"' Volume ' t~Tni~Jse~ 

[mRNM:Ml .. moiliplJjj .. <mUkg} 

2 

3 

4 

Vehicle/ 
Negative 
conirol 

NPI Luciferase 
mRNAin 
SMI02-

Containing 
Lipid 

Nanonarticles 
NPI Luciferase 

mRNAin 
SMI02-

Containing 
Lipid 

Nanoparticles 
NPI Luciferase 

mRNAin 
SM102-

Containing 
Lipid 

N!!nopl!11itlles 

02lipld]) 

0/0 

0.3216.0 

1.07/20 

3.21/60 

0/0 

0.064/1.2 

0.22/4 

0.64/12 

B;i!ed ~~~1)-in.:lividual body weight 
&R.in.ttf~):24-27 houn~rtd 45-'al19urs. fl:SP~~ly 
; ·: "><··::,::-<-··_: ..-_:~: .: ··::· .. •: . ·.·. :; . ~ .. :-- -- ::::~ <= ;· : ·:-- ·-. ~-. : .... .... . 

5 5 

5 5 

5 5 

5 5 

Prkir to tiie first a~ (f!Jr ·the puij:iOse of 
all dose volume calculations) 

Body Weight* 
: ., .: ·:·: :; .-~ ,, .. , ; · .. ... ·._· ' '. . 

~~~~~~~~~~~~~~~~~~~~~ ·. 
. . .... ·.,::_,·:"-- :. !•:: ... · ... · .. ,'.,, ... -.-

5 

5 

5 
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··· . . ,:: :. - ·. 

BIQOd (Plasma) CoUecti(ln and Sample Handline for TK and Cvtokine Analvsis 

Group 
No. Test Articl.e 

6 

7 

8 

9 

Vehicle/ 
Negative 
Control 

Luciferase 
mRNAin 
SM102-

Containing 
Lipid 

Nanoparticles 
Lu~Y.if~i:a~e 
mRNAin 
SMUl2· 

Con~ining 
LI iii ... P . . 

· N11nQ.niriticles . 
. , '. · ' 'l.lffiife!~se' ·· .. . 

mRNAin 
SMll>2-

Contalning 
LiPid .. 

. ·.· .. . _ ... . Wanonanicl~ . . 

Dose Level 
of Test 
Article 
(mglkg 

[mRNA/SMI 
02 lipid]) 

0/0 

0.3216.0 

1.07/20 

3.21/60 

:·.·,,: ' ............ ,, ...... ' 

Concentration 
(mglmL 

[mRNA/SMl 
02 lipid]} 

0/0 

0.064/1.2 

0.22/4 

0.64/12 

TK 
(Bloanalysis)/ 

Cytokine 
Animals/Sex 

3 

3 

3 

3 

;_; · .. :. " .. 

.. · ".) ·'·'·" '·.ctinection-Site> .' ·. J~etrc!o!<iffi'i\'li'LSirius- ., ·. , ... . · · ... , ....... .. · ·· ·• · .. .. , ,., .... · . 

Sample 
Collection 
Timepoint 

(hours postdose) 

2 and 6 

2and 6 

2and6 

2 and 6 

. . . . . .. . · .. ;; . .. . ::-,[~iti£~~~m;::·.-,._::~!~~1~¥&~i~j~!:/i'~~J~~~oi~F: ~~-:~~~~ 
.. "_::. ·· · ,, · ·. · ·· ~ >· , ' '· · ·\~~bls'th.~lliV ::;:·x : A~i~~~~~~n-::~ ·~l$lh~ti~<fJin9r{Q: :*iilb~!i~n ':~y.::, 7WAi · · ·.· · · 

coado%oa. 
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llioRel.iance Study N11ml>er: AF87FU . 12~0 l .~NOLPICH..BTL 

· . . : .. -, : ·.·: .. 

AiJticoagu)a:itt K:!EDTA 

SajppliiB~~d~ng Jn904' .. $!i.mpk$ wlli .be · iiii.:intairi~d .on w.et ice until 

. . C~~fflfifg~iio~ ·· .. ~tf:l~t1l~ii9n i.vlU b¢ :copdf:1cted in 'a groujf'.n\.in;bei . 
seqpence :()r4er frlim. Gr!>ups 6 io 9. elood. ~iitriples w!U be 
centrifuge!! for 5 minute~, 2-s·c. at 2000 g within I hour of 
coll~tion and plasma will be harvested into two. 
approximately equal, aliquots (primary and back up). 

Sample Storage Plasma samples will be stored at $ -60°C until packed on 
dry ice and shipped to the Test Site for analysis. 

Ani.mal 
Disposition 

Animals will be sacrificed by C02 overdose after their last 
collection timepoint. 

Bioanalysis (BiDA) 
A non-validated method (bONA) will be used to analyze the concentration of mRNA 
in the pl~sma samples. Plasma samples (3 samples/se.xlgroup; Groups 6, 7, 8, and 9) 
collected at 2 hours p()stdose will be shipped on dry ice by overnight courier to the 
Principal Investigator for BioAoalysis. They will be sent on a non-holiday Monday, 
Tuesday, or Wednesday that docs not immediately precede a holiday. Upon receipt, 
samples will be stored ai -80°C or below until required for analysis. Unused samples 
will be discarded upon acceptance of the analytical results by the Study Director. A 
BioA Contribution Report, signed by the Princip~l Investigator from the Test Site, 
will be provided and included in the main in vivo Micronucleus Report. 

r~. o:~ A '" '-• post-dose collections) ship samples to: 
PPD BS 

Moderna, Inc. 
200i'eclm.ol~;>gySqllar~, 3'd Floor 
Cam~~iliiie :MA il?l~Q . 
Ph~nPPD 
E~mai!PPD 

Cytokine ~~~lysis 
A .non•validated method (Luminex.) will be used to analyze the concentrations of 

· · c:Ytokiries' t~IP~ta." MCP.~l~ >IL;6; ·lh ~ B, TNFll, ·· JP<·I O) · irl the plasma · Mmples. 
rJa~ma ~amp!~ q,JI~ted ~- 6~~~u.r pi)S!ilOS() (~ ~!)1plesfs~:xlg1'9U,P; Groups 6.. 7, 8. 

··• ~: and '9))villl;le' shipfle~c(ln drylc~ bfovemi'ght ~urier to the :l'rin~ip~l 111vestigator for . · 

rt~~~;ii3~~~iiii~1~· 
... •· • ·.·., , · · .. «<n~41~1iqn ~i!n th:e Spon~(.R,e.j)N~el\!3\iv.e. ; A · CytQkirt~ All~J,lysis .. cpntrib,l.Jtion .. ... 

f{eporj; ~signed hitlle"Piinclpar rnvesttgaior from tile 'reS£ siie;wm be provided arid · 
. inchidi:'!i in the inain in vJw MicreiiltiCJeus Report. 
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·· .. · .. . -· 
·.: . -: '. "."" 

. J3j~~\lHIIP;~-~NH~~:.J\F8.1f'l), ~~~Q.J,2NQl,PlC"!.\3TL 

For cYidki~~ -~~ySi;Y6 'tir ~~~-4o~e{stil~"~~Jies' 1~: 
.. · e6nkciartd :id~~~to~-11~4~if6yt\meielni~~i · · 

• ' . . . . . 

. . '-f~:~~~f~f~it~l;;:.:~1le~te~ ·-~· app~~i,:a~~~~ ;~--o~-~·~;·~b~: after d~se 
adiriiillstr:ttion, as indi~te<:J.Ariirnals will be e!lthani.zed by carbon dioxide inbalat,iQn. 
Imn'iediately foUoWing euthMasia, the. femui'S win · be eX.posed, cut juSt al:iove the 
~~. tmd the bone marrow will be aspirated into a syringe containing fetal bovine 
serum. 

Preparation ofMicronueleus Slides 
The bone marrow will be transferred to a centrifuge lube containing I -3 mL fetal 
bovine serum, the cells will be pelleted by centrifugation, and the supernatant drawn 
off leaving a small amount of fetal bovine serum with the pellet. Cells will be 
re-suspended and a snu!ll drop of the bone maJTOw suspension will be spread onto a 
dean 'glass slfde.-At teiist four slide$ wllf be prepared !TOm each. iuiimal, air dried and 
fixed by dipping in methanol. One set of two slides (including at least 5 Positive 
Control slides) will be stained with acridine orange for microscopic evaluation. The 
other set of slides will be kept as backup. Each slide wiU be identified by the harvest 
date, study number, and animal number (or slide number for Positive Control slides). 
Slides will be coded using a random number table by an individual not involved wilh 
the scoring process. 

S~ri~g ofMicro_nu~o:leus Slides 
Slides will be evaluated by fluorescent microscopy. The staining procedure permits 
the differ,eQUi!tipn by .color . of polychrom!ltic and .norroochromadc erythrocytes 
(bright ora:nge PCEs lind ghost-like, dark gr:ee:n NCEs, res.pectively). 

Tl'til. · .<:t"l~rta Jo.r.<llie ",idei:\~ifj_¢\l.ti~ll - - !?f,.mic;r(?PUclei .. l:\re . th9~.e .. of .. Schmid {l.97:S). 
fV!J~i#!!" · · · •.• @#r ~~!'i~4·£~Pi~~- tPakii¥#er~rw #Jll.#.~~iili,d V\1,\!:~~~.F~JI)' :S:re · 
l»tWeerr . J/S 'tli\:.siZe .of'the :PCE• The frequency •of micronucteated-cells will 
be recordeQ .. With .'cells cciritiliniiig o'ne or more micronuclei counted as one 
micronucleaied PCE (MnPcE). 

; :s~~~tidJwitlbe!·discan1eit;ri~;!;~I';~;nrt~ii~:iiicn; . :·. · · ; :.·.·-:::. 
~--.... -. ;;:~:;~\.:~.~~:cr:;~ tr~~~:(~;;--·--~:::.-::::.~:.;::-:.:-~~;::-.!?::::::?·~:::~"~:~;:-::~~::-::-::::~-::;T:.:?·::-:,-.""'"::::7.· .. ·.. ·.-. :;:: :_:·~ .. 

1. &1f£4r7~~=;;: .. ... : 
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.. .. Bi()~liar)~e~W4y.Nvmbe:; ~F8;7fi,J.l~~Pl4NOLPI((;H;J;lTL 

iit~:!&1iil 
the :COJJCIII'fent vehicle contrOL If L;eyene's test. indicates h~terogeneous group 
variances {significance level• of p · ~ ito's). the suitability of a tr8iisformation of the 
original data will be evaluated (e.g. using logarithm transformed values of the original 
data) iri .ari attempt to ineetthe.norriialitj criteria. AfterWards, stiltistical analysis will 
be performed using the p!irafnetric tests descrih!:d above. If parametric tests are not 
acceptable, non-parametric statistical methods (Kruskal Wallis and/or Mann Whitney 
test) may be used in evaluation of data. 

A linear regression analysis will be conducted to assess dose responsiveness in the 
Test Article treated gro:up~ (p~ 0,01 and R~70%). Alte.mative statistical methods 
(e.g., Jonckheere's TeSt) .may be used in the evaluation of data (p!> 0.01). 

A pair-wise comparison (Student's T-test; ps 0.05) will be used to compare the 
Positive Control group to the concurrent Vehicle Control group. If parametric tests 
are not acceptable, non~parametric statistical methods (Kruska! Wallis and/or Mann 
Whitney test) may be used in evaluation of data. 

9. CRITERIA FOR DETERMINATION OF A VALID ASSAY 
Vehicle controlil 
The group mean frequency of MnPCEs should ideally be within the 95% control 
limits ofthe-distribution of the historical Negative Control database; lfthe concurrent 
Neg;rtive Control data fall outside the 9~.% control limits, they may be acceptable as 
lo~g ·as these data are not extreme outliers (indicative of experimental or human 
eJtOr); . . . . 

.. ;·. :;;' .' '· ·. :·. ' ' .. ' ·, ~. :· .. ~ 

Positive:cOii'trolii · 
nJ~ .fk.queJicy ofMiiPCEs for the scoring controls must be significantly greater than 
the ~X>nc:urrent Vehicle Control (p ~ 0.{)5)~d should be compatible with those 
observed Jn.fue ·historical Positive Control data base. 

. . ·,·:_ ·_. .·-. ·: -:.· 
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·:-:· . 

Bio)t!)li~Pl? .Stu~yNumb~r; ~A.f$7flJ.~J~.5~l2.NQL~J~H,BTL 

;~:~~t~~~~~~~;;~i;~~~~~.:.~~d ·to;·ili:e~~~~~:;~~~:~~~:~~t~ 
scl:ire\1 peyiinlmalto"aetettlline me· . . . ofl'ceg. lci;an' indeiiif»ooe marrow 
'$: .. .. . . ~~ts~~;~~;~~~:~~gS,~&~~f~~~fit~~~~TI~J · 
rrom'evatfultiori. 

Maxinuim Dose Evaluated 
The maximum dose evaluated for micronucleus induction must 

a) be the MTD or MFD, or 
b) demonstrate cytotoxicity in the bone marrow (reduction in the PCEINCE ratio of 

more than 50% but not less than 20% of the control value), or 
c) in the absence of cytotoxicity or MFD, a dose of 2000 mglkg!day (limit dose) is 

used. 

lO.EVALUATIONOFTESTRESULTS 
A Test Article will be considered to have induced a positive response if 

a) at least one of the Test Article doses exhibits a statistically significant increase when 
compared with the concurrent Negative Control (p :S 0.05), and 

b) when multiple doses are examined at a particular sampling time, the increase is 
dose-related (p:::;: O.ot and R ~70%), and 

c) results of the group mean or of the individual animals in at least one group are 
outside the 95% control limit ofthe historical negative control data. 

A Test Article wiU-be considered to have induced a clear negativ.e response if none of 
the criter:ia for a positive reswnse "Yere met liJld there is evidence that the bone marrow 
was expf?s_ed·to .th~ Test Arti~l~ (11nless irilravenous ailm~nistt'ation W1IS used). 

ittl!li#st?~n.~~~, 11~~~¢tPiea~(y :p~~iriven,o,r . ~l~atiY~~pgi~hi~)ptJJl. :~i'i!.kffi:.~li~# :· in 
establishing the biologlcat.:releVarie¢ or a tesurt; the ~iltil will •he -~atiiated by . ex. pert 
ju4~e)ii 8i):cllor·:rut1her inve$tigaiions. ·Pqssjble a4didtirnil work may im:l11de s~?oi'ing 
ad(!itiona! cells (where jippropri(!te) or performing an a9ditional experiment that could 
employ tbe .. use .of tnoi!_ifii!d e)(P#imeutaLcondil'ions. Sucb additidnal work will only 

, ~~~~~#~~~ . fel!owil;;g · ~llsylt~ti~,~n.. w;itb, o.~flli a~ . .. fue c%west o.f, . .tfJe. $pqrsor 

·· ··· :t~·t~ijfc~~~. ~~~il''~t\~~·}tirih~~·~in~~~~~" :.'t!~ris: ,~~~}'ikci :set\iiitt;~eel~~ril~~i~g a· · 

·:·~'.".~~!~~1~ . , : ,~\~~~Jde~~:~ ·:: , ;7:~~~fn · , . ~~~~cJ~( .. ,. -l~a~ '.' . ~. ·· , ··. : •. -
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·n:·.~~~t~~:~;~;~t~~~f~:o~~~~~:~~•o.f:d~ta. ~ay ,ipcl~de _·~pt .n.o\ · •be 
limited tO. the . foiloWlng (ve!'Sion -numbers are . rila!rttained iri· the ' system 

l2.REPORT 

CaptUres in-life toxicology, animal 
randomization and management data 
Ca!culations!Randomlzation 
Environmental Monif<)rir•n 
Deviation and 
Generates in-life 

An abbreviated summary Report will be prepared by BioReliance and include: 
• results in tabular t'onn 
• interpretation of results 
• conclusions 

13. RECORDS AND ARCHIVES 
Upon issue of the final report, all raw data for procedures performed at BioReliance 
will be returned to the Sponsor. 

The raw data, Reports, and other documents generated at locations other than 
BioRenance will be archived by !he Test Site:. 
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· •··. V;1#;l~ ·J ;~:~ t~!d :!~ 'l(yoJe~ for chr~ornq~o:tl;~J d.ii1i!lge. Miita~io!iJ~e~ J·~:l&H9.Q • . 
. _, ... . ·-: 

. : ;· ...... : . . ~ :·:.:r:· .... \· .... : . . .. ; . _ .. _. . . . . . ...... . :·/ .. ·. · .. . ·' . . ;: , ~ ) .. :.... . . .. . . 
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Male Body Temperature 

Treatment 

Vehicle 
24 Hour 

48 Hour 

Sex 

M Mean 

M 

+I-SD 
°C Change 

Mean 
+I-SD 

°C Change 

Pretreatment 

-48h r -24h r Oh r Average 

Pre-Dose Pre-Dose Pre-Dose Pre-Dose 

37 1 
0 3 

37 2 

02 

36 8 
06 

37 0 
04 

37 1 
03 

36 9 
02 

37 0 

37 0 

NPI Luciferase mRNA in SM102-Containing Lipid Nanopartic1es 
0 3216 0 mglkg!day 
24 Hour 

48 Hour 

I 07120 mglkg!day 
24 Hour 

48 Hour 

3 21160 mglkg!day 
24 Hour 

48 Hour 

M Mean 
+I-SD 

°C Change 

M Mean 
+I-SD 

°C Change 

M Mea n 
+I-SD 

°C C h ange 

M Mean 

M 

+I-SD 
°C Change 

Mean 
+I-SD 

°C Change 

M Mean 
+I-SD 

°C Change 

37 I 
03 

36 8 
02 

36 9 
03 

37 4 
04 

37 0 
0 I 

37 0 
04 

37 4 
02 

37 I 
0 I 

36 9 
04 

37 0 
0 3 

36 9 
02 

36 9 
02 

36 8 
0 I 

36 8 
0 I 

36 9 
02 

37 2 

02 

37 2 
03 

37 0 
02 

37 1 

36 9 

36 9 

37 2 

37 0 

37 0 

Group Mean Body Temperatures ("C) 

0.5 Hr 1 Hr 2 Hr 4 Hr 5 Hr 6 Hr 8 Hr 24 Hr 48 Hr 

Post-Dose Post-Dose Post-Dose Post-Dose Post-Dose Post-Dose Post-Dose Post-Dose Post-Dose 

38 1 
±0 4 

1.1 

38 I 
±0 4 
1.1 

37 7 
±0 5 
0.6 

38 0 
±0 2 
1.1 

37 9 
±0 3 
1.0 

38 2 
±0 2 
1.0 

38 0 
±0 4 
1.0 

37 9 
±0 3 
0.9 

38 4 
±0 4 
1.4 

38 I 
±0 3 

1.1 

37 9 
±0 4 

0.8 

37 9 
±0 2 

1.0 

37 9 
±0 3 
1.0 

38 0 
±0 5 

0.8 

37 7 
±04 
0.7 

38 0 
±0 4 
1.0 

37 9 
±0 4 
0.9 

37 6 
±0 4 
0.6 

37 5 
±0 6 

0.4 

37 7 
±0 6 
0.8 

37 7 
±02 
0.8 

37 8 
±0 5 
0.6 

38 I 
±0 2 

1.1 

38 I 
±0 4 
1.1 

37 4 
±0 2 
0.4 

36 7 
±0 4 
-0.3 

37 3 
±0 4 
0.2 

37 5 
±0 2 
0.6 

37 I 
±02 
0.2 

37 9 
±06 
0.7 

38 I 
±0 3 
1.1 

38 I 
±0 7 
1.1 

37 9 
±0 4 
0.9 

37 4 
±0 3 

0.4 

37 9 
±0 2 

0.8 

37 7 
±01 
0.8 

37 7 
±0 3 
0.8 

37 9 
±0 4 

0.7 

38 1 
±0 2 

1.1 

38 5 
±0 8 
1.5 

37 9 
±0 3 

0.9 

37 5 
±0 4 
0.5 

37 8 

±0 7 
0.7 

37 3 
±0 I 
0.4 

37 8 
±0 3 

0.9 

38 0 
±0 5 
0.8 

38 5 
±0 2 
1.5 

38 4 
±0 7 
1.4 

37 4 
±0 3 

0.4 

37 3 
±0 3 

0.3 

37 8 
±0 6 
0.7 

37 4 
±0 2 
0.5 

37 8 
±0 2 

0.9 

37 9 
±05 
0.7 

38 2 
±0 3 
1.2 

38 2 
±0 7 
1.2 

37 5 
±0 3 
0.5 

36 9 
±0 2 

-0.1 

37 3 
±0 4 
0.2 

36 9 
±0 2 
0.0 

37 I 
±0 6 
0.2 

37 I 
±0 5 
-0.1 

37 4 
±07 
0.4 

37 7 
±I 2 
0.7 

NIA 
NIA 
NIA 

37 3 
±0 3 
0.3 

NIA 
NIA 
NIA 

37 5 
±0 5 
0.6 

NIA 
NIA 
NIA 

37 0 
±03 
-0.2 

NIA 
NIA 
NIA 

36 7 
±0 6 

-0.3 

SO~ Standard deviation N/A - Not Applicable due to study des ign 
oc Change= Post-treatment temperature - Pretreatment temperature 
NO~ No data due to mortality 
3SO ~ Standard deviation not available due to single surviving animal 
4SO ~No Standard deviation available due to single value reported 
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Female Body Temperature 

Pretreatment 

Treatment -48hr 

Pre-Dose 

-24hr Ohr 

Sex Pre-Dose Pre-Dose 

Vehicle 
24 Hour 

48 Hour 

F Mean 

F 

+I-SD 
°C Change 

Mean 
+I-SD 

°C Change 

36 9 
0 I 

34 8 

43 

36 9 

02 

34 6 

4 I 

NPI Luciferase mRNA in SM I 02-Containing Lipid Nanoparticles 
0 3216 0 mglkglday 
24 Hour 

48 Hour 

I 07/20 mglkglday 
24 Hour 

48 Hour 

3 21/60 mglkglday 
24 Hour 

48 Hour 

F Mean 
+I-SD 

oc Change 

F Mean 
+I-SD 

°C Change 

F Mean 
+I-SD 

°C Change 

F Mean 
+I-SD 

°C Cha nge 

F Mean 
+I-SD 

°C Change 

F Mean 
+I-SD 

oc Change 

SO ~ Standard deviation 

36 4 
05 

35 0 
30 

37 6 
I 9 

37 0 
07 

414 
I 9 

39 I 
I 8 

36 2 
0 7 

36 5 
1 9 

38 3 
1 8 

36 8 
05 

41 8 
2 0 

39 3 
I 8 

oc Change = Post-treatment temperature- Pretreatment temperature 
NO ~ No data due to mortality 
3SD ~Standard deviation not available due to single surviving animal 
4SO ~No Standard deviation available due to single value reported 

37 2 
03 

35 I 
45 

36 6 
I 0 

35 0 
3 3 

38 I 
I 7 

37 7 
0 9 

41 7 
I 8 

39 4 
I 5 

Average 

Pre-Dose 

37 0 

34 8 

36 4 

35 5 

38 0 

37 2 

41 6 

39 3 

0.5 Hr 

Post-Dose 

37 9 

±0 3 
0.9 

36 6 
±4 2 

1.8 

37 9 
±0 9 

1.5 

36 6 
±2 5 
1.1 

39 2 
±I 7 
1.2 

38 5 
±0 8 
1.3 

42 5 
±2 I 
0.9 

40 5 
±19 
1.2 

1 Hr 2 Hr 

Post-Dose Post-Dose 

38 5 
±0 2 
1.5 

36 6 
±4 3 

1.8 

38 0 
±0 7 
1.6 

37 9 
±I 8 
2.4 

39 4 
±1 9 
1.4 

38 6 

±0 8 
1.4 

42 8 
±2 3 
1.2 

40 5 
±2 2 
1.2 

37 6 
±0 4 
0.6 

36 4 

±4 3 

1.6 

37 7 
±0 8 

1.3 

36 7 
±2 7 
1.2 

38 8 

±2 0 
0.8 

38 0 
±12 
0.8 

42 9 
±2 2 
1.3 

40 6 
±2 I 
1.3 

Nl A- Not Applicable due to study design 
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Group Mean Body Temperatures ("C) 

4 Hr 5 Hr 6 Hr 8 Hr 

Post-Dose Post-Dose Post-Dose Post-Dose 

37 0 
±0 2 
0.0 

34 9 
±4 2 

0.1 

37 7 
±0 9 

1.3 

35 9 
±2 9 
0.4 

38 2 

±20 
0.2 

37 9 

± I 0 
0.7 

42 7 
±2 I 
1.1 

40 7 
±2 I 
1.4 

37 9 
±0 4 
0.9 

38 0 
±0 4 
3.2 

38 I 
±0 8 
1.7 

36 2 
±2 7 

0.7 

39 3 
±I 7 
1.3 

38 0 
±0 8 
0.8 

42 9 
±2 I 
1.3 

40 9 
±2 2 
1.6 

37 9 
±03 
0.9 

36 3 
±4 3 
1.5 

37 8 
±0 8 
1.4 

35 8 
±2 8 

0.3 

38 8 
±2 0 
0.8 

38 I 
±0 9 
0.9 

43 0 
±2 I 
1.4 

40 7 
±22 
1.4 

38 I 
±0 4 
1.1 

35 6 
±4 I 
0.8 

37 9 
±0 5 
1.5 

35 7 
±2 9 
0.2 

39 0 
± I 9 

1.0 

38 1 
±0 8 
0.9 

42 6 
±23 
1.0 

40 5 
±2 1 
1.2 

24 Hr 

Post-Dose 

38 I 
±0 4 

1.1 

34 9 
±4 3 
0.1 

37 3 
±0 9 

0.9 

35 5 
±2 5 
0.0 

38 4 
±I 4 

0.4 

37 0 
±0 8 
-0.2 

41 6 
±2 5 
0.0 

39 6 
±2 2 
0.3 

48 Hr 

Post-Dose 

NIA 
N/A 
NIA 

35 8 
±4 5 
1.0 

N/A 
N!A 
N/A 

35 9 
±2 8 

0.4 

N/A 
N/A 
N/A 

37 I 
±0 9 

-0.1 

N/A 
N/A 
N/A 

39 3 
±2 I 
0.0 
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BioReliance Corporation 

9630 Medical Center Drive 
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USA 
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I. RESPONSIUl,E PgRSONNRL 

l.l. Test Site 

SJte Hcnd I (~cncrnl 1\lnnuger 
PPD 

Senior Director, Safctv Evaluntion PPD 
Senior l)irel1:01', Labomtorv Sciences PPD 
P1incipal Investioator 

Rcp01t Coordi.nator 

2. StJMMARV 

PPD 
PPD 

Bf\ 

PhD, DSI' 

BS 

BSc 

BS 

TI1is ph as~ of the sh1dy was conducted for Modern a, Inc., to evaluate plasma from (Hsd:SD) 
Spraguc-Dawky rats for C)iokinc analysis. 

Administration ofNPI Luciferase mRNA in SM102-,ontaining lipid nanopmticles to rats when 
given by slow intravenous i1~jc~.:t i on at SM102 lipid dos.: l.:vds ofO, 6, 20, and 60 mglkg cli.:ited 
C)tokin~ changes at dose levels of20 and 60 mgikg which included increases in IL-6 (3.60x -
3.68x), MCP-1 (2.65x - 4.66x), MIP-lu (l.94x - 2.62x), andior IP-1 0 (4.58x - 30.47x) at 6 
hours post-dose in both sexes. 

3. MATl~lUAl.S AND 1\mTIIODS 

3.1. Sample lkceipt and Analysis 

Plasma Slllllples were received on dry ice from BioRelimJce Corporation, Rockville, Maryland 
forth<: evaluation ofc;,.1okine concentrations (MIP-la., MCP-1, IL-6, lL·l~, TNFa, IP-10) using 
validated methods (!vlcthod No. CP-CLP-042-A). Sampl~s were stored at-80"C or below upon 
r~ceipt until analyzed. 

4. STATISTICS 

Statistical ~nalysis was not perfonned; however, means and stllndard deviations wer<J calculated. 

5. COMPUTER SYSTEl\IS 

Critical compu1etized systems used in the study ara listed below (Text Table I). All 
comput~rized systems used in tile conduct of this study have been validated; when a particular 
system has no! ~atislled all requi.r~rnents, appropriate administratiw and procedural \:ontrols 
·were itnpl,;::tllcntcd to .U.."i~un:: th,; "-lu.ality und integrity of datu. 
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Text Table I 
Critical Computerized Syst~rns 

is an integrated system 
. a u~cr to pcrfom1 data entry, retrieval, data 

tnanagc:ment~ reporting, gUlJ)tics, stati:itimtl analy!>i~ and 
applicat ions development. 

a tlow C)'tt.)lllOl.:r·\13->CJ duaJ.Ja,er 
· idcntifyi ng ~md quantitating liP to 1 

diffcro;ntanalytcs in a single biomokcular assay (Xl'vl<\P 
techndogy). 

6. RI~TENTIO~ OF RIK:ORUS AND SAMPLES 

All study-specific raw data, documentation, proto~ol, and samples, and final reports ti·om this 
smdy were archived at a Charles River archival facility unless otha·wisc specified in the 
protocol. At least one year after issue ofthe draft repott, the Sponsor will be coutacted. Unused 
samples will be discard~d upon acceptance of the analytical results by the Study Director in 
consultation with the Spons()r Representative. 
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7. RESULTS AN]) I>ISCUSSION 

Appropriate samples were analyzed a~ directed by the protocol. No deviations occurred during 
this portion of the study. Cytokine data are presented in Table I and Appendix 1. 

7.1. Cytokines 

For this report, treated animals' values were compared to control (vehicle) animals' values. Fold 
change (x) in cytokine parameters were delennined by comparing the C':rroup 7, 8, and 9 mean to 
the control (Group 6) mean. 

Text Table 2 
NP! Luciferase mRNA in SM102-containing lipid nanoparticles -Related Cytokine Changes 

Group 6 7 8 9 
SM102 Lipid T>ose 

0 (Vehicle) 6 20 60 
(mg/kg) 

Sex M F M F M F :M F 

JIA ~ (pg/ m I,) 
6HPD 103.917 112.927 -- -- -- -- - --

n .-6 (pglm L) 
6HPD 1881.760 962830 -- -- - 368x 3.6()x 363x 

MCP-1 (pg/mL) 

6BPD 1263.717 1092.177 -- -- 3.05x -- 2.65x 4.66x 

TNl'"-a (pg/mL) 

6HPD 47.440 47.770 -- -- - -- - --
MIP-la (pg/mL) 

6HPD 34.410 48.147 -- -- 2.42x -- 1.94x 2.62x 
IP-10 (pg/mi.) 

6HPD 5(10587 405.460 -- -- 4.58x 7.24x 7.48x 30.47x 

M • Males. F • Females, HPD • Hours Post Do~e 
Dashes ( --) indicate absence of change. Numerical valu!!s indicate fold change of the treated 
group mean value relative to the control group mean value. 

Intravenous administration of NPJ I .ucifera~e mRN !\in SM I 02-conlaining lipid nanopartides 
resulted in test ruiicle-related increases in IL-6, MIP-lu, MCP-1, and IP·lO concentrations 
6 hours post·dose at the 60 mglkg dose kvd in both males and [!!males. Test article-related 
increases at the 20 mg/kg dose J.wel were observed 6 hours post dose in IL·6 in females, MIP-lu 
and lvlCP-1 in males and lP-1 0 in both males and females. 

Peak IL-6 concentrations fold increase over the baseline ranged from 3.68 and 3.63 in females at 
20 and GO mglkg, respectively, and 3.60 in males at 60!rnglkg. 

Peak lviCP-l concentrations fold increase over the baseline ranged from 3.05 and 2.65 in males 
at 20 and 60 mg/kg, respectively, and 4.66 in females at 60 mg/kg. 

Peak i\HP-la concentrations fold increase over the baseline ranged from 2.42 and 1.94 in maks 
at20 and 60 mg/kg, resp.:ctively, and 2.62 in females at 60 mglkg. 
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J>eak. IP·lO concentrations fold increase over the baseline ranged from 4.58 and 7.48 in males 
and 7.24 and 30.47 in females at 20 and 60 mglkg, respectively. 

No test article-related cytokine changes were noted in the 6 mglkg dose. 

There was 110 test article related effects observed on ll..-1~ or TNF-a in either sex at any dose 
level. 

8. CONCLUSION 

Administration ofNPI Lucife.rasc mRl~A in SM102-containing lipid nanoparticles to rats when 
given by slow intravenous injection elicited cytokine changes including increases in lL-6, MCP-
1, MIP-lu, and IP-10 at 6 hours post-dose in one or both sexes at 20 mglkg and in both sexes at 
60 mglkg ofSM102\ipid. 
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Table 1 
Summary ofCytokine Values 

Site Reference No. 2308·115 
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Abbreviation for Cytokine Parameters 

6HPD - 6 hour postdose 

Site Reference No. 2308-115 
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2Wl-1 15 
NPil"<ll~rase mRNA in SM102·C()I11ail1ing Llpi<l Nanopaiti;;le$; In Vivo Mammal"n Bone Mar.,., Ery111rOC'f(e I.Uoronu~oosA...,y In 1l10 Rat 

Summary of cytokine Ya!ues 

sex: Malo 

OaY(s) Relative to Start: Date Groups Group7 
IL-1t~ta 1(6HPD) Mean 103.91 7 140.453 
(p:;lml ) SD 23.9177 35.4193 

N 3 3 
1L-6 1(6HPD) Mea11 1881 .760" 2586.950. 

(pglml ) so 1425.7395'" 2101.1177" 
N .. 3 • 

MCP-1 1(6HFO) Mean 1:263.717 1703.100 
(P>Jiml ) so 271.60 57 0.0000 

N 3 3 
TNF-a lpha 1 (6 HFD) Mean 47.4>10 51.21!3 

(pglml ) so 2.6710 17.9581 
N 3 3 

MIP-1al,:m 1 (6HFD) Mean 34.410 41 .910 
(pglml ) SD 00000 6.9072 

N 3 3 
IP-10 1 (6HFD) Me:an 500.587 527.610 

(pg/ml ) so 63.3960 127.1126 
N 3 3 

t esting Focility Study No. AFS7FU.l25012NGL!'!CH.BTL 
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GNN.~p3 

153.613 
12US93 

3 

3515.173 
3162Jl510 

3 

385:2.117 
133&.9747 

3 
10.,193 

47.9196 
3 

83.430 
26.7255 
3 

2290.207 
1090.3360 

3 

Group9 

107.900 
4.5989 
3 

6766.187 
736.3812 

3 

33l;3.137 
1097.6276 

3 
<U57 

2.66!:6 
3 

66.620 
"E1412 
3 

3746.320 
3297.2851 

3 

Site &::lerenc:e No. 230&~ 1l5 
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WlS-115 
tJPl Luco19ras9 mR:NA 1n $M102-C01'11aifling Lipid Naoop:a!U:IG-$: In ViVo M~m·mauan So~ M:arrC~N Erythroeyte tUcronucl'eu$AS'S3y 1n 1tle Rat 

Summary ofO,tokine VaiLJeS 

sex: Female 

Dey{S) Relabve ID S•ut DOte GroupS Group7 GroupS G10Up9 
IL-1teta 1(6HPO) Mean 112.927 163.321 219227 11aan 
(p<Jim~) so 21-7139 56.2205 91 .0994 30.7706 

N 3 3 3 3 
IL-li 1(6HPO) Me<!in 962.&0• 2!;27.237 3543.200 3490.410 

(;>Siml) so 1160.1796" 906.0e39 1&49.3502 1061.5334 
N .. 3 3 3 

MCP·1 1(6HP0) Mean 1092.1ii 1319.093 1381.213 5093.663 
(PIJ/ml) $0 ;!194;132 269.9198 163.1729 :!446.7450 

N 3 3 3 3 
TNF-iilpho 1(6HPC) Mean 47.770 64.807 49.1iSO 50.537 

(pg/mL) so 27.9642 26.1!WJ 8.8063 25.7539 
N 3 3 3 3 

MIP·1:Upl1a 1(6HPO) Mean 43.147 57.197 50.517 126.010 
(pglmL) so 8.2653 17 4563 61914 303349 

N 3 3 3 3 
IP..10 1(6HPO) Mean 405 . .000 667.743 2934.433 123>5.077 

(p;;lml) SD 36.1255 208.3876 296. 1695 2342.3394 
N 3 3 3 3 
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Appendix l 
h1dividual Cytokine Values 
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Code for Individual Cytokine Values 

6HPD - 6 hour postdose 

Site Reference No. 2308·115 
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2008-115 
t<~l L•c;to~o rnRNA in $Ml02.COI11ainil1g Llpi<l Naropart>: ... : In Vl>JO Mammalian Elooo Marrow ery111rocyto M<:ron"<l""sA..,y in 1M Rat 

lndvidual CytokineV.alue3 
Sex; Uate 

CltO\If>S 

IL-1l:ota IL-<i :::;,;-1 TNF-alpllo 
Day[$) R<I•M"' $!;!~ 0""' 1\XIImll IOOimLl mLl loalml 

37:1 
1{6HPO) 94.S1 <293.00 1420.53 48.04 

37e 1{CHP0} 131;)5 2300.49 95MS 44.52 
377 1(oHPO) Jl$.a9 ~4S,7S 1420.53 49.7e 

Testi."fl Facility Study No. AFS7FU'.US01:lK<lLPlCH.!nt, 
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Ml='t" 
34.41 

34.41 
34,41 

IP-10 
loollnl 
466.99 

461.00 
!;73.71 

Site R.cferenc~ No. 23W~ 115 
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~-115 
NP'I Luc::t1'$TaSO mA:NA in $M102-C'OIIIait\it\g l,.lp!d N;mopartkkt$; In VrVO Mammalian aon& MarlOW Ery1t1roeyte M1cr'Qf!Uei9\ISAS"Wy In tl'le ~at 

lncividual Cytokine Val~ 

GtO<JP7 

IL·f""tl IL-<i 

=~ 
TNF-all'ha 

Day[s) Rei.W. to Start Dale Coalml CoolmL COCI/mL 

37~1 
1(6HPO) 137.17 4418..06 1703.16 66.07 

379 1(6HP0) 106.79 3049.79 170316 31.30 

380 1 (61"iPO) 177.40 <m.OO 1703.16 56.49 
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MIP·falpha 
lcc>mll 
43.31 
34.41 
48.01 

IP-10 
loolml i 
380.88 
597.76 
604.19 
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2',00-11$ 
t.JPI Lueiferase mP.:NA in $M102-Coolainitlg LIPk:t N'allQpattJ::IK: In ViJJO M:ammaii;an Bot'N) M~trow Erytt~roeyto 1fil;rQt~ud<!'U:s A~y In tt1o R.:at 

38~~ 1 {6HPD) 
382 1 (6HPD) 
3a3 1 (SHPD) 

1L·1l:<lta 
[,.,.,~ 

67 .. 83 
301.33 
91.18 

IL-<i 
(O<lfml. 
1904.21 
1482.13 
71 $.18 

Testil1:g Facility S!udyNo. AFS1FU.l2SO!:lNG!.l'lCH.BTt. 

ln<ivil!lJal Cytoklne Val...., 

f,ICP-1 
())q/ml. T~~'ri" 

148.23 
53. 16 
111,19 

BioReliance Study No. AF87FU.l25012NGLPICH.BTL 76 

MIP·1a1Ptta 
(""'"'ll 
105.64 
53.n 
9MB 

IP·10 
loolmLl 
2741.31 

3082.60 
1046.71 

Site Reference No. 230&~115 
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2303-115 
Nf)l L.l:~o&rase mA:NA In SM102-COI11aining L.!pict Ni.nopa tU;Ies: Ill Vivo Mam·marian BoM MarroN Ery~t~roeyte Uicronue!eusAssay In U1e Rat 

lnci'Mttal Cytokine Value3 
Sex: Male 

GJOIJP 9 

IL-1t<>ta r!!Ll ~CP- 1 TNF-al(:lla 
O.y(s) Relai>"' io StM Oall> (OOiml) fi>QilnL CD<:Inlc 

38~ 1(6HPO) 103.79 6870.35 2519-46 46.29 

385 1 (SHPO) 108.7!1 7444.94 :<943-Zl 44.52 
386 1 (SHF'O) 112..82 (l!i$3;!7 4S9e.73 49.76 

Testi."l!l Facility Study No. AF87Ft1.12S012l'GLPICH.BTL 
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r.o:=c:-a 
~0. 95 

50.95 
97.00 

IP-10 
loolln Ll 
2384.39 
1348.17 
7501,1_40 

Si1< IM<r<nc.:No. 2308-115 
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ZW!l-115 
NPI Loc.1orase mRNA in SM102-COtllaining Lipid N3"opa<U;Ie<: In VIVO Mammalian Bone Marrq,v Ef\'11lroeyte Micron"~eosAmy ~ 1110 Rat 

Gmup6 

IL-1tota r~!Ll MCP-1 
Day(s) R•laive i<> Sla~ Oote !O<!IOll 1!>0/mL 

33:1 
1(6HPO) 8BS6 <293.00 877.68 

338 1(6HPO) tlS.$7 <29:!.00 101!3.03 
3$9 1(SHP0) 131.00 2$02-49 1315.82 

Testing Facility Study No. AF87FlJ.125012KOLPlCH.Brt. 
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r~:;;,"r,• MJP-1alpha 
illOilnll 

18.14 39.115 
51.47 ~8.Q1 

13.70 56.43 

78 

IP-10 
!IJOilnll 
429.04 
423.47 
3$3.67 
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2"..0S-t15 
NPI Lueifo&l'a$e m~NA In SM102:-COI11airling lipid Nanopartt:IH: In Vivo Mammalian Bona Marrow Ery!J'Iroeyte Mk:rQtii,IQe\.lsA~y In !Jle Ra.t 

lrdvidual Cytcklne ValutS 

Grot.1>7 

Day(o) R'IOii"" \Q SlM Oate 'r~~ r~!ll ~~~ T~~'ti" 

39;1 

1(6HPO) 137.17 1482.t3 1260.88 69.73 
391 1 (SHFC) 124.95 3049.79 1053.03 40.90 
392 1 (6HP0) 227.$6 3049.79 1613.37 93.79 

itsti."ll Facility Study No. AF87FU.l25012NGLPJCH.BTL 
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Ml=r:'" 
44.92 
49.49 
71.18 

~~~ 
541.82 

553.13 
908.2$ 
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:z"..OS-115 
NF'JI..tJ~>tr~~ m~NA in $M10:2:-C9t!l~i.rliflgl..lpfd N941QF)artJ:::Ie'i: In ViVo Mammallal"' SO® M:arlQH EryttlrQ(;:"JUU M~fQfll.l.;\iK.I$A$$;1y In 1:11e R.9t 

ln<ilid'ttal Cytckfne Values 

Gtoupa 

Oay(•) R<I.W"" to St.~ Oate 'c~~ (~!L) (~~;~) r~:;,t;:;• 

39:1 
1(6HFO) 189.93 5059.47 1315.!2 49.76 

3$4 I(SHFO) 321.37 4088.00 1566.94 00. 11 
395 I(SHFO) 14~-U 141!2.13 12a0.e$ 40.!10 
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2"...05-115 
NP!lu<:ll~ra;o mRNA in SM102·Co>nlaill"'g Llp;d Nanopa!U:k>s: In ViVO Mammal;on 6olll> Mar- ery111roq1e Mk:<1lnl,iQOUOAS<ay In file Rat 

ln<i"tid\Jal CytoldneValues 
S..:Female 

Group 9 

oay(s) Relati•"' io Sta~ oa~e \~~ (~!LJ ~:;;~) ~=· 
39!1 

1 (GHI'O) 112.94 37sa.sa 3792.31 46.29 

397 1(6HFQ) 131-05 2302.49 2487.05 27. 17 

39S • (eHF'OJ 140~ 441M6 S001 .63 7&.1' 

Testing Pocility Study No. AFS7'FU.l2S012NGLJ'ICH.BTL 
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M:;:r:-a 
152.26 
132.97 
9:1,(10 

(~~ Li 
14963.69 

9325.88 
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16. APPENDIX V: Summary of Analysis 
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