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Item 7.01 Regulation FD Disclosure.

Tonix Pharmaceuticals Holding Corp (the “Company”) updated its investor presentations, which are used to conduct meetings with investors, stockholders and analysts and at
investor and industry conferences, and which the Company intends to place on its website, which may contain nonpublic information. Copies of the presentation are filed as
Exhibits 99.01, 99.02 and 99.03 hereto and incorporated herein by reference.

The information in this Item 7.01 of this Current Report on Form 8-K, including Exhibits 99.01, 99.02 and 99.03 attached hereto, shall not be deemed “filed” for purposes of
Section 18 of the United States Securities Exchange Act of 1934 (the “Exchange Act”) or otherwise subject to the liabilities of that section, nor shall they be deemed
incorporated by reference in any filing under the United States Securities Act of 1933 or the Exchange Act, except as shall be expressly set forth by specific reference in such a
filing.

Item 9.01 Financial Statements and Exhibits.

(d) ExhibiT No. Description.
99.01 Corporate Presentation by the Company for August 2020
99.02 Corporate Presentation by the Company for August 2020 (condensed version)

99.03 Corporate Presentation by the Company for August 2020 (vaccine tutorial)




SIGNATURE

Pursuant to the requirement of the Securities Exchange Act of 1934, the registrant has duly caused this report to be signed on its behalf by the undersigned thereunto
duly authorized.

TONIX PHARMACEUTICALS HOLDING CORP.

Date: August 17,2020 By: /s/ Bradley Saenger

Bradley Saenger
Chief Financial Officer
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Cautionary Note on Forward-Looking
Statements

Certain statements in this presentation regarding strategic plans, expectations and objectives for future
operations or results are "forward-looking statements” as defined by the Private Securities Litigation Reform
Act of 1995, These statements may be identified by the use of forward-looking words such as “anticipate,”
"believe,” “forecast,” "estimate” and “intend,” amaong others. These forward-looking statements are based on
Tonix's current expectations and actual results could differ materially. There are a number of factors that
could cause actual events to differ materially from those indicated by such forward-looking statements, These
factors include, but are not limited to, risks related to failure to obtain U.S. Food and Drug Administration
clearances or approvals and noncompliance with its regulations; our need for additional financing; delays and
uncertainties caused by the global COVID-19 pandemic; substantial competition; uncertainties of patent
protection and litigation; uncertainties of government or third party payor reimbursement; limited research
and development efforts and dependence upon third parties. As with any pharmaceutical under development,
there are significant risks in the development, regulatory approval and commercialization of new products.
The forward-looking statements in this presentation are made as of the date of this presentation, even if
subsequently made available by Tonix on its website or otherwise. Tonix does not undertake an obligation to
update or revise any forward-looking statement, except as required by law. Investors should read the risk
factors set forth in the Annual Report on Form 10-K for the year ended December 31, 2019, as filed with the
Securities and Exchange Commission (the “"SEC™) on March 24, 2020, and periodic reports and current reports
filed with the SEC on or after the date thereof. All of Tonix's forward-looking statements are expressly
gualified by all such risk factors and other cautionary statements.




l Tonix Pharmaceuticals /
3

Developing novel therapies for humanity

+ A clinical-stage biopharmaceutical company committed to
discovering and developing innovative and proprietary new
therapeutics that address the needs of patients

+ We focus on developing small molecules and biologics:

+ CNS (pain, neurology, psychiatry, addiction)

+ Immunology (vaccines, immunosuppression, oncology,
autoimmune disease)

£ 2020 Tonix Pharmaceuticats Holding Corp




(1) Our Pipeline — CNS Portfolio

STATUS

CANDIDATES | INDICATION

Fibromyalgia (FM) - Lead Program Phase 3 - ongoing
THX-102 SLL PTSD Phase 3 - ongoing
Agitation in Alzheimer's Phase 2 ready
Alcohol Use Disorder Phase 2 ready
CNS THX=-13002 Cocaine Intoxication / Overdose Phase 2
Portfolio Major depression Phase 1
TNX-601 CR?* PFTSD Phase 1
Meuroccognitive Dysfunction from Corticosteroids Phase 1
THX-16007 Depression, PTSD and ADHD Preclinical
THX-1900% | Migraine and craniofacial pain Clinical - pre-IND®

'THX-102 5L (cyclobenzaprine HCD sublingual tabiets) is an investigational new drug and has nat been approved far amy indication.

TME-1300 (T172R/G 1730 double-mutant cocaine esterase 200 myg, i.v. solution} s an investigational new bislagic and has not been approved for any indication; licensed fram
Columbia University.,

TTMH-601 CA i5 in the pre-IND stage in the U5, 2 Phase 1 tral for formulation development was recantly completed outside of the U.S,

Assets purchased from TRImaran Pharma; Boense agreement with Wayne State University

Shssats purchased fram Trigeming; license agreamant with Stanfard University

“Two @x-lL5, Phase 2 trials hove been completad using THE- 1900

2020 Tonix Pharmaceuticals Holding Corp,




(1) Our Pipeline - Immunology Portfolio

CANDIDATES | INDICATION
TNX-1800

STATUS

Preclinical

Covid-19 vaccine - Prioritized Program?

TNX-2300 | Covid-19 vaccine? Preclinical

Immunology THX-B01 ‘ Smallpox and monkeypox preventing vaccine? Preclinical
Portfolio THNX-1200 Smallpox and monkeypex preventing vaccine® Preclinical
ThX-1500 Organ Transplant Rejection/Autoimmune Conditionss Preclinical

THNX-1700 ‘ Gastric and pancreatic cancers® Preclinical

ILiwe attenuated vaccine based on horsepox virus vector

“Live attenueted vaccing based on boving parainfUenza vinis vectar; option for license with Kansas State University
ILive attenupted vaccine based on korsepax virus

Aliwe waccine Based an vaccinia winis

Sgati-COA0L humanized manoclongl antibody

“Srecombinant trefod factor 2 (TRF2) based protein; Boensad from Calumbia Universicy




TNX-1800%, a SARS-CoV-2 Vaccine Candidaty

6

Utilizes Tonix's proprietary horsepox virus as a vector
» Designed to express a protein from SARS-CoV-2, the cause of COVID-19
+ Collaboration with Southern Research

+ Manufacturing agreement with FUJIFILM Diosynth
+ Development for Good Manufacturing Practice (GMP) manufacturing for
human trials
+ Key Milestones:

« Results from small animals and non-human primate studies, including
challenge with SARS-CoV-2, due 4Q 2020

» Phase 1 safety study in humans expected to be initiated in 2021




(l) COVID-19 Vaccine Landscape /

+ We expect more than one vaccine will be approved by FDA
+ Different vaccines for different individuals

« More than 150 vaccines in development

« Diversity of approaches is important since protective immunity is not yet
understood

+ Technologies range from never tested before to 220 vears old
+ Uncertainty exists around efficacy, durability and importantly, safety

+ Live attenuated vector systems in development include:

» Tonix (horsepox), Tonix (bovine parainfluenza), Merck (measlesi- and VSV2-
based), Zydus Cadila {measles-based)

IMeasles-basad vaccing, acquisition of Themis, collaboration with Institute Pasteur
VSV = vesicular stomatitis virus; collaboration with IAVI = International AIDS Vaccine Initiative




(1) Unique Challenges of SARS-CoV-2

SARS
Rate of infectivity?
0.4
Incubation time?
2-7 days
Asymptomatic?
~13%
Rate of death?:?
~10%
Deaths?
744

] El(ﬂltl H. l.| Al Ev Mt Mad il S0 2000:38: 25812083,
Eabaan ol L dnfezign in Medoins, SER0 3BT L74-154,
5 W e mmﬁ.fil sy hﬁnlwgm‘ 11421144,

SARS-CoV-2 is more infectious,
has a longer Incubation time,
and presents asymptomatically
in more individuals, making it
highly spreadable!

The death rate for COVID-19 is
significantly lower compared to
SARS.1L24 However, due to its
virulence, SARS-CoV-2 has
resulted in far more deaths®

4, Cermers for Disease Contral and Pressention, Accessed Jone 9 2000, hotpefitaw. l::!cpﬂ TN ML 0 19 Roe Mg B LG -2 ena s, il
Heml

5. Jahra Hophd s Univerwby. Accessed Jona 11, 2020, blps: feoransina. fu sdu) mes

£ 2020 Tonix Pharmaceuticals Holding Corp.

SARS-CoV-2
Rate of infectivityl*
~2.5
Incubation time?
7-14 days
Asymptomatic?
~35%

Rate of death!*
~0.4%
Deaths (as of July 2020)7
=>500,000




(1) Why Use a Horsepox Platform for a Vaccine?

Horsepox can be engineered to express foreign genes

« Lack of persistence or genomic integration in the host
+ Strong immunogenicity as a vaccine

+ Readily manufacture at scale

+ Live, attenuated vaccine - direct antigen presentation

Potential advantages of horsepox over vaccinia

+ Maintains strong immunogenicity with potentially improved tolerability

- Relative to non-replicating vaccinia, horsepox’s replication in human cells
provides direct antigen presentation, which is expected to trigger a T cell
immune response, by Class 1 Major Histocompatibility Complex (MHC) Antigens

+ Horsepox may behave differently than vaccinia as a vector, in part because of
its different repertoire of genes that modulate immune responses and host
range

£ 2020 Tonix Pharmaceuticals Holding Corp.




o TNX-1800 is Based on a Horsepox Virus (HPXV)
Vector Designed to Express SARS-CoV-2 S Prote%
1

g
Horsepox HPXV-Gene A HPXV-Gene B HPXV-Gene C
sHPXV Expanded View ~4,000 Bp
~200,000 Bp
( Homologous Recombination w
Expanded View ~4,000 Bp

HPFXV-Gene A HPXW-Gene C

Viral Promoter

TNX-1800%*
rHPXV/SARS-CoV-2S

*THE-1800 Is at the pre-IRG stage of develkogmant
& 2020 Tonix Pharmaceuticals Holding Corp,




d) TNX-1800 is Designed to Induce Robust T,1

Cellular Immunity

Scarlficatien with live replicating
orthopoxviruses evakes innate and
adaptive immunity, including T,,1
and strong COE T cell responses!?

[ractive

A1
.

L Memary
LOF T eel!

11

DA;EMZ):E41-250,

1224126

r Disease Control and Provention. Accessed Apl 15, 2020,
il CA, g DeLails, ap A pid = 3274

& 2020 Tonix Pharmaceuticals Holding Corp,

cation, indicating successiul wace

matian?.?




12

(l) Contrasting T cell and Antibody Immunity/

+ T cell immunity
s Durable or long-lived (many years)
« Recognize fragments of pathogens on the surfaces of infected cells
+ Cannot recognize pathogens directly
= Potential to clear viral infections (by killing infected cells)
« Potential to block forward transmission (contagion) by infected people

+ Antibody immunity
+ Temporary or short-lived (typically 3-6 months)
« Recognize pathogens directly
+ Potential to block viral entry (by recognizing pathogens)
= Can only recognize virally infected cells that express viral surface proteins




(1) TNX-1800 Development Status /
13

Southern Research will address two key questions:

'-/l Will vaccination of animals elicit an immune response to the S protein?

« 4th Quarter 2020 -Small animal response expected!

|® Will immune response protect non-human primates against a challenge
: " with SARS-CoV-2 virus?

+ 4th Quarter 2020 - Primate testing results expected!
Manufacturing development for GMP virus initiated

+ Clinical development will require manufacturing for clinical supplies

mot pradict whether the giobal COVID-19 pandemic will impact the timing of thase milestones

0 Tonix Pharmaceuticals Holding Corp.




TNX-23001, a 2nd SARS-CoV-2 Vaccine

Candidate /

Collaboration with Kansas State University to develop a vaccine
candidate for the prevention of COVID-19

+ Utilizes a novel live attenuated vaccine vector platform and the CD40-ligand to
stimulate T cell immunity

Live attenuated vaccine based on bovine parainfluenza virusi-s

+ Previously has been shown to be an effective antigen delivery vector in humans,
notably well tolerated in infants and children

+ Vector is well suited for mucosal immunization using a nasal atomizer, but it can
also be delivered parenterally

tHalle, A4 et ol T Gen Vimlogy (20037 84:2153-2162
Halle, A8 et ol T Wirckogy (2000} 74 (24): 11626-11635
TKarron RA o ol FInf Dis (19957 171: 1107-14

SKarrnn AA o ol WVacoine [2012) 30: 3575 3981
SSchmidt AC et al. T Wirclagy (2001) 75(10): 4594-4603




1‘7{". Live, Attenuated Virus Vaccines for Other
-/ Infectious Diseases! /

» Long term, durable immunity

« Expected to stimulate T cells and provide years to decades of
protection

« Single administration, scalable manufacturing

+ Low dose is amplified by replication, mRNA and protein synthesis at
vaccination site

» Block forward transmission (infectivity)

+ Key to conferring herd immunity and protecting
immunocompromised

iFor example, the eradication of smallpox, containment of measles, mumps, and rubella




1 Overview of TNX-102 SL*

P

Protectic® proprietary formulation of cyclobenzaprine that
supports sublingual administration

¢ Scientific Rationale for Protectic® Formulation ¢

» Engenders unique pharmacokinetic and pharmacodynamic
properties that emphasize sleep properties of cyclobenzaprine
while minimizing undesirable properties

« Potential therapeutic value in a constellation of disorders where
sleep disturbances are:
« Co-morbid
« Involved in the onset, progression and severity of the disease

*TH¥-102 5L 15 In clinkcal stage of development and not appraved for any Indication




TNX-102 SL:
Differentiation from Oral Formulations /

FEATURE BENEFIT ADVANTAGE
Cyclobenzaprine 40+ years as oral medication Established safety record

Formulation: o o . . ;
Protectic® Allows submucosal absorption Mot achievable with oral formulation

Administration: . Avoids first-pass metabolism; reduced
sublingual RS formation of “activating” metabolite

Pharmacokinetic Rapid absorption (peak at ~4 hours,
profile low trough levels 8-24 hours)

Desired profile for nighttime action

Dose: low Recruitment of high affinity Complimentary trimodal mechanism of action
(2.8 to 5.6 mg) receptors (5-HT.., a;, Hy) with less risk of off-target interference

£ 2020 Tonix Pharmaccuticals Holding Corp,




O

TNX-102 SL: Results from Completed
Fibromyalgia (FM) Trials

Completed Trials in FM:
+ Phase 2 (F202 BESTFIT) - 205 patients randomized
+ Phase 3 (F301 AFFIRM} - 519 patients randomized

Topline Efficacy Results:
+ Studies did not achieve statistical significance in the
primary efficacy endpoint

More In-Depth Results:
« Both studies showed efficacy signals justifying continued
development in FM

Safety:
= Well tolerated; side effects consistent with known side
effects of cyclobenzaprine

T




o

Primary
Endpoint:

Pain Relief at
Week 12

sMI=rmultiple imputation; JTC = fjump Lo contrel; MMRM = Multiple m
o

Pre-specified pain
endpoint

Fost hoc analysis

TNX-102 SL 2.8 mg:
Efficacy Signal in Completed FM Trials

Phase 2b F202 (BESTFIT)
Dose: 2.8 mg

Change in daily pain score
(AMCOMA with JTC/MI*)

Trend: p=0.172

Responder analysis =30% pain reduction

Phase 3 F301 (AFFIRM)

Dose: 2.8 mg

Responder analysls =30% pain reduction
{Logistic regression

Trend: p=0.095

« Imbalance in missing data and individoals
with missing data treated as ‘non-responder’

(Logistic Regression) + Current FOA statistical guidance on handling
p=0.033 missing data: anakysis with MMRM with MI*
Patient Global Impression FEE
of Change (PGIC) p=0.025! DL
Fibromyalgla Impact
Questionnaire-Revised p=0.015 (ANCOVA) P<0.001
[FIQ-R) total scare
PRDMISi:;t::rEfm[;iiEurhante p=D>0l}4 HNCOV\&) P<0.001
FIQ-R Pain Item p=0.004 P<0.001
easures repested madels

|
2020 Tonix Pharmaceuticals Holding Corp,




O

Results from F301 (AFFIRM) Using Current FDA
Statistical Guidance on Handling of Missing Data

» A retrospective analysis conducted using Mean Pain Analysis, MMRM with MI*

demonstrated a significant effect on pain, even though the dose was 2.8 mg

LS Mean Difference [SE)

in MRS Pain Score

0.0
-0.2
-0.4
-D.&
-0.8
1.0

-1.2

-1.8

-1.8

Change in Pain Scores Over 12 Weeks: MMRM with MI

—a—Flacoba (M=257] —a—THNK-102 5L 2.8 my (M=262]

I Y A
——— .

1 | ~—a

* * o

=%

1 2 3 4 5 -] 7 8 a 10 11 12

A5 will be the case for the
RELIEF F304 primary analysis,
all digcontinuations dué to
Adverse Event and Lack of
Efficacy are imputed using MI
based on baseling values; all
other dizcentinuations assumed
to Be Missing at Random and
are imputed with MT using
weekly data of subjacts,

*p<.0S; *rpe0l

20




(1) Where Are We on the Dose-Response Curvy

21

Dose-Response

Inconsistant
response

No clear
response

Basic Pharmacology

« Dose can make the
difference in the
strength of the response

Consistent but
trade-offs*
(AEs)

Consistent
response

Dosage

Response




(1) Dose Response from Phase 2 PTSD Studv*/

22
Consistent Dose-response ity JArSs
- Fima ezp ltem
Across Primary and Key ) i o
Secondary Endpoints at g .. ”
Week 12 Y 5 ; £
= B -(nd §
+ Clinician Administered PTSD [ Bl s £
o = . =]
Scale for DSM-5 (CAP-5) ‘;
2 -0.8
; =15 1
o
* Phase Z study (AtEase), a randomized, placebo-controlled H
study of 231 patients with FTSD at 25 U.S._ clinical sites, 5 1.2
receiving a sublingual dose of either 2.8 mg THX-102 SL (n=90) -2 p=0.26
or 5.6 mg THX-102 SL (n=4%) compared to placeba (n=92) p= 0.053 14 =
-25 =16
7 Placebo P 2.8 mg 5.6 mg * P<(.05

£ 2020 Tonix Pharmaceuticals Holding Corp.




(1) Dose Response from Phase 2 PTSD Study /

23

Consistent Dose-response sos sos
Across Primary and Key WorkSchao Social/Leisure

L] o
Secondary Endpoints at e
Week 12 e .
- Sheehan Disability Score (SDS) * 15

} *

7 Placebo P 2.8 mg 5.6 mg * P<(.05

Improvemant
Improvement

Change from Baseline

£ 2020 Tonix Pharmaceuticals Holding Corp.




(1) Dose Response from Phase 2 PTSD Study /

24
Across Primary and Key RO i mpraemest
Secondary Endpoints at ' * Lol "
Week 12 il | 285 - %
— 5
+ Clinical Global Impression- 3 28t 5
Improvement (CGI-I) & aom - | =
a 27 F
+ Patients’ Global Impression of E o | 5 Ez.ﬁs . *
Change (PGIC) g ooom | E = g6
& g 2.55 -
1% - g
S 25
H] 245

I Placebo P 2.8 mg 5.6mg  * P<0.05

£ 2020 Tonix Pharmaceuticals Holding Corp.




O

Effect of Dose on Adverse Events (AEs) in the
P201/AtEase and P301/HONOR PTSD Studies

25
Dose-related AEs:
= AE profiles are comparable between FM and PTSD studies at 2.8 mg
» No serious and unexpected AEs in FTSD at either 2.8 or 5.6 mg doses
» Mo unique systemic AEs observed for 5.6 mg dose (but generally, a modest increase in frequency)
» Severity and incidence of oral hypoesthesia (oral numbness) are not dose related
U P 1
Somnclence 6.4% 11.8% 16.0% 9.0% 15.7% (f;;;f advers events
Systemic Dy Mouth 10.6% 4.3% 16.0% %;_l’t.:;cquzgi%:sn any
Adverse Event Headache 4,3% 5.4% 12.0%
s tnsamnia .55 7.5% B.0% e s I T for
Sedation 1.1% 2.2% 12.0% o e e
Hypoassthesia aral 2.1% 38.7% 36.0% 1.5% 37.3% rate of < 3%
Paresthesia oral 3.2% 16.1% 4.0% 0.7% 9.7%
Glassodynia 1.1% 3.2% 6.0%
Product Taste Abnarmal 3.0% 11.9%

£ 2020 Tonix Pharmaceuticals Holding Corp.




1 TNX-102 SL 5.6 mg for Fibromyalgia:
0 Phase 3 F304/RELIEF Study Design

26
General study characteristics: Primary endpoint (Week 14):
Daily diary pain severity score change (THX-102 5L 5.6 mg vs. placeba) from
+  Randomized, double-blind, placebo-controlled study in baseling in the weekly average as measured by the numerical rating scale
fibromyalgia in approximately 40 U.S. sites (N=470) (MRS}, using mixed model repeated rmeasures analysis with multiple
+  Adaptive Design: one unblinded interim analysis based imputation (MMRM with ML)
an 50% of randomized participants Key Secondary endpoints (Week 14) include:

Patlent Global Impressicn of Change (PGIC): Proportion of patients with a
rating af “very much improved” or “much improved*
TNX-102 SL OME'GB"V at bedtime = Fibramyalgia Impact Questionnaire - Revised {FIQR): Symptoms Domain

5.6 mg (2 x 2.8 mg tablats)! N=

Interim analysis results expected September 2020
Topline results expected 4Q 2020

Potential pivotal efficacy study to support NDA
approval

Placebo once-daily at bedtime

b—— 14 weeks |

Two week run in at 2.2 mg dose ot bedbime, followed by 12 weeks at 5.6 mg dose
=PROMIS = Patient Reported Outcome Measurement Information System
£ 2020 Tonix Pharmaceuticals Holding Corp,




) TNX-102 SL 5.6 mg for Fibromyalgia:
" Phase 3 F304/RELIEF Study Status /

+ Key changes to protocol from previous Phase 3 trial in FM

= Exclusive use of higher dose of 5.6 mg (2 x 2.8 mg)
= Primary endpoint: mean pain improvement
= Analysis: MMRM with MI

» Clear guidance from FDA to advance fibromyalgia program using higher
dose (5.6 mg)

» Long-term safety of 5.6 mg dose from PTSD studies expected to support
FM NDA

« Study is progressing on schedule

First participant enrolled in the new Phase 3 RELIEF study in December 2019

Completed enrollment in July 2020

Interim analysis results expected September 2020; topline results expected 4Q 2020 if no delays
Potential pivotal efficacy study to support NDA approval

£ 2020 Tonix Pharmaceuticals Holding Corp,




TNX-102 SL 5.6 mg for Fibromyalgia :
" New Phase 3 F306/Rally Study A

+ Plan to initiate a 2"d potentially pivotal Phase 3 trial, F306 or the RALLY
study, of TNX-102 SL for the management of fibromyalgia

+ Expect the FDA to require two registration-quality clinical studies to
support marketing approval

» RALLY trial design will be very similar to F304 / RELIEF study

+ Exclusive use of higher dose of 5.6 mg (2 x 2.8 mag)
+ Primary endpoint: mean pain improvernant
« Analysis: MMRM with MI

« Expect to enroll first participant in 3Q 2020

£ 2020 Tonix Pharmaceuticals Holding Corp,




(1) Highlights of Lead Programs!

29

» TNX-102 SL for fibromyalgia (FM)

+ Phase 3 clinical development - RELIEF study fully enrolled
+ Sublingual cyclobenzaprine tablets at higher dose of 5.6 mg
+ Milestones:

« 3 Quarter 2020 - Enrollment in new Phase 3 Rally study expected to begin®
« September 2020 - Interim analysis results expected from RELIEF study?
« 4t Quarter 2020 - Topline data expected from RELIEF study®

« TNX-1800 potential vaccine for COVID-192

« Preclinical stage
+ Live virus vaccine designed on our horsepox vaccine platform® to express the SARS-CoV-2 Spike (S) protein
« Milestones:

» 4™ Quarter 2020 -Small animal response results expected?
+ 4 Quarter 2020 - Primate testing results expected*
= 2021 - Initiation of Phase 1 human safety study expected*

! Expenmental new medidnes and biclogics, not approved for any indication

#Colaberation with Smsharn Research

T TH%-801 is unmedified horsepes wirus, which = in development as & vaccine to protect against smalipos and monkeyoox
4 Wae cannot pradict whiether the glodal COVID- 19 pardamic will impact the timing of these milastanes

£ 2020 Tonix Pharmaceuticals Holding Corp,




(l) Opportunities to Expand TNX-102 SL to Other

Indications
30

Role of sleep disturbance more established in common psychiatric and neurological fpain
disorders
+ Recognized as a core symptom of many of these disorders
+ Traditional sleep medications, which increase sleep quantity, may not provide benefit (benzodiazepines in

major depression) or are contraindicated
r’fPsvl:hiatril: Disorders ™ ,-'/Psychiatric Symptoms of e Chronic Pain States ™

- Stress Disorders (PTSD) Neurological Disorders +  Chronic wide-spread pain

. Mood Disarders (Depression) « Agitation in Alzheimer's (fibromyalgia)

. Anxiety Disorders + Psychosis in Parkinson’s, + Osteoarthritis

Alzheimer's and other dementias

+  Addiction (Alcohol Use

" Disorder) J -\_ O .

Growing recognition that there are many disorders where sleep disturbances
may have a role in the pathophysiolegy (cardiovascular, metabolic, neurologic)

+ Sleep quality plays a homeostatic role in several disorders




(l) TNX-102 SL: Potential Treatment for
Agitation in Alzheimer’s Disease (AAD) /

Agitation is one of the most distressing and debilitating of the behavioral
complications of Alzheimer’s disease

+ Includes emotional lability, restlessness, irritability and aggression!
Link between disturbed sleep and agitation in Alzheimer’si-3

= Agitation is commonly diurnal (e.g., "sundowning”)
Prevalence

+ Agitation is likely to affect more than half of the 5.3 million Americans who currently
suffer from moderate to severe Alzheimer's disease; expected to nearly triple by 20504

Significant unmet need with no FDA approved drugs for the treatment of AAD

Proposed Phase 2 study can potentially serve as a pivotal efficacy study to support
NDA approval®

uzea, K.t al, {200E). Amascan fouroa of AkNekirs Qbedse & Other Drowetias, STR7E
AEhih, ¥. W, et 2, {3001TL focmal of Bhe Amentan Medical Divechers dssocislion, T8, 790

"Camavell, M., ot al. (200E). Frantiers b sedicane, 3.

“The hilzhemar's Associstion, 2017 Mzhelmess Cisense Facts and Fiures: hipe-/taa oz onts
TFDA comments o final protece] received Doeber 2018 120 Tomix




TNX-102 SL: Potential Treatment for Alcohol

Use Disorder (AUD) /

AUD is a chronic relapsing brain disease

+ Characterized by compulsive alcohol use, loss of control over alcohol intake, and a negative emotional state
when not using

Sleep disturbance is extremely common in alcohol recovery?

+ Significantly impacts daytime cognition, mood, and ability to participate in alcohol treatment, and is
associated with increased risk of relapse

Prevalence

= An estimated 36 million adults in the U.5. have AUD?
Three FDA-approved medications

« Remains an unmet need due to compliance and safety issues

FDA cleared Tonix’s IND application for initiation of a Phase 2 proof-of-concept study
+ Program expected to qualify for 505(b)(2) pathway for FDA approval

Varmedt et al, ] Addict Dis. 2007 ; 26041 41-54
“Grant et al, JMA Pepchiatry 2005; T2(E): T57-TES; v, COrEUs QoY




TNX-1300% for the Treatment of Cocaine

Intoxication
33

Recombinant protein that degrades cocaine in the bloodstream?
» Double-mutant cocaine esterase {CocE)
» CocE was identified in a bacterium (Rhodococcus) that use cocaine as its sole source of
carbon and nitrogen and that grow in soil surrounding coca plants?
» CocE catalyzes the breakdown of cocaine into metabolites ecgonine methyl ester and benzoic
acid
Phase 2 study completed by Rickett Benckiser (TNX-1300 was formerly REP-8000)3
+ Volunteer cocaine abusers received cocaine 50 mg Lv. infusion over 10 minutes
+ TNX-1300 given one minute after completion of cocaine infusion
- Rapidly reversed the physiclogic effects of cocaine; cocaine plasma exposures dropped by
90% within two minutes
- Well tolerated with the most frequently reported adverse events being gastrointestinal
disorders (including dry mouth, nausea); nervous systems disorders (including headache,
dizziness) and skin and subcutaneous tissue disorders (including hyperhidrosis, dermatitis)

FTNN-1300 [TI72RG1 730 double-mutant cocaing esterase 200 mg, Lv. solution} is an investigational new blslogic and has not been approved for any indication.

! Gad D et al, Mal Pharmacal. 2009, FE(2)318-23,
#Gresher MM et al, Spol Environ Microbiol. 2000, 66{3):904-8. 33
# Masser AF gt al, J Addict Dis, 2014;33(4):269-302,




(1) TNX-1300 (Cocaine Esterase or CocE) Is a Fast-/
34

acting Cocaine Antidote

-
(ve )

Rhodococcus bacteria living in the roots of the coca plant use
CocE to metabolize cocaine!

CocE cleaves chemical bonds in cocaine and disintegrates it 800

Cocaine is derived from the coca plant! times faster than the rate that naturally occurs in the human body?

INarasivnlan D 6L al. Future Med Cherm, 2012, % 2020 Toakx Pharmaceuticals Halding Corp.




1 Psychiatry, Immunology and Oncology
Preclinical Pipeline!?

Pipeline Product

Indication(s)

Category

Triple reuptoke inhibitor”

Daytime treatment for Depression, PTSD and ADHD?

Psychiatry

Antl-CO154 monaclonal antibody

Prevention and treatment of organ transplant rejection
Treatment of autolmmune conditions

Transplant
Autoimmunity

rTFFE

Treatment for gastric and pancreatic cancers

Oncology

* Experimental new medicines and bialogics, not appraved for any indication

25,48 5R}-5-[{(2-aminobenzol d Jthiazol-&-¢limethyl Jamino - 2= (bis{4-fluorophenyl imathy | itetrahydro- 2H-pyran-4-gd] Is an inhibitor of revptake of three menaamine

MEurplransmitters [garalonin, receginaphning and dopaming) - licensed fram Wayne State University

TALHD = attention gefick hyperactity disorder

1 Recombinant Tratoll Family Fachor 2 - licersed from Columbia University

35




(1) Pipeline Summary - by Select Therapeutic

Areas

Pain

L A

+ TNX-102 5L (sublingual
cyclobenzaprine) for
fibromyalgia

Phase 3/RELIEF

= THX=-1900 {intranasal
oxytocin) for craniofacial pain
Clinical - pre-IND stage

Psychiatry

b ~ b

Addiction Medicine

-

Neurclogy

k. d

= TNX-102 SL (sublingual

cyclobenzaprine) for PTSD
Phase 3/RECOVERY

+ THX-102 5L (sublingual

cyclobenzaprine) for
agitation in Alzheimer's
Phase 2 ready
FOA Fast Track
designation

= THNX-601 CR (tianeptine

oxalate) for depression
and PTSD
Phase 2-ready

= TNX-1600 (triple reuptake

inhibitor) for PTSD,
Depression and ADHD
Praclinical

TNX-1300 {cocaine estarase)
for cocaine intoxication
Phase 2
FOA Breakthrough Therapy
designaltion

» TNX-102 SL (sublingual

cyclobenzaprine) for alcohal
use disorder
Phase 2 ready

+ THNX-1900 (intranasal
oxytocin) for migraine
Clinical - pre-IND stage

36




1 Pipeline Summary - by Select Therapeutic
0 Areas (continued)

~ -

‘ Public Health Biodefense

s _
« THNX-1800 {live modified
horsepox vaccine) for
preventing COVID-19

Preclinical

+ TNX-BO1 (live horsepox
wvaccine) for preventing
smallpox and monkeypox

Preclinical

= TNX-2300 (live bovine
parainfluenza vaccine) for
preventing COVID-19
Praclinical

+ TNX-1200 (live vaccinia
wvaccine) for preventing
smallpox and monkeypox

Preclinical

+ TNX-701 (oral
radioprotective agent)
for radioprotection

Preclinical




1 Tonix Financial Overview

NASDAQ: TNXP

Cash and cash equivalents, June 30, 2020

MNet proceeds from common stock offering - July 15, 2020

Warrant exercises subsequent to June 30, 2020

Average Dally Volume (3-month average)

Common Stock outstanding as of August 7th, 2020

& 2020 Tonix Pharmaceuticals

$55.0 million

$9.6 million

$2.4 million

25.6 million

130.3 million

ding Corp.

38




(l) Milestones - Recently Completed and
Upcoming!

39

®"3" Quarter 2020

0 September 2020
O 3 Quarter 2020

O 4 Quarter 2020
O 4th Quarter 2020
0 4th Quarter 2020

J 2021

IND application cleared by FDA for initiation of Phase 2 POC study of TNX-102 5L for AUD

Interim analysis results from TNX-102 SL Phase 3 F304/RELIEF study in fibromyalgia
expected

Enrollment in second potentially pivotal pivotal Phase 3 trial, the RALLY study, for TNX-102
5L for the management of fibromyalgia expected to begin

Topline data from TNX-102 SL Phase 3 F304/RELIEF study in fibromyalgia expected
Small animal data from TNX-1800 in COVID-19 model expected
Primate data from TNX-1800 in COVID-19 model expected

Initiation of Phase 1 safety study of TNX-1800 for COVID-19 expected

UWe cannot pregict whether the global COVID-19 pandernic will impact the timing of these milestones,




(1) Management Team /
40

Seth Lederman, MD

TARGENT™ - g

President & CEQ RS EFusilev:  vela
Gregury Sulli\ran, MD Covumeis Univessire MNew York State
Chief Medical Officer =" Department of Psychiarry  Psychiatric Institute
Bradley Saenger, CPA Shire vr-‘%s-‘x J =
Chief Financial Officer —" pwc
Jessica Morris Doutsche Bark m j American
Chief Operating Officer EETIED  {jlapiia

£ 2020 Tonix Pharmaceuticals Holding Corp.




0 e
TONIX

PHARMACEUTICALS

Thank You!




Tonix Pharmaceuticals Holding Corp. 8-K

Exhibit 99.2
Investor Presentation
NASDAQ:TNXP /
1

TONIX

PHARMACEUTICALS

August 2020

Version P0241 (Doc 0692) 1

£ 2020 Tonix Pharmarccuticals Holding Corp,




Cautionary Note on Forward-Looking
Statements

Certain statements in this presentation regarding strategic plans, expectations and objectives for future
operations or results are "forward-looking statements” as defined by the Private Securities Litigation Reform
Act of 1995, These statements may be identified by the use of forward-looking words such as “anticipate,”
"believe,” “forecast,” "estimate” and “intend,” amaong others. These forward-looking statements are based on
Tonix's current expectations and actual results could differ materially. There are a number of factors that
could cause actual events to differ materially from those indicated by such forward-looking statements, These
factors include, but are not limited to, risks related to failure to obtain U.S. Food and Drug Administration
clearances or approvals and noncompliance with its regulations; our need for additional financing; delays and
uncertainties caused by the global COVID-19 pandemic; substantial competition; uncertainties of patent
protection and litigation; uncertainties of government or third party payor reimbursement; limited research
and development efforts and dependence upon third parties. As with any pharmaceutical under development,
there are significant risks in the development, regulatory approval and commercialization of new products.
The forward-looking statements in this presentation are made as of the date of this presentation, even if
subsequently made available by Tonix on its website or otherwise. Tonix does not undertake an obligation to
update or revise any forward-looking statement, except as required by law. Investors should read the risk
factors set forth in the Annual Report on Form 10-K for the year ended December 31, 2019, as filed with the
Securities and Exchange Commission (the “"SEC™) on March 24, 2020, and periodic reports and current reports
filed with the SEC on or after the date thereof. All of Tonix's forward-looking statements are expressly
gualified by all such risk factors and other cautionary statements.




1 Tonix Financial Overview

NASDAQ: TNXP

Cash and cash equivalents, June 30, 2020

MNet proceeds from common stock offering - July 15, 2020

Warrant exercises subsequent to June 30, 2020

Average Dally Volume (3-month average)

Common Stock outstanding as of August 7th, 2020

& 2020 Tonix Pharmaceuticals

$55.0 million

$9.6 million

$2.4 million

25.6 million

130.3 million

ding Corp.




(1) Tonix Pharmaceuticals: Lead Programs! /

+ TNX-102 SL for fibromyalgia (FM)

= Phase 3 clinical development = RELIEF study enrolling
« Sublingual cyclobenzaprine tablets at higher dose of 5.6 mg
+ Milestones:

+ Sept 2020 - Optional interim analysis results expected®
- 4Q2020 - Topline data expected®

» TNX-1800 potential vaccine for COVID-1923

+ Preclinical stage

+ Live virus vaccine designed elicit predominately T cell response for durable immunity -
horsepox platform* to express the SARS-CoV-2 Spike (S) protein

+ Milestones:

« 4Q2020 - Small animal response expecteds
+ 402020 - Primate testing results expected=

! Expenimental new mediones and biclogics, not approved for 2ay indication
#Collaberation with Smsharm Resaarch
*COVID-185 = Coronavires disease 2019
ATHE-BAL Is nmaifies harsepme vires, which is in develepment a5 3 vacdng o protect against smallpas and monkegpas
St cannal pradict whether the glabal COVID-19 pandemic will imgact the timing of hese milestones
& 2020 Tonix Pharmaceuticals Holding Corp,




(1) Our Pipeline — CNS Portfolio

CANDIDATES

TNX-102 SL!

THNX-1300%

THNX-601 CR*

TNX-1600
TNX-1900

INDICATION
Fibromyalgia (FM) - Lead Program
FTSD
Agitation in Alzheimer’s
Alcohol Use Disorder
Cacaine Intoxication [ Overdose
Major depression
PTSD
Neurocognitive Dysfunction from Corticosteroids
Depression, PTSD and ADHD
Migraine and craniofacial pain

STATUS
Phase 3 - ongoing
Phase 3 - ongoing
Phase 2 ready
Pre-IMD2
Phase 2
Phase 1
Phase 1
Phase 1
Preclinical
Clinical = pre-INDS

ITHX-102 SL {cyclobenzaprine HO) sublingual teblets) is an investigational new drug and has nat been approved Tor any indication.

2Pre-Investigational Mew Drug [IND) meeting sompleted in October 2008 with F2A, Upon receiving FOA clearance of an IND application, it

will be Phase 2 POC ready as it s expected w0 qualify for the S05(b12) pathway for approval,
THX-1300 (T172R{ 51730 double-mutant cocaine esterase 200 myg, iv. salution) is an investigational new bislagic and has not been approved for any indication.

STHE-601 CA &5 in the pre-IND stage in the LS, 2 Phase 1 thal for formulation development was recently completed autside of the U5,
STwo ex-UL5. Phase Z trials have been completad using THX-1900 = o0 Toqie Prarmarcution

s Holding Corp.




(1) Our Pipeline - Immunology Portfolio

STATUS

Preclinical

CANDIDATES | INDICATION
TNX-1800 Covid-19 vaccine — Prioritized Program

THX-801 Smallpox and monkeypox preventing vaccine Preclinical
I“;z:jﬁngll;:'gv THX-1200 Smallpox and monkeypox preventing vaccine Preclinical
ThX=-1500 Organ Transplant RejectionfAuteimmune Conditions Preclinical
THNX-1700 Gastric and pancreatic cancers Preclinical




(l) Fibromyalgia Landscape /

« Neurobiological disorder characterized by chronic widespread pain,
non-restorative sleep, fatigue, diminished cognition?
- Recognized as a bona fide condition relatively recently {(1580s)

+ Affects ~6-12 million adults (>90% women) in the U.S.2

+ FM drugs from Pfizer (Lyrica®) and Lilly (Cymbalta®) were blockbusters with significant
investment in direct-to-consumer advertising

« Despite FDA-approved drugs, FM remains an unmet need
+ Majority of patients do not respond or cannot tolerate therapy due to side effects?
+ Substantial off-label use of narcotic painkillers and prescription sleep aids*
1 Phillips K & Clauw D), Best Pract Res Clin Rheumnatol 2011;25:141; 2 American Chronic Pain Association (www.theacpa.org, 2019);3 Market

resaarch by Frost & Sullivan, commissioned by Tonie , 2011; © Patient Trends: Fibromyalgia®, Dedsion Resources, 2011




(l) Fibromyalgia Program Goals /
8

« TNX-102 SL is a non-opioid, centrally acting analgesic

« Potential to provide a new therapeutic option for the management of
fioromyalgia

+ Treatment objective: restore functionality and quality of life
* Potential to broadly improve symptoms with acceptable tolerability

* Tonix’s proprietary sublingual formulation allows for dosing
convenience (one pill taken daily at bedtime)

* Designed to emphasize sleep properties of TNX-102 SL while decreasing
undesirable day time side effects




d) TNX-102 SL 2.8 mg:
Treatment Activity in Completed FM Trials

Phase 2b F202 (BESTFIT) Phase 3 F301 (AFFIRM)

Dose; 2.8 mg C

Prima

Endp-ull'ﬁt: Change in Mean Pain x v
f:;gkk‘:lziff = 30% Responder Analysis N x
Ke Patient Global Impression of

sggond.w Change (PGIC) w v
Endpoints: Fibramyalgia Irmpact

Questionnaire-Revised (FIQ-R) v v

Global tatal score

improvement or

improvement in PROMIS Sleep Disturbance v/ J
symptoms and instrument
|function FIQ-R Pain Item v v

Safety: well tolerated; side effects consistent with known side effects of cyclobenzaprine

'I(:mpusl:nts apvalue < .05
K reprasents a p value > 05
£ 2020 Tonix Pharmaccuticals Holding Corp,




(1) Where Are We on the Dose-Response Curvy

10

« Dose can make the
difference in the
consistency and Inconsistent
strength of the response e

Dose-Response

» Tonix believes the dose
used in the Phase 2b
and first Phase 3 studies
was potentially too low
leading to inconsistent
responses

Response

Consistent
response

Dosage




@Lvﬁ TNX-102 SL:
“’ On-going Phase 3 Study in FM (F304/RELIEF%

+ Key changes to protocol from previous Phase 3 trial in FM
+ Exclusive use of higher dose of 5.6 mg (2 x 2.8 mqg)

* Primary endpoint: mean pain improvement (vs. responder analysis)
- Potential pivotal efficacy study to support NDA approval

» Long-term safety of 5.6 mg dose from PTSD studies expected to support
FM NDA

» Study is progressing ahead of schedule
+ Achieved 50% enrollment in April 2020

£ 2020 Tonix Pharmaceuticals Holding Corp,




Fibromyalgia Next Steps /
12

« Upcoming milestones (before year end)
« Phase 3 interim analysis results expected September 2020
« Topline Phase 3 results expected 4Q20

- TNX-102 SL is a new, differentiated product candidate
+ Sleep quality mechanism of action

- Established but unsatisfied patient population
« 6-12 M U.S. patients
« Widespread off-label opiate use




(1) Opportunities to Expand to Other Indications

13
' Psychiatric Disorders '\. .f/ Psychiatric Symptoms of -\‘-. e Chronic Pain States ™
+  Stress Disorders (PTSD) Neurological Disorders + Chronic wide-spread pain
. Mood Disorders (Depression) + Agitation in Alzheimer’s (fibromyalgia)
- Anxiety Disorders +« Psychosis in Parkinson's, + Osteoarthritis

Alzheimer's and other dementias
+  Addiction (Alcohol Use ' '

Disorder) g !




(l) COVID-19 Vaccine Landscape /

+ We expect more than one vaccine will be approved by FDA
+ Different vaccines for different individuals

» More than 125 vaccines in development

+ Diversity of approaches is important since protective immunity is not yet
understood

+ Only ~4 live replicating vector systems in development

» Tonix (horsepox), Merck (measles!- and VSv2-based), Zydus Cadila
{measles-based)

Measles-based vaccinge, acquisition of Themis, collaboration with Institube Pasteur
AWEN = vesicular stomatitis virus; collaboration with IAVI = International AIDS Vaccine Initiative




l Where Do We Go From Here? /
15

+ Goal: Effective COVID-19 vaccines
« So we can return to work and school

* Need #1 Quickly available vaccines

« Even if they offer only temporary immunity -- several now in
human trials

* Need #2 Vaccines providing long-term immunity
* Durable immunity for years
+ Blocking of forward transmission
+ Expect longer development and testing timelines




@Lﬁ;\ Live, Replicating Virus Vaccines for Other
-/ Infectious Diseases! /

* Long term, durable immunity
+ Stimulate T cells and provide years to decades of protection

» Single administration, scalable manufacturing

» Low dose is amplified by replication, mRNA and protein synthesis at
vaccination site

« Block forward transmission (infectivity)

» Key to conferring herd immunity and protecting
immunocompromised

'For example, the eradication of smallpox, containment of measles, mumps, and rubella




{gj;;\,. TNX 1800: COVID-19 Vaccine Engineered for
“ Long-term Immunity /

» Based on viral vaccine developed more than 200 years ago
by Edward Jenner for a smallpox vaccine
« Eradicated smallpox
+ T cell eliciting immunity
» Single dose immunity without adjuvants
+ Manufacturable in scale on existing systems
» Glass-sparing packaging owing to small unit dose

+ One of 4 known live replicating virus vaccine vectors
under development for COVID-19
= Tonix, Merck, Zydus Cadila
= Expected to provide Tyl immunity




{ﬁjf{“'. TNX-1800: Development Status for
“ COVID-19 Vaccine /

+ Development collaboration with Southern Research
« Study of human immunity in convalescent volunteers
« Animal testing

+ Manufacturing agreement with FUJIFILM Diosynth

+ Development for Good Manufacturing Practice (GMP) manufacturing for
human trials

+ Key Milestones: Results from animal studies due 4Q20

« Small animals and non-human primate studies, including challenge with
CoV-2




-

@j Expected Near-Term Milestones /
19

a3Q20 TNX-102 SL Phase 3 interim analysis in fibromyalgia
14Q20 TNX-1800 small animal data in COVID-19 model
04Q20 TNX-1800 primate data in COVID-19 model

04Q20 TNX-102 SL Phase 3 top-line data in fibromyalgia

YW cannot pregict whether the giobal COVID-19 pandamic will impact the tming of these milestones,
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Cautionary Note on Forward-Looking
Statements

Certain statements in this presentation regarding strategic plans, expectations and objectives for future
operations or results are "forward-looking statements” as defined by the Private Securities Litigation Reform
Act of 1995, These statements may be identified by the use of forward-looking words such as “anticipate,”
"believe,” “forecast,” "estimate” and “intend,” amaong others. These forward-looking statements are based on
Tonix's current expectations and actual results could differ materially. There are a number of factors that
could cause actual events to differ materially from those indicated by such forward-looking statements, These
factors include, but are not limited to, risks related to failure to obtain U.S. Food and Drug Administration
clearances or approvals and noncompliance with its regulations; our need for additional financing; delays and
uncertainties caused by the global COVID-19 pandemic; substantial competition; uncertainties of patent
protection and litigation; uncertainties of government or third party payor reimbursement; limited research
and development efforts and dependence upon third parties. As with any pharmaceutical under development,
there are significant risks in the development, regulatory approval and commercialization of new products.
The forward-looking statements in this presentation are made as of the date of this presentation, even if
subsequently made available by Tonix on its website or otherwise. Tonix does not undertake an obligation to
update or revise any forward-looking statement, except as required by law. Investors should read the risk
factors set forth in the Annual Report on Form 10-K for the year ended December 31, 2019, as filed with the
Securities and Exchange Commission (the “"SEC™) on March 24, 2020, and periodic reports and current reports
filed with the SEC on or after the date thereof. All of Tonix's forward-looking statements are expressly
gualified by all such risk factors and other cautionary statements.




(1) Seth Lederman, MD

Currently, CEQ of Tonix Pharmaceuticals, Dr. Lederman hegan his career in research in the early days of
the AIDS crisis and studied the entry of HIV into cells at the molecular and cell biological levels, Dr.
Lederman is a co=inventor of the horsepox vaccine vector on which Tonix's current COVID=-19 vaccine,
TMX-1800 is based. Previously, Dr. Lederman served as an Associate Professor at Columbia University
from 1996 until 2017. He joined the faculty of Columbia University's College of Physicians and Surgeons
in 1985, became Assistant Professor of Medicine in 1988, and Associate Professor with tenure in 1996 and
Director of the Laboratory of Molecular Immunology in 1997, From 1988 to 2002, Dr. Lederman directed
basic science research at Columbia in molecular immunelogy, infectious diseases and the development of
therapeutics for autoimmune diseases. Dr. Lederman is author of numerous scientific articles, and
inventor of technologies recognized by a number of issued patents. His fundameantal wark on the CD40-
Ligand (CD154) elucidated the molecular basis of T cell helper function and has led to the development of
therapeutic candidates for autoimmune diseases and argan transplant rejection in collaboration with
Biogen and UCE. In addition to his research, Dr. Lederman served as attending physician in the Edward
Daniels Arthritis and Autoimmunity Clinic on the Medical Service at Columbia Presbyterian Hospital from
1988-1996. Dr Lederman earned an AB from Princeton in Chemistry cum laude in 1979 and an MD from
Columbia University's College of Physicians and Surgeons in 1983, Dr. Lederman trained in internal
medicine and rheumatology at Columbia's Presbyterian Hospital. He was an MIH Physician-Scientist 1985-
15990 at Columbia.




l What Is the Goal of Vaccination?

+ Vaccination instructs the immune system how to respond rapidly
upon reinfection1-3
« A typical infection is a race between the virus and the immune response
* Vaccination gives the body a "head start”

+ Most vaccines against viruses protect against serious illness, not
infection??3
- Different vaccines work in different ways
= How an effective vaccine protects against disease depends on the nature of the virus2.3

+ Blocking forward transmission (spread of infection) is essential
for public health?*

1. Ceriers: o Dismase Soctngl and Prewention, Accessed June 8, BI30, Wi pesriwmns, o, goeiasnoines abeipin kbocktprira . him
2. Piotkin Sh. Voo, 0084731401408,

3, Motkin Sh, Che Vaooine Tromanad, d00; LA 7D 1955-1 065,

& Harct K, ok al. Lacchw, 1016, 34083 |- 269 1- B4,




(l) Immune Memory /

» Recognizes the offending pathogen or toxin
+ T cells recognize fragments of pathogens on the surfaces of infected cells
« Antibodies recognize the pathogens directly

+ Recalls the type of immune response elicited
+ For better: Protective responses are repeated on re-exposure

= For worse: Non-productive responses are repeated (e.g., allergic
responses become established patterns )

* Vaccines are designed to teach the body both recognition
and a protective type of immune response




The Roles of Antibodies and Cellular
Immunity in Vaccines /

+ Antibody immunity
« Recognizes pathogens directly
» Antibodies can prevent infection (in lab experiments) o, of
« Typical clinical test for exposure to a virus ﬁ }.If;‘;;

Anbibodles
+ T cell immunity
Infacted

» Recognizes fragments of pathogens on the surfaces of host cel
infected cells, not pathogens directly

« Kills/destroys vaccine factories (i.e., infected cells)

» Key to limiting disease severity and controlling infection il
once replication has been established.? o8 T el
+ Lab test - NOT a clinical test

1. Plotkin Si. S Vacoina Toomamal, 3010; L T): 12581085,




Scale: T cells are Much Larger than
Antibodies and Viruses

s Magnified in size

Reduced in size

OB T cell

& 2020 Tonix Pharmaceuticals Holding Corp,
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(l) Contrasting T cell and Antibody Immunity/

+ T cell immunity
s Durable or long-lived (many years)
« Recognize fragments of pathogens on the surfaces of infected cells
+ Cannot recognize pathogens directly
+ Potential to clear viral infections (by killing infected cells)
« Potential to block forward transmission (contagion) by infected people

+ Antibody immunity
+ Temporary or short-lived (typically 3-6 months)
« Recognize pathogens directly
+ Potential to block viral entry (by recognizing pathogens)
= Can only recognize virally infected cells that express viral surface proteins




(b Distinct, Non-Overlapping Roles for T cells
and Antibodies in Viral Immunity /

_ Antigens Recognized Effector Functions

Infected cells Viruses Kill infected Block entry

directly cells
T cells + - + =
Antibodies - + - +

Clear infection  Decrease  Block forward Potential T2
tissue spread transmission chronicity

T cells + - + =
Antibodies - + - +

ntracellular pathogens include intracellular bacteria and protozoa
“Extracellular pathogens include worms and toxins £ 2020 Tenix Pharmaceuticals Holding Corp,




(1) Unique Challenges of SARS-CoV-2

SARS
Rate of infectivity?
0.4
Incubation time?
2-7 days
Asymptomatic?
~13%
Rate of death?:?
~10%
Deaths?
744

] El(ﬂltl H. l.| Al Ev Mt Mad il S0 2000:38: 25812083,
Eabaan ol L dnfezign in Medoins, SER0 3BT L74-154,
5 W e mmﬁ.fil sy hﬁnlwgm‘ 11421144,

SARS-CoV-2 is more infectious,
has a longer Incubation time,
and presents asymptomatically
in more individuals, making it
highly spreadable!

The death rate for COVID-19 is
significantly lower compared to
SARS.1L24 However, due to its
virulence, SARS-CoV-2 has
resulted in far more deaths®

4, Cermers for Disease Contral and Pressention, Accessed Jone 9 2000, hotpefitaw. l::!cpﬂ TN ML 0 19 Roe Mg B LG -2 ena s, il
Heml

5. Jahra Hophd s Univerwby. Accessed Jona 11, 2020, blps: feoransina. fu sdu) mes

£ 2020 Tonix Pharmaceuticals Holding Corp.

SARS-CoV-2
Rate of infectivityl*
~2.5
Incubation time?
7-14 days
Asymptomatic?
~35%

Rate of death!*
~0.4%
Deaths (as of July 2020)7
=>500,000




(l) COVID-19: Reason for Optimism? /

+ Most people recover, which suggests:
*» Vaccines can be designed that safely mimic infection
« Herd immunity can be achieved by vaccination

* Vaccine developers can learn from individuals who
recover

« Study their immunity in detail for a blueprint of a successful immune
response

» Potential to block forward transmission (contagion) by infected people

+ Comparison to HIV: protective immunity is unknown
+ No vaccine developed after 35 years




(b Successful Vaccines Recapitulate Optimal
Immune Responses to Infection

+ Successful vaccines recapitulate how
natural immune protection works
+ Exploit elements of protective responses from
sUrvivars
+ The most effective immune response
varies by pathogen
= Must be considered when designing a vaccine!-?

+ Understanding protective immunity is
required for vaccine design and
testing

+ Need to learn what constitutes "healthy” or
“unhealthy” immune responses to SARS-CoV-2

1. Plotkin SA, 2008473401409,
2. Lu W, st . Srhiierl s, 2017 L37:85.02.

Vaccines Recapitulate How Natural
Immune Protection Works
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Humoral UC%_@@ Cellular
Immunity =00 Immunity
(Tu2) I el g (Tul)
i T
n'n.lc:lw,;:-::"'\\

ALy Al mactive

I;Qj coiey cosTer
- EQN s I
I Bl
[=r]
!

o Memory
- s COd T el
C e -}Z Antibadies

Sl ey w— Mamary
A= & ool CO8 T ool

vl




(1) Humoral Immunity May Only Be Protective
Against SARS-CoV for a Limited Duration /

« High levels of virus-specific antibodies SARS-CoV Antibody Levels Over Time2-

are found in recovered SARS patients,
though these decline rapidly!-3

* Virus-specific memory B-cell

Immunity
o

Humaral

responses are undetectable by 6 1060
pa— By 25-4Z months, only about
years after recovery from SARS? w0 50% of patients test positive
ﬁ .'. for SARS-CoV antibpdies?
+ In about 60% of patients, virus- 211 | L
specific memory CD8 T cells remain % f AN
detectable and responsive to SARS- s 11 . .
p £ 0 Limit of detection
- |
CoV antigen for at least 6 years* I
: -:ll 1 2 3 r‘r‘ i 0 EL 40 50 [ 0
Months After Onset of Symptoms
1. Charappeenaver &, o al, 7 Ll BO14;86 191 L034-11044
o2 2020 Tonix Pharmaceuticals Holding Corp,




(1) Over-Active Humoral Immunity May Be
Damaging in SARS-CoV Infection

+ Patients with early, strong humoral
responses against SARS-CoV had
worse outcomes, with disease severity
correlated to T,2 cytokine patterns:-3

» Over-active antibody responses may
effectively clear virus, but can also
worsen disease by*®:

Promoting excessive inflammation in the
lungs that causes tissue damage

Increasing viral infectivity and enabling
p further spread of infection through
antibody-dependent enhancement (ADE)

Fharq L, e al, 7 Mad Wl 200
Lo M, £L 8l EXn el 2006,
L0, e al T Fromgngl, 300
LUk, 6t S Dy
¥ip M5, 2, kL B2,

. Warg 5, ot al. Sochem Biopkys Res Cavoman, 2004458 (2):106- 114,
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Live, Replicating Virus Vaccines for Other
~ Infectious Diseases! /

* Long term, durable immunity
+ Stimulate T cells and provide years to decades of protection

» Single administration, scalable manufacturing

» Low dose is amplified by replication, mRNA and protein synthesis at
vaccination site

« Block forward transmission (infectivity)

» Key to conferring herd immunity and protecting
immunocompromised

'For example, the eradication of smallpox, containment of measles, mumps, and rubella




¢ly Live Replicating Vaccines Induce T Helper 1
“~ (T41) Polarization of Immunity /

Initial exposure to a vaccine or pathogen pushes
immunity towards one of two mutually exclusive
responses!

* T4l is T cell predominant - "cell mediated immunity”
« Effective against viruses, intracellular bacteria and protozoa

* Ty2 is antibody predominant — “"humoral immunity”

+ Effective against bacteria and other extracellular parasites including
worms

INote: The CoV-2 antibody test is expected to be “positive” in either T,1 or T2 responses




(b T.1 Polarization is Typically Effective
Against Viruses /

FDA’s guidance on COVID-19 vaccines recognizes T,1
responses!

= Tyl inducing vaccines may go to First-in-Human studies without certain
animal testing

An inappropriate T2 immune response to a virus can lead
to bad outcomes

* Serious disease
« Chronic, persistent infection and inflammation

PO guidance far Industry “Development and Licensure of Yaccines to Prevent COVID-1%" - July 2020 - Page 8, Section D. - 4t
bullet paint: "COVID-19 vaccine candidates with immunagenicity data demanstrating high neutralizing antibody titers and Thi-type T
cell polarization may be allowed to proceed to [First in human] FIH trials without first completing postvaccination challenge studies in
appropriate animal madels, provided adeguate risk mitigation strategies are put in place in the FIH trials”

hitbps s v, Fda gow/media, 1 396 38/ download




(1) Types of Pathogen and Effective Immune /
18

Responses
Intra- Extra-
cellular cellular

(Viruses!)  (Bacteria?)

T-Helper Predominant
Polarization Immunity

Tyl T cells + -
Ty2 Antibodies - +

T cells recognize digested fragments (“antigens”) on
pathogens on the surfaces of infected cells

ntracellular pathogens include intracellular bacteria and prmozoa
“Extracellular pathogens include worms and toxins E ® Fharmaceuticals Holding Corp,




(1) Vaccine Type and Expected Immunity

P

Subunit DNA/RNA Non- Live
Replicating Replicating
Probability
of Expected
Polarization
Tyl Unlikely Unknown Unknown Likely
Tu2 Likely Unknown Unknown Unlikely

DNA/RNA vaccines and non-replicating vaccines are relatively novel:

probability of T cell polarizations can be affected by other factors

- Different subtypes of vaccines

« Type of antigen expressed (e.g., a cell surface antigen can bias towards T,2 response)

£ 2020 Tonix Pharmaceuticals Holding Corp.




(l) COVID-19 Vaccine Landscape /
20

+ We expect more than one vaccine will be approved by FDA
+ Different vaccines for different individuals

» More than 150 vaccines in development

+ Diversity of approaches is important since protective immunity is not yet
understood

- Technologies range from never tested before to 220 years old

+ Live attenuated vector systems in development include:

+ Tonix (horsepox), Tonix {bovine parainfluenza), Merck {measles!- and
VSV2-based), Zydus Cadila (measles-based)

Measles-based vaccinge, acquisition of Themis, collaboration with Institube Pasteur
AWEN = vesicular stomatitis virus; collaboration with IAVI = International AIDS Vaccine Initiative




l Where Do We Go From Here? /
21

+ Goal: Effective COVID-19 vaccines
« So we can return to work and school

* Need #1 Quickly available vaccines

« Even if they offer only temporary immunity -- several now in
human trials

* Need #2 Vaccines providing long-term immunity
* Durable immunity for years
+ Blocking of forward transmission
+ Expect longer development and testing timelines




v TNX-18001: COVID-19 Vaccine Engineered
@Lﬂ for Long-term Immunity /

» Based on viral vaccine developed more than 200 years ago
by Edward Jenner for a smallpox vaccine
« Eradicated smallpox
+ T cell eliciting immunity
» Single dose immunity without adjuvants
+ Manufacturable in scale on existing systems
» Glass-sparing packaging owing to small unit dose
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