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Mr. Gottesman, Chair, called the meetirg of the Recanmbinant DNA Advisory
Camittee (RAC) Working Group on Toxins to order at 9:00 a.m. on August 16,
1985.

Ir. Gottesman said the current National Institutes of Health (NIH) Guidelines
for Research Involvirg Reccmbinant DNA Molecules require specific RAC review

and NIH amd Institutional Biosafety Cammittee (IBC) approval of certain experl-
ments before initiation. Amorng these experiments are those 1nwlving deliberate
formation of recambinant MNAs containug genes for the biosynthesis of toxic
molecules lethal for vertebrates at an LDgg of less than 100 nanograms per
kilogram body weight. A specific appendix referring to the cloning of toxans
was constructed in 1980 by the Working Group on Toxins. That apperdix, entitlied
"Contaiment Conditions for Clonim of Genes Coding for the Biosynthesis of
Molecules Ttxic for Vertebrates," specifies the contaimment t© be used for the
deliberate clenirg of genes coding for the biosynthesis of molecules toxac for
vertebrates. The apperdix was based on a consideration of the pharmacologyical
toxicity of the toxin and specifies that experiments involving clonirg of the
genes for toxins such as hotulimm toxing, tetams toxin, diphtheria toxin,

and Shigella dysenteriae neurotoxin must be reviewed by the RAC and have NIH
ard IBC approval htefore initiation.

Dr. Gottesman said three proposals involvirg two of these toxins are on the
workim group agenda for the August 16, 1985, meetirg: (1) a request for per-
mission to clone Shiga~like toxin (SLT) structural genes fran bacterial specles
classified in the families Enterocbacteriaceae or Vibrionaceae according to
Remyey's Manual of Systematlc Bacteriolagy: (2} a proposal to reamove fram
Biocsafety Level 4 (BI4) contaimment K12 host-vector systems expressing a
hybrid gene encadirng c-melanocyte stimulating homone {(e~MSH} ard portions of
diphtheria toxin: and (3) a request for permmission to construct a hybrid mole-
cule in which the gene coding for interleukin-2 (IL-2) 1s joined to a segment
of the gene encodirg the A subunit and portions of the B subuit of diphtheria
toxin. The hybrid gene would be cloned in E. coli K-12 host-vector systems.

Request for Permission to Clone Shiga~like Toxin Genes

Dr. Gottesman said Nr. Alison O'Brien of the Unifomned Services Unaversity of
the Health Sciences (USIHS) was requesting permission to clone SLT structural
genes (defined either by nuclectide sequence homolagy with SLT gene probes

from E. coli or by antigenic cross-reactivity of their gene products with
purified E. coli SLT) from bacterial species classified in the families Entero-
bacteriaceae or Vibrionaceae according to Bergey's Manual of Systematic Bacteri-
olagy into E. coli K-12 under the comditions specified in Federal Register
Vnlume 49, Number 179. ODr. O'Brien had mreviously sought and had obtained
permission fran the NIH to clone SLT fram E. coli in E. col:i K-12 host-vector
systems. 'The larguage of that permission appeared in Federal Register 49,
Mriber 179, aml was incorporated into the NIH Guadelines as Appendix F-IV-H.
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Pr. Gottesman say] Appendix F-IV-H of the NIH Guidelines cuwrrently reads:

“The intact structural gene(s) of the Shiga-like toxin fram E. coli
may be cloned in E. coli K-12 under BL3 + EKL contairment conditions.

"E. ooli tost vector systems expressirg the Shiga-like toxin gene may be
moved fram BL3 to BL2 contaimment conditions provided that: (1) the
amount of toxin produced by the modified host-vector systems 1s no
greater than that produced by the positive control strain 933 E. coll
0157:H7, grown armd measwrad under optimal corditions; ard (2) the clomumg
vehicle is to he an EK1 vector preferably belorgirg to the class of
roorly mobilizable plasmids such as pBR322, pBR328, amnd pBR325.

"Nontoxinogenic fragments of the Shiga-like toxin structural gene(s) may be
moved fram BL3 + FK1 to PL2 + FX1 containment comditions or such nontoxino-
genic fragments may be directly cloned in E. coli K-12 under BL2 + EKL
comirtions provided that the E. coli host-vector systems containirmg the
frayments do not contain overEpping fragments which together would encamn-
mass the Shiga-like toxin structural gene(s)."

NDrs. Habig and Levine sald they might have conflict of interest considerations
in dealing with the proposal from Dr. O'Brien as they both have collaborative
associations with her. Dr. Gottesman suggested they participate in the discus-
sion ard vote on motions. Dr. Milewski would note their votes and the potential
conflict of interest in the minutes of the meetimn.

Tr. O'Brien saxi she amd her group hal been urwestigatirg omganisms for the
presence of SLT. SLT 1s defined as heing cytotoxic to cells and antigenically
cross-reactive with purified E. coli SLT. SLT has been identified in members of
the families Entercbacteriaceae and the Vibriocnaceae, and she was now requestlirg
rermission to clone SLT genes fram the Vibricnaceae amd the Enterobacteriaceae 1n
E. coll K-12. The major goal of this work is to develop a cholera toxin vaccine.

Dr. O'Brien suggested SLT may be a cawmon mroperty of these bacteria; in
organisms such as Shigella dysenteriae 1 SLT may play a role in virulence vhen
a lame amount of the protein is produced amd other virulence factors are
present.

Dr. O'Rrien said SLT has also been recently identified in one strain of Campylo-
bacter and two strains of Aercmonas. The Aercmonas are classified as
Vibricnaceae. The Campylobacter hal at one time been classified by Bemgey's
Manual as Vibrionaceae but had recently been reclassified as an orphan species.

Nr. O'Brien pointed out that a number of Campylobacter characteristics are
cammon to the Vibricnaceae. She asked whether she might receive permission to
clone ST genes fran Camplyobacter.

Dr. Milewski said the August 19, 1985, Federal Register annauncement (50 FR
13462) published 30 days before the RAC meeting and describing the proposal
stated that r. O'Brien requested] permission to clone the SLT gene fran members
of the families Fntercbacteriaceae and Vibrionaceae as classified 1in Bergey's
Marmal . She sugaested the workimg qgroup first vote on the roposal as 1t
5%
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appeare! in the Federal Register. The group could subsequently offer a
recanmmendation on experiments involvirng Canmpylobacter.

Dr. lLevine pointed cut that investigators in other parts of the world may
perform the types of experiments requested by Dx. O'Brien under much less
restrictive conditions. He thowht U.S investigators are unfairly shackled by
differences in rules on the clonirg of toxin genes.

Dr. Gottesman said there are two approaches t0 dealirg with differences in
rules between countries: (1} the working group may suggest the NIH Guidelines
be mxiified; and (2} the investigator may request more generic approvals.

Dr. Gottesman suggested the workirg group proceed by votirg on those portions
of the request which were published in the August 19, 1985, Federal Register
and subsequently propose aml wote on other actions the workirg group deems
reasonable.

Mr. Gottesman asked whether the SLT structural gene 1s carriad on a phage.
Dr. O'Rrien replied that high toxin production in bacteria usually appears to
be associated with the presence of SLT corwertingy phages such as 9337 ard
HL9A/J but not always. A low level of toxin production can consistently be
detected 1n the absence of phage, and may be associated waith a chranosamal
gene. DNr. O'Brien hyrothesized that the phage gene may be a variant of the
chramoscmal gene. She suygested cther variants of the gene might be found 1n
other bacterial species. She added that the Shiga toxin gene appears to be a
chranosomal gene 1n Shigella dysenteriae 1 since the phage cannct be i1rduced.

Mr. Gottesman asked what 1s known about the host range of the SLT convertirg
phages. Dr. John Newland of USUHS said the phages can infect other E. coli
strains; other bacterial families have not been studied to determine whether
these phages will infect members of these famlies.

Pr. Gottesman asked how much toxin was produced when the SLT gene under 1its own
regulation on a multicopy plasmid was introduced into the E. coli lost-vector
system. Dr. O'Brien replied that a seven fold increase 1in toxin production
canpared to the stamdard strain 933 E. coli 0157:H7 occurs when the SLT gene
under its own regulation is introduced 1nto the E. coli host-vector system.

Nr. 0'Brien said the isste of increased ST production by the E. coli host-
vector system should be kept in perspective. Under optimal laboratory condi-
tions, Shigella dysenteriae 1 strain 60R produces 108 cytotoxic toxin doses
per milligram (my) ?rotein per cell lysate; the standard strain 933 E. coli
0157:H7 produces 107 cytotoxic deses {CDs) per mg protein under cptimal con-
ditions. ‘The F. coli host~vector strain carryirg the SUT gene on a multicopy
plasmd produces 7x10’ Chs per my protein under optimal conditions. Thas
level of toxin praduction is still less than that produced by the Shigella

d nterlae 1 strain. She addexd that Shigella flexnerl produces approximately
10% Chs per mg prctem under cptimal comiitions. The Vibrio cholerae vaccine
stram praiuces 104 CDs rer mg protein under cptimal corditions.
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Nr. Cpllier pointet out that at this time the specific activity of SLT toxin
is not known. 0r. Gottesman saxd argurments on mechanism of entry into the
animal and treatability of symptoms support a recammendation to RAC that this
proposal be recammended to the NIH Pirector. Dr. Formal said E. coli tost-
vector systems offer an additional safety factor since experience has shown
E. ooli K-12 w211 not ordinarily colonize the bowel.

Dr. Collier moved that the workiny group approve of Dr. O'Brien's request as
1t appears in the August 19, 1985, Federal Register. Dr. Kopecko secorded the
motiohn.

Mr. Gill said he would like the record to show the working group was takirg
this action hecause it judged that E. coli host-vector systems carrying the
SUT gene are no more harmful than Shiga toxin expressirg strains found in nature.

By a vote of six in fawr, none opposed, and no abstentions, the workimg group
recammerded RAC approve [r. O'Brien's request as it appeared in the August 19,
1985, Federal Register. (Drs. Levine and Habig voted in support of the motion.)

Dr. Newland asked whether 933 E. coli 0157:H7 would be the stamdard against
which activity 1s measured regardless of what strain was used as the source of
the SLT gene. Dr. Gill saiul the strain specified in Apperdix F-IV-H of the
NIH Guidelines would be the standard strain regardless of the source of the &LT
gene.

Dr. O'Brien asked the workirg group to consider substitutirg in Apperdix F-IV-H
a shigella strain which produces more toxin than 933 E. coli 0157:H7 as the
starmlard against vhich to measure toxn.n raduction. Shigella dysenteriae 1
strains proluce approximately 108 ;:er mg protein in cell lysate; standard
strain 933 E. coli 0157:H7 produces 10/ CDs per mg protein under cptimal
conditions.

Dr. Collier sald the question is whether there 1s any reason to believe an

£. coli K-12 host-vector strain expressimg SLT or Shiga toxin on a hagh copy
rumber plasmuAd would be any more toxic than Shigella found in nature.

Ir. Ievine pointed out that E. coli K-12 does not colonize the gut and a K-12
host-vector system carryirg the Q.T gene would not be more matlogenic than
Shigella dysenteriae. He thought 10g Chs per my protein in cell lysates
would he an appropriate upper Limit for permitting a clone to be ramoved fram
BL3 contarrment.

Mr. Gill said an extra margin of safety is mrovided by the specification in
Aprendix F-IV-H of 107 CDs per mg protein in cell lysates as the upper limt
for removal of SLT clones from EL3 containment. He would prefer strain 933 E.
coli 0157:H7 which produces 107 ¢hs under optimal contaimment be the standard
strain for deteminirg whether a particular tpst-vector strain could he removed
fran RI3 contaiment. If clonimg of the Shiga toxin gene on a high copy nuther
plasmid i1n E. coli K-12 resulted 1n a 10 fold increase in toxin production, a
very high level of toxin, 10°2 Chs, would be produced.



Nr. ¥opecko said 1t was umportant to clone the Shiga gene from Shigella
dysenteriae 1 in orier to understami how toxin gene expression is controlled
since Shinella dysenteriae 1, an epidemic strain, produces rore toxin than
other Pacteria. He trought 108 CDs per mg proteln 1s equivalent to the highest
level of Shiga toxXin expression found in nature; therefore, the workim group
should recamend E. coli K-12 host-vector systems expressirg 108 cps per mg
protein be permitted to be moved frem BL3 to lower contairmment. K-12 strains
producing more than 108 Cps per mg protein will not be permitted to leave

RL3 containment under the proposed larguage.

Dr. Gottesman said the issue 1s whether E. coli K-12 producimg high levels of
Shiga toxin would be hazardous to anumals.

Nr. Habig said he did not see why E. co0ll K-12 host-vector systems carryirg

the Shiga toxin dene would pose a greater darger than Shigella dysenteriae 1.

Nr. Kopecko pointed cut that clinical laboratories routinely work with augella
dysenteriae 1 at BL2 conditions. He did not think E. coli K-12 host-vector
systems would be more dargerous than Shigella dysenteriae 1. Dr. Gottesman
sald she felt canfortable with permaittim E. ©oll host-vector systams expressing
108 (Ds of SIT to be used at BL2 contairment since E. coli K-12 does not
colonize the gut.

Dr. Levine suygested a number such as 108 CDs be chosen as the upper limit of
toxin a host-vector system might express if it is to be removed fram BL3 to a
lower contairment level.

Dr. Levine said F. ooli K-12 is not an irvasive pathogenic omanism. Several
factors are necessary for pathogenicity, amd even for Shigella nore 1s required
than simply expression of the toxin gene. An atteruated Shiga bacillus vaccine
strain which produces as much Shiga toxin as the parent pathogenic strain but
lacks 1nvasiveness factors did not cause disease when fed to human volunteers.
In a the simle case in which the strain reverted to invasive, the human volun—

teer became ill.

PDr. Fommal said he had constructed a strain by introducirg half of the Shgella
flexneri chramosame and an SLT converting phage into E. coli K-12. The intro-
duced Shigella flexneri genes were thought to include all of the genes necessary
for virulence. The constructed strain had no effect on monkeys in feedim
experiments although it roduced 107 cps per mg protein of SLT under cptimal
lahoratory conditions.

Dr. Gi1ll asked whether concern exists about transfer to other omanigms of a
high copy number plasmid carrying the Shiga toxin gene and 1ts control elements.

M. Mewlard said the probability of transfer of the SLT or Shiga toxin gene by
phaje in nature is higher than the probability of transfer fram K-12 by poorly
mohilizable plasmid wvectors.

Nr. Gottesman asked what laboratory comditions are necessary to obtain cptimal
expression of the SLT gene in the E. colil K-12 host-vector system. 0. Newlarnd
replied that antibiotlc pressure is necessary. In aidition, several other
procedures such as using specially treated medium are also requared. If an
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SLT clone is simply cultured in the conditions usually used to culture the
host-vector system, toxin production is generally a factor of 102 lower than
the highest level of expression obtained under optimal conditions with that
clone.

Dr. Newland said he had clserved that the recambinant plasmid carrying the SLT
gene appears to be rapidly lost from the E. coli host-vector system in the
absence of selective amtibiotic pressure.” The plasmid without the SLT gene is
not so rapidly lcst in the absence of selective pressure. He and Dr. O'Brien
hypothesized that high levels of toxin may be toxic to bacteria. The rapid
loss of the recombinant plasmid in the absence of selective pressure may be an
additional safety factor.

Dr. Gottesman asked whether the working group would consider modifying Appendix
F-IV-H by raising the upper level of toxin expression to 108 cps per mg protein
in cell lysates in exchange for an assurance that the plasmid will be rapidly
lost in the absence of antihiotic pressure. Alternatively, an upper level of
expression need not be fixed if the plasmid will be rapidly lost since rapid
plasmid loss will provide a measure of safety.

Dr. Levine said one problem with Dr. Gottesman's proposal is that language
generic for experiments involving E. coli may not apply to experiments involving
Vibrio or Shigella. A second concern is the variability of the SLT assay; with-
out an internal standard it is difficult to know how much toxin is produced.

He asked Dr. O'Brien how great a difference is observed using the same procedure
from experiment to experiment. Dr. O'Brien replied that a 100 fold difference
in the amount of CDs produced may be obserwved from experiment to experiment.

Dr. Gill moverd that Appendix F-IV-H bhe amended to read in part:

"E. coli host-vector systems expressing the Shiga-like toxin gene product
may be moved fraom BL3 + EX1 to BL2 + FK1l containment conditions provided
that: (1} the amount of toxin produced by the modified host vector systems
be no greater than that produced by the positive control strain 933 E.

coli 0157:H7, grown and measured under optimal conditicns, or ten times
this level if the maintenance of the plasmid carrylng the gene is dependent
upon growth in the presence of an antibictic..

Dr. Levine suggested the motion be amended to read in part:

"E. coli host-wvector systems expressing the Shiga-like toxin gene
product may he moved fram BL3 + EX1 to RL2 + EK1 containment conditions
provided that: (1) the amount of toxin produced by the modified host

vector strain be no greater than 108 cns per mg protein....”

Dr. Formal suggested the motion shauld name a toxin producing strain as the
standard rather than citing a specific murber. He suggested Shigella dysenter-
iae 1 strain 60R be used for this purpose. Shigella dysenteriae 1 strain 60R,
a roudh strain not. capable of colonizing the human gqut, produces about ten
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times nmore toxin than 933 E. coli 0157:H7. larguage specifying a specific
strain would provide an internal stamdard and pemmit comparison fron laboratory

to laboratory. Ir. Kopecko agreed.

Dr. Levine amerded his motion to require use of Shigella dysenteriae strain
60R as the standard strain. Dr. Formal seconded this motion.

Dr. Gottesman secomded Nr. Gill's original motion in order to pemat a vote
on this motion. By a vote of two in favor, four opposed, amd no abstentions,
Dr. Gill's motion was refused by the workirg group. (Dr. Levine gpposed this
motion. Dr. Habig supported it.)

The workimg group then voted on Dr. Levine's motion. Ry a vote of five in
fawor, one opposed, and no abstentions, the workimg group accepted this motion.
{(Drs. Habig ard lLevine supported this motion.)

Dr. Kopecko then offered the followirg motion:

"Campylobacter species have lormg been recagnized as members of the family
Vibricnaceae. Recently Campylobacter species have been separated taxoncami-
cally into an orphan gerus. Because of the similarities hetween Campylobacter
and Vibrionaceae, the Workirg Group on Toxins recamrerxis that for purposes of
clomirg SLT Campylobacter can be considered as members of the Vibrionaceae."

Nr. levine secorded this motion.

r. Gill said the most important consideration in evaluatimg a proposal 1s not
the species fram vwhich the gene wes originally isolated but the characteristics
of the gene's product amd the lost-vector system. He said he would support

Dr. O'Brien's reguest to permit clonirg of the SLT gene from Campylcobacter.

He thought DIr. Kopecko's motion did not comvey the i1dea that the gene, and the
characteristics of its product are the most important considerations. He
suggested a substitute motion which would not refer to the source of the gene

be developed.

Pr. Formal said although he ayreed wath Ix. Gill, at the mresent time 1t would
be difficult to mrecisely define the characteristics of SLT toxin. A substitute
motion would have to contain such a definition.

Dr. Milewski said Dr. Kopecko's motion was preferable because of the way the
August 19, 1985, Federal Register anncucement hal been written. She said the
minutes of the workimy group meeting would show the group strorgly supports
the concept that the gene is the most itmportant consiyderation.

Dr. Levine called the vote on Dr. Kopecko's motion. By a vote of six in favor,
none cpposed, and no ahstentions, the working aroup approved of the motion.
(Drs. Levine aml Habig supported the motion.)
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Request to Remove Clones Carryirng the o-MSH-Diphtheria Toxin Gene Fram
Aigh Containment

Pr. Gottesman said Dr. John Murphy, then of Harvard Medical School and now waith
the University Hospital of the Boston University Medical Center, in a letter
dated October 5, 1982, remuested pemmission to construct a hybrid molecule in
which the gene coding for a-melanocyte gtimulating hormone (a-MSH) 1s joined to
a seqment of the gene encading diphtheria toxin. The gene ssgment would enccde
the A subunit and portions of the B subunit of the diphtheria toxin gene. The
segment would not contain the diphtheria toxin himding donain. The a-MSH gene
would be a synthetic oligonuclectide. The o-MSH~diphtheria toxin hybrid gene
would he introduced into poorly nobilizable plasmids such as pBR322, PUC9, or
PUCB amd cloned in E. coli EKL host-vector systems. The goal of these experi-
ments 18 to construct a family of chameric toxin genes whose mroducts have the
potency of diphtheria toxin and the receptor binding specificity of o~MSH.

This request was discussed by the RAC at the COctober 25, 1982, meetirg:; RAC
recamended these experiments be permitted at BI4 contaimment at the Frederick
Cancer Research Facility. The RAC alsgo recanmended that data on the character-
istics of the recorbinant organisms expressing the ¢ -MSH-diphtheria toxain
hybrid gene stould be evaluated before the clones are permitted to leave the
RL4 facility. The RAC charged the Working Group on Toxins with reviewirsy the
data on the E. coli strains carryirg the hybrid toxin; the group also was
charged with offeringy a recammendation to the Director, NIH, on whether the
strains may be removed fram H4 contaimment. The reconmendation of the Workirg
Group on Toxins could be acted upon by the NIH Director without RAC review of
the data. A report of the Workimy Group on Toxins would, however, be sent to
the RAC.

Dr. Gottesman said Dr. Marphy made the followirg three separate repests com
cemirg removal fram the B4 facility of the E. coli K-12 host-vector systems:

(1) that fragments of the diphtheria toxin structural gene (expressed
from either the tax or lambda phage Py pramotor) which include
fragment A and fragment B up to, but not beyord, the Sphl site
be classified at BL1:;

(2) that the diphtheria toxin structural gene modified by the introduction
of a C-terminal cysteine residue up to, but not beyond, the Sphl site
(pARCS08) be classified at BLl;

(3) that the diphtheria toxin-related o«-MSH fusion genes w@p to, but not
beyorrd, the Sphl (pABMS08, or pABM1508) site be classified at BLL.

Dr. Gottesman said Nr. Muphy had supplied data in the fom of two tables.

Table 1 contains data on intra—-peritoneal injection challenge of gquinea plgs
with viable and boiled Escherichia coli host-vector systems ard B. coli pAEM1508
carrying the a-MSH diphtheria toxin fusion gene. Table 2 contains data on
gquinea mg swrvival after injection with martially purifiel conjugate frotein
at araied doses up to 1000 minimal lethal dose equivalents (basel on 160 nano-
grams diphtheria toxin rer ka body weight as minimal lethal dose.)
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Dr. Murphy said these data sujgest E. coli host-vector systems carrying the
hybrid gene are not hamful to guinea pigs. Table 2 data suwggest that up to
1000 equivalent diphtheria toxin doses of conjugate protein challerges to
quinea pigs cause no effect. He saild one animal died durirg the caurse of
these experiments: autopsy showed no evidence of the patholagy of the adrenal
glands characteristic of diphtheria toxin intoxication.

Dr. Gill said the crucial question in review 1s whether lack of human toxicity
can be predicted fram the data submitted by Dr. Morphy. He saxd one question

is whether the o-MSH-diphtheria toxin hybrid protein could be lethal to humans
or whether an exposed irdividual might became albino. He said 1t 1s not known
whether destroyirg cells possessing oMSH receptors would be lethal to a human.

Dr. Habig asked whether human oMSH would be recagnized by guinea pig o-MSH
receptors. Dr. Muaphy said human o-MSH is recoanized by guinea pig melanocytes.

Nr. Gottesman asked Dr. Murphy what cells havimg o-MSH receptors would have been
encountered by the toxin during the guinea pig tests. Ir. Murphy said skin
melanocytes 1in the G2 phase of the division cycle are sensitive to diphtheria
toxin. Cells in the brain also have MSH receptors but would not he exposed in
these tests because of the blood-brain harrier.

Dr. Kopecko asked whether the guinea pig has a-MSH receptor-possessirg cells
in the peritoneum. 0r. Murphy said guinea pgs are very sensitive to 1intra-
peritoneally introduced diphtheria toxin.

r. Gill asked r. Marphy 1£f he knew vhether guinea plg melanocytes were
destroyed during the test. Dr. Murphy said he did not know 1f melanocytes had

been destroyed.

Dr. Levine asked how long the animals had been olserved durirg these tests.
r. Murphy said the animals had been observed for at least 150 hours. This 1s
appraximately 24 hours beyord the observation period employed when animals are
thallemged with one minimal lethal dose equivalent of diphtheria toxan.

Nr. Murphy said diphtheria toxin is only fatal to sensitive cells i1n the G2
portion of the cyrle since sensitive cells only express o-MSH receptor 1in the

G2 phase of division. Normal melanocytes have a very low hasal rate of rotein
synthesis ani replicate about once a year. Therefore, only a very small fraction
of the melanocyte population would be expressirg the o-MSH receptor at a given
time. In order to envisage fatality, either a lom colonization period by

toxin prolucirg bacteria or a lomg serum half life of the o—MSH-diphtheria

toxin hybrid molecule would have to be hypothesized.

Nr. Habig asked whether the o-MSH~diphtheria toxin hybrid protein could enter
brain cells through hydrophobic insertion 1f administered intracerebrally

nr intraneurally. bDr. Murphy saild the conjugate toxin probably 1s as motent
as the (”M 45 fragment when 1njected intracerebrally or intraneurally.

Mr. Habig saxl diphtheria toxouls with an intact A chain possess a fair amount
of resulual enzymatic activity. He asked Ir. Murphy if he hal any data on the
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toxicity of the Sphl fragment. Is the Sphl fragment an active toxin if the
o-MSH moiety 1s cleaved off? 1Is the level of toxicity of the Sphl fragment
similar to that of the CRM 45 fragment? He noted that the CRM 45 frayment 1is
smaller than Sphl but 1s toxic imjected intracerebrally or intraneurally.

Dr. Gill pointed out that the CRM 45 fragment is 100 times less toxic than
diphtheria-toxin. If the Sphl fragment 1s 100 times less toxic than diphtheria
toxin, experiments involvim the clonimg of the fragment would be classified

in the BLl category.

Dr. ollier asked Tr. Marphy to conpare the 1 frgment to the QM fragments
in tems of size. Dr. Murphy said the Sphl fragment lacks 67 amno acids of
the mature diphtheria toxin. It is lamer than the larmgest known CRM fragment.

Dr. Gill asked 1f any data exist on the toxicity of a diphtheria toxan fragment
of that size. Dr. Murphy saxd no data exist but felt the Sphl fragment
would be as toxic as the CRM 45 fragment.

Dr. Levine asked whether the challerged guinea pigs mounted an antibody response
against the a-MSH-diphtheria toxin hybrid protein. Dr. Murphy said he had
not tested for an antiboldy response but assumad antibodies would be produced.

Nr. Habig asked vwhether the conjugate protein could cause an antibody response
ajainst o-MSH 1tself. Ir. Levine sail ancther guestion 1is whether the
conjugate would be effective in humans if nore than one course of therapy was
necessary since most humans would mount an antibody response against the oMSH-
diphtheria toxin hybrid molecule.

Dr. Habig sald RO per cent of the immunized population have some antibcdies to
the A chain portion of the diphtheria molecule. He gquesticned whether the
a-MSH-diphtheria toxin molecule would be therapeut:ically effective in immunized
populations. Dr. Murphy hypothesized that i1t would. He said only those mono-
clonal antibodies that block toxin bimding to the receptor neutralize the
toxin; monoclonal antibodies that hind to the toxin hut do not block receptor
binling do not neutralize the toxin. He toped that only antitoxin antibodies
capable of blockirg receptor bindimy would be able to neutralize the o-MSH-
diphtheria toxin molecule in vivo.

Dr. Habig sail the o-MSH-diphtheria toxin hybrid might be neutralized in the
animal by the formation of polyvalent camplexes. Tetamus toxin can be neutral-
ized by lattice formmation even 1f the receptor bindirg site 1s not blocked hy
antibodies.

Dr. Gottesman asked whether fragment Sphl has an internal stop codon. Would
fusion proteins result if “"read-through” occurred? 0Dr. Murphy said the Sphl
fragment has no internal stop colon. A fusion protein results when the Sphl
gene frayment 1s linked directly to the vector DMA.

Pr. Cottesman asked Dr. Murphy whether any toxicity data exist for ramdan Sphl
fusion molecules. Dr. Murphy sai? he hal no toxicity data on Sphl fusion
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proteins. He felt the fusion proteins would be unstable ard rapidly degraded
in the bacteria anl i1n crude lysate preparations.

Nr. Gill said thas later possibility could he tested by spiking the preparation
with whole purified diphtheria toxin. Thais would give a limited answer, however,
since fusion proteins may be degraded at different rates than the whole toxan.

Dr. Hablg said some toxicity questions could be answered by permitting the
a-MSH—diphtheria toxin hybrid protein to be purified and tested 1n clinical
trials.

Dr. Gottesman saxd the workimg group must deal with two questions. The first
1s whether fusing the Sphl frayment with the a-MSH gene would confer on the
hybrid molecule propertiles quite different fran the properties of diphtheria
toxin. The secord is the toxicity of the Sphl fragment and any ranmdamly
generatal fusion proteins.

NDr. Fomal said the crux of the matter 1s whether the host-vector system
carrying the hybrid molecule i1s safe. One important guestion is whether
diphtheria toxin could be moduced by E. coli K-12 in the luren of the bowel.
Dr. Formal sald there is no evidence K-12 produces diphtheria toxin in the
howel .

Nr. Malcolm Martin of the National Institute of Allergy ard Infectious Miseases
(NIAID) said the working group should focus on an evaluation of the E. coli
host-vector system carryirg the hybrid gene rather than on the toxicity of the
hybrid toxin.

Dr. Gottesman said Apperndix F of the NIH Guidelines 1s based on the phamacologi-
cal activaty of toxins. The working group, therefore, would consider toxin
toxicity. Dr. Gill mgreed.

Dr. Gottesman said if the o-MSH-Sphl conjugate protein is not as toxic as diph
theria toxin, then containmment lower than BL4 is i1ndicated. She asked whether
the workimy group 1s willirmg to lower contairment to the BL1 level for procedures
involving the o-MSH-Sphl conjugate protein.

Dr. Collier said a judgment call was made when diphtheria toxin was classified
1n Appendix F of the NIH Guidelines in 1980. On the basis of diphtheria toxin
toxicity, this toxin might have been classified as requiring either BL3 or Bl4
contairmment. He thought the BI4 contaimment assigned at that time was 1nappro-
miately high. He pointed cut that Apperdax F pemmits the clomirg at BL1 +
FK1 of Pseuwdamonas aertglnosa exotoxin A which 1s only ten to fifty times less
toxic than diphtheria toXin.

Dr. Habig said the pathogen elaboratiny diphtheria toxin, Corynebacterium
diphtheriae, 1s grown at BL2 contairment in clinical laboratories ard large
culture mxraduction. The NIH Guidelines also require BL2 contairment or work

with Corynebacterium diphtheriae.
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Dr. Kopecko said E. coli K-12 host-vector systems are not pathogens. He thought
the worst case scenario would i1mwvolve the potentlal transfer of the recaubinant
PDNA plasmid to another organism. Dr. Levine said even 1f the E. coli K-12
host-vector system cauld colonize the gut the rate of transfer of plasuds in
the qut is extrsmely low under normal conditions.

Nr. Murphy said all of the conjugate protein produced hy the E. coli host-vector
system 1s exported to the periplasmic compartment. Dr. Habag “asked 1f this was
the case even 1n the stationary phase of bacterial growth. Dr. Mirphy said he
did not know but reminded the group that experiments involving lntra-peritoneal
injection of viahle am heat killed omanisms showed no different response to
organisms carryirng the hybrid gene and the host-vector system without the

hybrid gene.

Dr. Levine said he was not sure the observation the protein was not secreted
is an amgument for safety. Bacterial cells are not uwmortal and will lyse and
secrete the fusion protein into the wmediate erwviroment.

Or. Murphy thought a large number of cells would hawe to lyse to mroduce proteln
levels lethal to the animal.

Dr. Gill questioned whether the toxicity data mesented by Dr. Murphy mught have
heen generated using degraded conjugate protein.

Dr. Habig asked Dr. Muphy whether he had ascertained that the o-MSH-diphtheria
toxin hybrid protein was isolated intact. Ir. Murphy said he hal not looked

at the C teminal sequences to detemmine whether the hybrid protein hal been
degraded. The active fraction was hamgeneous on gels and was close to the
deduced mpolecular weight of 50,000, however.

Nr. Collier asked Dr. Murphy how he knew the fraction injected into the guinea
mgs contained active o-MSH-diphtheria toxin hwbrid protein. Dr. Marphy replied
that the protein fraction was actiwe against sensitiwve cells in cultuwre.

Pr. Gottesman asked how sensitive these tisswue culture cells are o diphtheria
toxin. Dr. Murphy replied that the control cells, African green monkey CV-1
cells, are sensitive to 10710 or 10~1l molar diphtheria toxin.

Dr. Gill said the mmportant considerations are the toxicity of the Sphl fragments
arrl of the conjugjate protein. He thought the toxicity of the Sphl fragment is
very likely to he very low; however, 1t 1s not mossible in BL4 corditicons to
obtain sufficient purified material to determine toxicity.

Pr. G111l suggested Dr. Murphy be given permission to work 1n BL3 conditions to
purlfy encugh material for toxicity testimg and to guantitatively assay the
hybrid protein in more species of anaumals over a lomger period of time.

Nrs. Gottesman and Collier agreed that Dr. Murphy should be permitted to
rancove the clones fram BL4 contaimment for the purpose of obtaining additicnal
data.
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Nr. Levine sald he would prefer Mr. Murphy be permtted to use BL2Z contarrment.
He moved that BLZ be reconmerded as the contaiment level for Ir. Murphy's
three requests, and that this lamuage be recamended for approval by the
workimg group. This motion would pemnit Ix. Muphy to produce encugh material
o test toxicity. Dr. Formal seconded this motion.

fr. Collier re-emphasized that the toxicity of the Sphl fragment 1s not known.
He offered a friendly amendment to Dr. Levine's motion; the modified motion
would specify BL3 contalrment corditions for Tr. Murphy's three proposals.

Tr. Levine accepted this modification.

Dr. Martin suggested the working group specify BL2 contaimment plus BL3 prac-—
tices for Dr. Murphy's proposals. A negatively pressurized room 1s the only
Aifference between BL3 contairment amd BL2 contaimment plus BL3 procedures.
He did not think a negatively pressurized roan offered any additional safety
factor for Ir. Muphy's roposed experiments.

r. Levine mxdified his motion to require BLZ2 containmment plus BL3 practices
for r. Muphy's three requests.

Dr. Gill suggestel additional lamyuage be added to the motion to irdicate
the workirng group wished to permit Dr. Murphy the opportunity to acguire better

toxicity data on the purifiel protein with the implication contaiment couild
be further lowered on the basis of these data.

Dr. Levine accepted Nr. Gill's proposed amerdment.
By a vote of six in favor, none opposed, armd no abstentions, the workirg group

approver] of I'r. Levine's motion.

Proposal to Construct a Il~2-Diphtheria Toxin Hybrid Protein

Dr. Gottesman said in this proposal, Dr. Jobhn Murphy of the University Hospital
of the Boston University Medical Center requests permission to construct a
hybrid gene camposed of the gene coding for interleukan-2 (IL-2) and the Sphl
semment of the diphtheria toxin gene. The hybrid gene would be cloned 1n E.
coli K-12 host-vector systems. —

The lom-term goal of this research is to develcp novel IL~2 receptor-targeted
cytotoxic agents to carbat organ rejection and to create a state of graft
“tolerance" in oman transplantation. Sane of the products may have therapeutic
motential for treatim leukemia and lympham.

Nr. GCottesman salx] the riumary difference between the a-MSH~diphtheria toxan
hybrid molecule proposal and the IL-2-diphtheria toxan hybrid molecule proposal
1s the tyre of cell postulate? to be sensitive to the conjugate protein.

Dr. John Williams of Reth Israel Hospital said IL-2 receptors are fourtd on

proliferatim, antiyen-activated T cells anl to a lesser extent on activateal B
cells. These cells would be the targets of the Il-2-diphtheria toxin hybrad
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protein. Restirg or memry lymphocytes do not express IL-2 receptors. There
is no evidence of IL-? receptors on tisswes outside of the lymphcid canpartment.

Dr. williams said the goal of this project 1s to selectively remowve activated
T cells ard activated B cells durim a well controlled time reriod followirg
organ transplantation. It 1s hoped the IL-2-diphtheria toxin molecule would
be more selective than the immunosupmressive techniques currently 1n use.
Fxperiments in mice using anti-IL-2 receptor-monoclonal antibody conjugates to
suppress cells which cause rejection in cardiac transplants support this hypo-
thesis. 1In these experiments, the life of the graft in mice was extended fram
10-14 days to three months or more in 80 percent of the animals.

Dr. Gill said the "worst case" scenario he could conjecture would be that an
animal’'s T cells and B cells would be eliminated by thais hybrid protein. A
lorg observation of test animals might be necessary hefore such an effect
would e detected. Dr. Hablg said a lomg observation pericd might also be
necessary for animals treated with the o-MSH-~diphtheria hybrid protein.

Dr. Levine saixl the IL-2-diphtheria toxin hybrid protein cauld be an important
therapeutic agent, but it would be a new toxin ard could be hamful. He sug-
gested containment be i1nitially set at the BL4 level.

Dr. Martin said the largest BIL4 facility at the Frederick Cancer Research
Facility is run by NIAID. Any request by Dr. Murphy for use of the facility
will need to be consideread by NIAID in relation to other canpeting requests.

Dr. Levine said since little in known dbout the potential toxicaity of the
proposed hybrid protein, the workirg group approach should be conservative.

If BL4 contaiment is not available, the experiment should be permitted] under
RL3 contaimment with a recognition that concern exists about the nature of the
rroposed hybrid protein.

Dr. Gottesman suggested contaimment cauld be set at BL3 with a regquirement for
the use of FK2 host-vector systems. DUr. Levine said he would accept the sug-

qgestion to specify EK2 vectors: he would not accept the suggestion to specify

FK2 hosts.

r. Gottesman asked whether any type of risk assessment experiment could bke
performed which would answer basic questions about the nature of the protein.

Dr. Gill said risk assessment experiments with this hybrid protein would dffer
from previcus risk assesasment protocols hecause acute lethality 1s not a likely
outcane. Tests would have to be devised to lock for chronic impaiment of the
immune system. This type of data and the protocols necessary to generate 1t
are different fran that generally requireal for toxins.

Dr. Gill offered a motion to recammend permission to proceexd under BL3 conditions;
EK2 vectors would be used. Dr. Levine sax]l he would prefer the lamguage of
the motion specified the use of "poorly mobilizable plasmid vectors such as
the FX2 certified plasmds.” DMDr. Gill xmreal to this modlfication. Dr. Levine
secorded the motion.
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By a wote of fivwe in favor, none opposed, amd no abstentions, the workirg group

agreed this recanmeniation should be forwarded to the RAC.

The meetimy of the Workirg Group on Toxins was adjourned at 12:20 p.m.

Respectfilly submatted,

El:l.lzgeth A. Milewski, Ph.D.

Rapporteur ard
Executive Secretary

Date Susan Gottesman, Ph.D.
Chair
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