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ABSTRACT

This thesis describes the effects’of ultraviolet

., light on human lymphocytes applied at different times

after Con A qpimulation.

Among the parameters of stimulation examined were
DNA, RNA, and protein synthesis. Reductions in the in-
corporation of 3H—thymidine, 3H-leucine and 3H-uridine
were observed in Con A stimulated human lymphocytes
which had been irradiated with, 84 ergs/mm? /sec. This
reduction could not be accounted for by the decrease

in cell viability.

DNA synthesis was about equally sensitive to. uv
whether cells were irradiated At 24 hr or 44 hr after /
addition of Con A; in these experiments, DNA synthesis

was assayed at either 48 or 72 hr. DNA synthesis was .

most sensitive to irradiation when this was administered

at the onset of culture with Con A (DNA synthesis

assayed at 72 hr). Since at @ hr; cells are some 30'hr

from S phase, UV irradiation affects most sErongly the
activation. process, rather than DNA synthesis itself.
Attempts to show repair by allowing an interval of 24 h

. . . P . S
between irradiation and addition of mitogen were unsu-

ccessful. b ;

As far as protein synthesis is concerned, uptake
of H-leu was inhibited by 96% in those cells irradiated

prior to addition of Con A. This process was also sensi- .

tive in the resting cells.

%
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Thus, certain of the moaﬁ striking effects of UV
on the étimulation of lymphocytes are independent  of
its weli documented production of pyrimidiné dimers in
DNA. - . '

UV produced a significant reduction in the Con A
activated potassium —influk in human peripheral lympho-
cytes irradiatéh with 84'e:gs/hm /sec immediately prior
to the addition of mitogen. .P assium influx- in restiﬁg
cells was not éignificantly (p=0.l)‘inhibited; Potassium

influx measured 2.5 hours after Con A addition, using

Rb as a tracer dropped after UV from 6.8 to 1.7 fmoles/

cell/hr. ° '

UV also produced a significant redudtion (p = 0.001 )

in the binqing of 3H-con ﬁ’to-the lymphocyte cell surface.
The number of binding sites per cell at 40 min was 6.6 *

0.4 x 10% in the control cells and 4.2 = 0.4 x 10°® in UV

rd
reated. oM

UV therefore inhibits early events, essential for
activation which are produced at the lymphocyte cell

surface. However, UV irradiation had no effect on thymi-

dine transport, measured at 48 hr after addition of Con A.

One could reasonably concludé that approximately the game
. amount of 3H-thyinidine is being made available for DNA

incorporation in control and UV irradiated cells.

- ' ™
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Therefore the main effects of UV is on the- app@aranfge

of the system that synthesizes DNA' during S phdse of e
cell cycle and not on the function of this system or *of ,
| ¢ u

.+hat whicH .translocates thymidine across the lymphocyte

membrane. \ .

TSN G FPRPCI T 3o v

Tt was observed that UV prevented nuclear ‘decondensa-
tion, measured at 24 hr in cells which had been irradiated ]
at 0 hr (ppio; to Ccon h addition), whereas in those cells-
irradiéted 16 hrs after Con A additioq, nuclear decondensa-

+ion continued to occur.

Since a low UV dose produces irreversible and apparen-

tlinrreparable damage, it may be a useful tool for the study

of cell function.

(\
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© RESUME

- .
Cette thase décrit les effects des rayons ultraviolets, sur des

lymphocytes humains, & différentes périodes aprés la st?qqfation au Con A.
Certains deg paramétres de stimuiatibn examinés &taient les synthéses

d'ADN, d'ARN et de protéines. Des réductions dans les incorporations de.

Hi-Thymidine, H-Teucine et “H-Uridine ont &t& observées dans les

1§mphocytes humains stimulés aueCOn A et irradies avec 84 ergs/mmzléec. Ces

réductions ne pourraiént‘f'expliquer par ure baisse de viabi]ité’ﬁes cellules.
La synthése.d’ADN &tait presqu'aussi sensible aux rayons U.V. que les

cellules aient €té irradiées & 24 heures ou 44 heures aprés 1'addition

du Con A; dans, ces ekpérienées, la synthdse d'ADN a '6té mesurée 3 48 heures .

ou a 72 heqres. La synthése.d'ADN €tait plus sensible & 1'irrédiation quand

ceélle-ci &tait donnée au moment de 1'addition du Con A dans 1a culture

o

(1a synthése d'ADN étant mesurée d 72 hrs).

D

Vu qu'a 0 heure, lés cellules sont d peu prés & 30 heures de la phase S,'
1'irradiation auk U.v. affecte beaucqu plus le processus d'activation que ?ﬁ
syﬁthése d'ADN elle-méme. Les tentatives de prower une réparation dans un
intervalle de 24 heures entré 1'irradiation el 1'addition éu mitogéne
étaient infructueuses. ¢ ' ‘

En ce qui concerne la synth&se des prof&ines, 1'entrée de 3y jeucine
&tait inhibSe 3 96% dans ces cellules irradiées avant 1'addition de Con A.

Ce processur €tait aussi plus sensible dans les celiules au repos. (

Donc, certains des effets les p1ps-harqués des rayons U.V. sur la
stimulation des lymphocytes: sont indépendants de leur si t;ien connu gfet
a savoir la production de dia%étre pyrimidiques dans T‘AbN.

Les rayons U.V. produisent une réduction importante dans 1'activation

.
-
-
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de 1’ 1nf1ux de potass1um dd au.Con A, d;Ls les lymphocytes humains pér1phé-
raux irradiés avec 84 ergs/mm /sec juste avant 1'addition du mitogéne.
L'influx de potass1um des cellules au repos n'était pas considérablement

»

inhibé (P=0. 1) T . .

L'influx de potassium mesuré 2.5'heuré§-aprés 1*addition de Con A,

avec 38ab comme marqueur ‘administré aprés les rayons U.V. de 6.8 3 1.7° .

fmoies/ce]]ule/heure; _

Le§ raydns U.V; produisent aussi une ré&duction importante (p = 0.001)
dans la Iiaigon'Qe 3H-Con A E:Ia surfacq ce11u1airé du lymphocyte.

Le nohbre de sites dfattacheﬁeht par ce}]u]e 2 40 min. &tait 6.6+0.4
(5.106 dans les ce11q1es témoins et 4.21 0.4x106 dan§ celles traltées aux -
Doné'1es rayons U.V. 1nh1bent les &vénements pr1mord1aux, essent1e1s

an act1vat1on qui sont produ1ts a la surface ce11u1a1re du lymphocyte.

. Cependant, 1'irradiation aux U.N. n'a aucun effet sur le transport de

thymidine, mesuré a 48 hrs aprés 1'addition de Con A. Il serait donc rai-

sonnable de conclure du‘appr%ximativement la méme quantité de 3H-thymidine

est disponible pour fncorpoﬁatioﬁ*dans 1'ADN des’ cellules témoins et celui
des ce]]ulés irradiges aux U.V. -

Donc, les effect prfnt{;aux des rayons U.V. sont sur 1'apparition du
systémé qui synth&tise 1'ADN pendant la phase $ du cycle ce]luiaire et non
sur 1a fonction de ce systéme ou de celui qui transporte Ta thymidine a
travers la membrane du lymphocyte. _— .

‘ On a observé que les rayons U.V. empéchaient & 24 heures dans les
cellales qﬁi ont &té irradiées 3 O heure (avant 1'addition de Con A), tandis
que dans celles'irradiées 16 heures aprés 1'addition de Con A, la decon-

densation ‘nucléaire continuait normalement.

f e At L
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Vu qd'une faible dose de rayons U.V. produit des dommages irréversibles
-~ -
ét apparemment irréparables, cela pourrait constituer un systéme utile

pour 1'&tude de 1a fopction cellulaire.
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CHAPTER I _
INTRODUCTION .

4

The lymphocyte (one of the most ihvestigated groups
of cells) is found in virtually all higher animals which
have developed an immuﬁ; system. This cell exists in a
res?ing state with little metabolic actiVity, and under
certain conditions it can be induced by agents to undergo
a variety of morphological and metabolic changes (called

blastogenesis) wuntil it is a fully activated. immune cell.

Although the lymphocytes are small they‘are very
motile and are reéognized to be an integral part of the
human defense systéﬁ agaiﬁst foreign c¢ells and materials,
being responsible for virtually all specific immune reactions

{(Roitt. 1974).

The major emphasis and purpose of this work ‘has been |
to attempt to elucidate the cause (s) by which UV
inhibits blastogenesis of lymphocytes.

N \

Effects of Ultraviolet Radiation on animals cells'

It has been known for many years that the maximal

bactericidal effectiveness of ultraviolet radiation is in

the UV~-C region(200-290 nm). The absorption spectra of
many bacteria have a peak near 280 nm, where aromatic ami-

no acid residues of their proteins have maximum absorption.



-
Il

p The bactericidal action spectrum in most experimen-
tal conditions corresponds to the gbsorgtion'spectrum of
the nucleic acvids DNA- and RNA, both peaking at about 260
nm. It has been concluded that the priméfy ;vent in UV
inactivation or killing of bacteria results from-photo—
chemical alterégion of the cellular DNA. Furthermore in
many experimental circumstances, DNA replfzation is in-
hibited by lower doses of ultraviolet radiation than is
RNA sYﬁthesis or protein synthesis. For this reason,
research has been concentrated primarily on the effects
of UV absorption by nucleic acids and proteins occurring

at wavelengths shorter than 300 nm.{(Parrish,et al. 1978).

In vitro and in vivo, in both prokaryotic and euka-
ryotic cells, one major molechlar consequencé of exposing
DNA to ultraviolet radiation is the formation of pyrimidi-
ne dimers. Thygidiﬁe d?mers have received the attention,
perhaps because DNA is easily labeled with (3H) thymidine,
and the dimers are an acid stable DNA photoproduct that

Y

may be easily isolated.

In some systems, however, other dimers, such as cyto-
sine-cytosine and cytosine-thymidine, make up the largest

percentage of dimers. (Setlow and Carrier 1966).

Other DNA phbtoproducts are known to occur, including
other dimers, hydrated pyrimidines, and cross-links between
two strands of DNA, as well as between DNA and protein.
(Smith, X.C. 1974). '

v
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DNA strand breakage; local disruption of hydrogen
bonds, and chapges.in RNA also occur when cells are irra-
diated. cChanges in RNA similar'to‘those in DNA certainly
occﬁr and may be more numerous events. However, changes
in RNA are not as evident or as éasy to measure as those
in DNA, because multiple copies of each species of RNA
may exist within a given cell, whereas one, or, at most,

a few copies of a DNA sequence may be present in bacteria.

Cell protein strégture may also be altered. bf uv
irradiation. Such protein changes would usmally have to
be extensive and numerous to affect the cell as severely
as do changes in DNA. However, many enzyme activities
can be shown to be decreased following UV irradiation.
Proteins may be primarily affected and enzymes may be
either activated or inactivated. The effects on proteins
may result from photochemical alterations of the individual
amino-acids of which the prbteins are composed.
Decarboxylations, deaminations, and ring breakage occur.
Among the more sensitive targets are the aromatic amino
acids, especially tryptophan. The disulfide bonds of
cystine can be broken by ultraviolet radiation. (Parrish,
et al. 1978). '

Ultraviolet-induced changes in macromolecular syn-

thesis may have significant effects on cellular metabolism.




At  radiation doses that have little or no effect on
Ooxigen ‘consumption; there may be derangements in the syn-
thetic metabolism of the cell. These derangements affect
DNA synéhesis, RNA synthesis, and therefore protein_and
enzyme synthesis. The eventual changes in the cell may
therefore be profound. Because of DyA's essential role
as the template for synthesis of RNA, which in turn codes
for protein synthesis, many of these Other processes

induced by ultraviolet radiasion are less important (Pa-
rris, et al,, 1978).

. ”» :
Funtional enzymes, however, are necessary for the
.

repair of damaged DNA. The effegts of ultraviolet on ani-

mal cell are complicated, ang hundreds of UV-induced chan-

9es have been noted. The effects usually mediated by wa-

velengtﬂé shorter than 320 nm have been summarized by Giese
(1965) and Painter ' (1970).

Organisms have evelved a series of enzymic repair me-
chanisms for the repair of DNA base damage. Three major

pathways have evolved in prokaryotes and most eukaryotes
for that purpose:

- 1. Photoreactivation of cyclobutane-type pPyrimidine

photodimers. , ‘

2. Excision repair.

-3. Postreplication or recombination repair.

.
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p
All these three enzymicrepair mechanisms are fully

described elsewhere, Hart, R.et al (19785.

1. Photoreactivation:

The photoreactivation ‘repair system is specific -for
monomerization of UV-induced cyclobutane type pyrimidine
dimers. The photoreactﬁvation enzyme binds to irradiatgd
DNA at a’cyclobutane-type pyrimidine dimer. -In the
presence of photoreactivating light (300-600 nm),the eﬁzyme
is activated, converting the dimer into two monomers, Of
all the many photoproducts made by UV irradiation of cellular
DNA, only the gycloﬂutane—tyﬁe pyrimidine dimers are affected

by enzymatic photoreactivation. Thus, photoreactivation is a

diagnostic tool that may be used to discern the role of select-

ed alterations in the secondary structure of DNA with regard

to their biological function.

2. Excision Repair:

In its simplest form, excision repair involves the re-
moval of damaged parental DNA by a comple# of enzymes. F“The
damaged segment is removed and replaced by DNA synthesized
using the opposite strand as a template. Excision repair
may be measured by assaying: (1) the removal of known lesions
such as thymidine dimers. DNA-DNA crosslinks, or DNA carcino-
gen complexes; (2) the production of single-strand breaks
after treatment of cellular DNA with semi-site specific of
crude repair endonucleases; or (3) the measurement of repair

synthesis following excision.

J L UNE TP DOl
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In human, but not in many rodent cell systems, at the
single~cell level, repair synthesis following exposure of
- cells to UV radiation is equated with unscheduled DNA syn-
thesis(Hart and Setlow; 1974). This in turn is measured by
the incorporation of radioactive precursors'into DNA during
periods in the cell cycle when DNA is normally not being
synthesized or into cells whose normal semi-conservative DNA

synthesis has been retarded by hydroxyurea (Hart and Setlow,
1876} .

2

~2.a Recognition and Incision:

The process of excision repair involves four general
steps: %ncisioﬁ, excision, pqumerization and ligation, The
first step in the excision repair probess involves recogni-
tion of the aamaged site in the DNA by an endonuclease or
N-glycosidase. These enzymes can be use in the quantita-
tion of DNA damage., Further bf ekamﬁgzgz the disapperance
of specific forms of DNA damage as a\fungtion of cell cy-
cle, a determination as to the mutagenic potential of spe-
cific forms of bNA lesions with regards to DNA replication
can be made. |

v

The N-glycosidases catalyze the hydrolysis of the
N-glycosidic bonds of the damaged nucleotide residues but,

unlike endonucleases, do not cleave phosphodiester bonds.
. Az
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The reaction products after the action of ohe type
of N-glycosidase are a free uracil and partly. depyrlmldl— -
’nated DNA of unaltered chain 1ength (Llndahl 1976). 1t
has been suggested that in bacterial systems, endonuclea-
se II and N~glycosidase méy act together with endonuclea-
se I nicking the DNA backbone.at the apyrimidinic site
(Kirtikar and Goldthwait, 1974).

The endonucleases involved iﬁ excision iepair may
act on many types of damage, although ﬁhere seems to be
specificity for the types of damage they act upon {(Hart and
Trosko, 1976),

2.b Excision: —

The second step in the excision procesé involves the
activity of an exonuclease that degrades denatured but not
native DNA (Kaplan et al, 1971). Following site recognition
and nicking by an eﬁdonucleaseé, there is subsequent degrada-
tion by an exbnﬁclease,'which-results in reléase of the da-
maged region as well as a limited number of the other nucleo-

tides. : .

e

2.c. Repair replication:

Y

The third step in the excision repair process involves

the activity of a DNA repair polymerase.

-~
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The DNA repalr polymerases isolated from either M

luteus or E. coli are assoc1ated w1th exonuclease act1v1-

ty, and have the ablllty to excise pyrlmldlne dimers from
inciseqd Uv—lrradlated DNA. In order for the DNA polymera-

se to act in excision repair, a 3/-0h site nmust be produced
followed by the reinsertioﬁ of ‘nucleotides prior to termina- -
tion by a polynucleotide ligase. To date no single enzyme )
has been isolated from mammalian cells with the c0mb1ned
excision and polymerlzlng activities equlvalent to' E COll.

DNA polymerase I (Hanawalt, et al., 1979).

2.4 Ligation:

The final step of the excision repair process is the
sealing of the newly synthesized DNA to -the parertal DNA by
the action of a polynucleotlde llgase This step in exci-
sion repair might lead to mutatlon by abortive repair when
nicked DNA is resealed by ligase actiOn prior to removal of
the damaged reglon thereby enhancing the probablllty of
either misincorporation or subsequent misrepair.

3. Postreplication Repair:

\.

Postreplication repair, which presumably may be either

error-fre or error-prone, is a process in which DNA, newly

synthesized‘from a defective or damaged template,is repaired.
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Postrepllcatlon repalr is usually studied by observ1ng
that the newly synthe51zed DNA. from damaged templates con-
tains gaps that disappear w1th time. In human cells, the
the number of gaps’ approximately equals the number o£;2e51ons. .
" This system is 1mportant in actlvely d1v1d1ng cells and
‘cells that have been induced to divide. xp. -« varlant" cells,
which are normal for excision repair, have been shown to be
defectlve 1n pPostreplication repalr However, in cell cul- i
tures that have been treated with either phy51cal or chemi-
cal mutagens and DNA repllcatlon blocked follow1ng such
treatment the: mutatlon frequency per ddse decreases as a
function of the duration of mitotic blockage. These data
suggest a role in mammallan cell mutagenesis for an error-

prone postrepllcatlon repalr system as well as mlslnsertlon
L4

durlng DNA repllcatlon

P . . -
4. Measurements of Exc1sion—Repair (Cleaver, J.E. 1980)

4.a bNA'repaif pathways

Exposure to DNa damaging agents is :Often followad by
exc1s10n repair during. Whlch cells attempt to remove dama-
ged ollgonucleotlde regions and resynthesize small replacd-
ment patches.: It was convenlent to think of two maln bran-

ches-'nucleotlde and base exc151e;§repa1r.
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. strand scission at a dimer site by the M. luteus enzymes re-

10

Nucleotlde excision repair ‘occurs following exposure
to UV light.and many agents that form large adducts in DNA
(Cleaver 1973: Regan & Setlow 1974). This kind of repair
is defective in 7.complementation groups of XP, and was
thought to be initiate@ by endonucléélytic cleavage 5' to
to the dimer and result in a'relatively'large patch' up to
100 bases, whose size may Pe regulated by chromatin structu-
re (Cleaver 1977,1980). Base excision repalr occurs after

exposure to alkyléting agents or thermal deamination. No ,

- base excision defective mutants are known in human or other

mammalian cells. The repair system is initiated by a glyco-

‘lytic cleavage that releases the damaged base and results in

a relatively small patch of a few bases. Recent observatioqs
indicate that the initial step of excision repair of UV
induced pyrimidine dimers by e;Eymés from T4 infected'E coli
or M, luteus occurs by glycolytic cleavage of the 5' thymldl-
ne of the dimer (Haseltlne et al., 1980). They propose that

quires two activities, a pyrimidine dimer DNA glycosylase
and a apyrimidinic/apurinic endonuclease. If this mechanlsm
occurs in eukaryotic. cells the distinction between nucleotl—
de and base excision repair is blurred and some of the ob -
served experimental differences between these pathways will
need revised interpretatign- Work by a number of investiga-
tors suggests that normal human.cells repair fadiatidn dama-

ge by two rather distinction mechanlsms. The distinction is-

'clearly seen with a repair assay which yields information on

the size of the repalred region. (Regan, et al., 1971).

T s e S N e
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In the repair of DNA single strand breaks such as those

induced by ionizing radiation, after the initial break there
is very limited excision and replacement of bases; highest
estimates suggest perhaps three nucleotides aré involved. The
break is quickly closed by ligasg. This “short patch" repair
is completed within sixty minutes or less after a dose of 10
) Krad.' In the repair of ultrav1olet (UV) damaged human DNA, the
DNA is not broken by the irradiation but the symmetry of the
helix is disorted in ‘the region of.the pyrlmldlne dimers lndu—
ced by the UV irradiation. Normal human cells apparently- po-
8sess an endonuclease capable of recogﬁizing this disgortion
and of making a single strand break near the dimer. There fo-
llows an extensive excision and replacement of bases (~100).
This "long pach" repair may take 20 or more hours to complete

after doses of UV irradiation of from 56—150 ergs/mmz/Sec
(Regan and Setlow. 1975). :

Ceil cultures develéped from most patients with xero—
derma pigmentosum (Cleaver, J.E. '1968), show greatly reduced
"long patch” repair after uv irradiation but are capable of

-normal "short patch" repair after ionizing radiation. Results
with:a number of chemicals capable of damaging DNA séggest ¢ .
that such chemicals induce radiomimetic'repair-pr0cesses.
(Regan and Setlow. 1974). That is, they induce either long
Or short .repair in human cell DNA. Those agents which induce
long repair in normal cells produce greatly reduced repair in

xeroderma pigmentosum (XP) cells.
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If human cell cultures are y-irradiated under nitrogen,
certain UV-like damages appear to be induced as evidenced

by reduced repair of these damages in XP cells.

Effects of UV Radiations on Immunologic Functions.

There are two reports in the literature suggesﬁing that
UV radiation has local, as well as systemic, immunological
effects. In 1963, Haniszko and Suskind reported that UV °
irradiation of guineé pig skin rendered it unreactive .to

topical challenge doses of DNCB.

[ Challenging an unitradiated site on the same animal
produced an apparently normail delayea .hypersensitibity
reaction. This implied that only the local effector por-
tion of the reaction was inhibited and that systemic immu-
nity was unaltered. Unfortunately, this interesting

.observation has not been pursued, and the mechanism respon-

siblé for it is unknown.

A more recent report by Horbwitz et ‘'al. (1974) des-
cribed what may be a similar.phehomenon in a, human'
Fubject. This individual exhibited a prior delayed hy-

. persensitivity reaction to a bacterial antigen

‘(Streptokinase—streptodorgase).




by

Uv‘i;radiation of the skin-test site with a germiéi—
dal.lamp'(méinly 254 nm radiation)-sixrhours after injec-
tion of thé eliciting dose of antigen markedly reduced
the 10cal'reactibnf In contrast to Haniszko and Suskind's
finding, however,;topical UV treatment of the test site
at other'£imes.(i,-e., prior to injection of the challen-
ge dose) did not 'dimminish the reaction intensity

(Horowitz et al., 1974).

* 1.B.1 Uv_irradiation of lymphocytes in vitro
This observation by Horowitz et al.,{1974) is inter- -
preted by them as illustrating the lethal effect of UV

radiation for lymphocytes in vivo.

In this same study (Horowitz et al., 1974), these
authors show that T lymphocytes from both mouse and man are
more sensitive to killing by W irradiation in vitro than
are B_lyﬁphocytes'(antibody-forming cells and their progenié
tors). Thus, topical irradiation of a skin-test site within
a few hours affer antigen challenge mightgﬁnactivate the T '
lymphocytes that accumulate at the site of injection, thereby
preventing the subsequent chain of events ¢onstituting a po-
sitive skin tést reaction. Although this interpretation is
consistent with the in vitro lymphocyte inactivation studies,
there are"many possible interpretations that are equally li-

kely.
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In addition to the lethal effects of UV light on

lymphocytes, there is a more pertinent and subtle effect,

. which was described first by Lindahl Kiessling and Saf-

wenberg (1971) and later by others (Lafferty et al.,1974:
RG1linghoff and Wagner, 1975; Wagner and R&llinghoff,
1976). Irradiation of lymphocytes in cultur; with suble-
thal dose of UV light from a germicidal lamp rendered them
incapable of serving as stimulator cells in an allogeneic
mixed lymphocyte reaction. Measurements of surface antigens
of the major histocompatibility complex indicate that the

failure of these cells to stimulate allogenic lymphocytes

- to proliferate in vitro was not due to loss or alteration

of these antigens (Lindahl-Kiessling and Safwenberg, 1971;
Lafferty et al:, 1974).

Instead, there seemed to be loss or blocking or inac-
tivation of the lymph0cyte-activating'&eterminants(Ia an-
tigens) that are requiped for the initiation of the primary
proliferative response of T lymphobytes, and for the pri-
mary induction of cytotoxic T-effector lymphocytes
(R611in§hoff and Wagner,. 1975 ). Thus, in vitro UV irra-
diation of lymphoid cells has the peculiar feature of
selectively inactivating the cell-surface determinants
that are essential for certain cell interactions in the

immune response.
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The implications of this phenomenon for the in vitro
deficiencies exhibited by various ﬁv—irradiated sﬁbjects
are still unclear.However, if this phenomenon also occurs
following in wvivo irradiation, it is quite probable that
it would perturb some of the cellular interactions that
occur during the course of an immune response. Ia antigens,
which seem to be the target of uv irraéiation of lymphocy-
tes in vitro,also occur on macrophages and are thought to
constitute part of antigen- "recognition structure" complex -+
that triggers T lymphocytes to initiate an immune response
(Benacerraf & Germain, 1978). Recently, Ia antigens also
have been found on Langerhans ceélls, which reside in the .
epidermis (Klareskog et al., 1977: Rowden, et al., 1977; .
Stingl,et al., 1978). 1t is tempting to speculate that the
defect in antigen processing that they described in uUv-irra-
diated mice (Jessup,et al., 1978) might be related to the
destruct@on of Ia antigens on macrophages or Langerhans
cells residing in or circulating through UV-irradiated skin

(Kripke, M. 1980). : )

The altered responsiveness of'UV—irfadiated mice, as
measured by delayed-type hypersensitivity (DTH) and primary
in vitro plaque-forming cell (PFC) response to T-dependent:
antigens, has recently been correlated with a funétional
defect|in the splenic adherent cell (SAC) population of
these aNimals (Greene, et al.,&1979; Letvin, et al., 1980).

o

{l
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In the report published by Letvin, et al., splenocy-

tes from mice receiving whole-body UV irradiation do not

make a normal primary in vitro plaque forming cell res-

ponse to the soluble T-dependent antigen trinitrophenyla-

ted poly (L-glutamic acidBOL—a1anine60L—tyrosine10).

This impared immune respomnse results from a selective
loss of antigen-presenting cell (APC) function in the

splenié adherent cell population of the UV-treated mice.

Thesis Approach.

This thesis used lymphocytes as a model of cell proli-
feration in an attempt to.elucidate the meéhanism by which

UV causes the inhibition of DNA symthesis.

We were hoping to be able ta demonstrate nuclear damage

and repair on lymphocytes, but this was unsuccessful.

We then attempted to demonstrated reproducible UV effects
on the.cell surface. Another purpose of this thesis was to
try to show whether the activation process was affected by w o
irradiation or whether the effect was mainly directly on the

nuclear DNA or on its replication and transcription. It was

" dlso a purpose of this thesis to determine if cells close to

S phase were more sensitive to UV than cells in other stage

of the activation process.

th
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CHAPTER I
MATERIALS AND METHODS

Culture of human peripheral blood lymphocytes.

2.a.1 Preparation of cells-

Peripheral venous (120 ml1.) from healthy human
donors was withdrawn into 60 m1. syringes containing
2-3 ml. of sédium heparin (100 U/ml). The content of
each syringe was mixed with 40 ml of RPMI - 1640 cul-
ture medium K Flow Labs ). This diluted blood mixture
was gently layered onto 15 ml of Ficoll Pague (Pharma-

cia) in 50 ml pPlastic (Falcon } tubes.

These tubes were then Spun at 400 g for 35 min at
18-20°¢. Following centrifugaiion each tube contained a
vellowish upper layer of mostly plasma and platelets, g
qistinct band of lymphocytes, a clear area of Ficoll, and
finally a pellet containing pPredominantly agglutinated
red cells and granulocytes, The plasma layer was quickly‘

removed to within 3-4 ml above the lymphocyte band.

Lymphocytes were removed by using a sterile Pasteur
Pipette and transferred to clean, sterile 50 ml tubes,
Between 25-30 mls of RPMI 1640 culture medium was added
to each 20 ml of lymphocytes-rich solution, mixed well
.and centrifuged at 400 g fof 15 min at 18-20°C, the su-
pernatant was removed and the lymphocyte pellet resuspend-
ed in fresh culture medium in {50) ml sterile, plastic
(Falcon) tubes. |
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A second wash was carried out spinning at room
temperature for 5 min after which the cells ,were resus-
pended in RPMI-1640 culture medium centaining 15% fetal
calf serum and 1% penicillin (100 IU/ml) . streptomycin
(10bmg/ml) (Difco Labs). Before adding the cells to
medium, the pH wés adjusted to 7.2 by using 7.5% NaHCO3.

2 culture flasks

Cells were cultured in plastic 75 cm
(corning) at a cell concentration of 1x10% lymphocytes/ml
in incubator at 37°C. Sterile conditions were maintained

throughout the separation and culturing procedure.

2.A.2 Cell concentration and viability determination.

Cell concentrations were determined using a standard
hemocytometer. Before counting, cells were diluted (1:20 )
with 0.1% gentian violet in 0.2% acetic acid which stains
the nucleus and }yses any remaining red cells. . At least
200 cells werexcounted to determine cell concentration for
each sample. The purification protocol yielded cultures
containing 95% lymphocytes with viabilities of usually

92-95% as assessed by trypan-blue exclusion.

2.A.3 Mitogen

Concanavalin A(Con A) (Calbiochem) was added at a
final concentraéion of 25 pg/ml to human peripheral lym-
phocytes.

Y St JRPCR P W
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~ This was added either prior to distribution to the
flasks or disposable tubes, or before or after UV irra-

diation of the cells: |,

Dose response curves were occasionally done to check
the Con A stock for mitogenic activity. Cells were cultu-

red with Con A for different intervals of time (22,36,44
hrs),depending on the time of UV irradiation.

UV _irradiation:

Prior to the exposure of lymphocytes to UV they had
been in Con A for different time as descr;bed above. To
remove the cells from flasks a rubber pollceman was used,
s0 that few or no cells were left in the flask, since

Con A stimulatgd.lymphocytes stick to flask walls.

After the cells were centrifuged, (400 g for 5 min )
and counted, they were resuspendea in sterile phosphate
buffered saline (PBS) at 2 x 106 cells/ml. 5Smls of cell
suspension were poured into small sterile petri dishes
(60 mm).

°

Lymphocytes were exposed to UV light for wvarying

times at a rate of 6 ergs/mmz/sec. The Uv light source

- was located 66.5 cms above the cell suspension.
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The UV lighf source was a General Electric germici-
dal lamp (Gl5T8), 15 watts U.S.A.,, which was turned on
for 20-30 min. before cell exposure. Calibration of the
lamp was carried out using a Black-Ray ultraviolet Meter,
Model J-225 (Ultraviolet Product, Inc. San Gabriel Cali-

fornia, U.S.A) which was borrowed from Dr. Peter Fitt.

Fig. 2.1 shows the calibration of the lamp.

Assay for DNA synthesis

To measure DNA -synthesis, the incorporétion of
( 3H)—thymidine-(4oci/mm, Amersham) was ‘assayed at 24,
48,96 and 120 hrs. The isotope was added.2 hrs prior

. to harvest in 50pl PBS to a final concentration of

2pCi/ml. Cells were kept in an incubator at 37°C.

To harvest the cells, either manifold or harvester
was used; when I usgd the harvester, the stimulation in-
dex was usually greater than that obtained using the ma-
nifold. By using the harvester, lymphocytes were lysed
by pumping water through the fllters, which were partially
dried by vacuum, removed from the harvester and left to
air dry. Dried filters were placed in small plastic vials,
filled with 4 ml of scintillation.solution (Scintilene,
Fisher ) and counted on the Beckman model LS233 11qu1d

scintillation counter for 2 min.
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Figure 2.1.
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Calibration of UV lamp. Its calibration was

- carried out using a Black~Ray ultraviolet Me-

ter, Model J-225.

21

i

e R et e i et o

- aa S e




1

60f
50
40|
.
8 "
N
£ 30+
£
~
7))
9 LY
w 1
20" \
| IO-./ / \
1 |
Y 20 40
Distance from the source (cm) -



23

2. D. Assay for RNA S%nthesis

-

In experlments measuring RNA synthe51s the incor-

" poration of (5, 6— H) uridine (40 Ci/mM. Amersham) was

assayed at 3, 10, 24, 48, 72 and 96 hrs.The isotope was
added in 100 pl PBS. to a final concentration of}? nCi/ml

to the culture 2 hrs before ‘harvesting.

Assay for Protein Synthesis

s

In the assay of protein synthesis, leuc1ne-depleted
medium ( no leu ) from Gibco was used ( onily for those
irradiated prior to addition of Con A ) to avoid competi-~
tion with cold leucine from RPMI 1640 medium, as suggested

by Dr. Patrick Lai.

The incorporation of L—(4,5—3H) leucine (Amersham )
was assayed at 3, 10,24, 48\\72 and 96 hrs. The isctope
was added to culture 2 hohrs'prlor to harvest in 100 nl

PBS to a final concernitration of 10pCi/ml.

In the last two cases, manifolds (Millipore) contain-
ing twelve wells each were used to layer cells onto glass
microfibre filters (Whatman type GFC), having a diameter of
2.4 cm. BRefore samplingreach f;lter was moistened :with
phosphate buffered saline (PBS). A 0.5-1 ml sample of
cells ﬁas washed onto the filters using 20-30 ml of cold
PBS.
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Finally all cells were lysed with 5% cold trichlora-
cetic acid and methanol while layered on the filters SO
that the intracellular isotope which was not incorporated
into the RNA or protein was washed.through the filter.

Fllters were partially drled by vacuum, removed form
the manifold.and left to air dry. Dried filters were pla-
ced into glass vials, filted with 8-10 ml of scintillation
solution. .

- The bars in figures indicate tﬁe range of_‘alues ob- -
serued. In all cases survival curves were followed at the
tlmes when those parameters were measured and irradiated .
(84,120 ergs/mm /sec. '

A c [3 J=C A bindi . o

After lymphocytes were irradiated, centrifuged, re-
suspended and counted to have a final concentration of
5 x% 106'cells/ml in'caIcium—and—maghesium—free phosphate
buffered saline (CMF-PBS), they were labelled witﬁ 100 nl
(3H)-Con A(New England Nuclear) isotonic saline(,25% NaCl)
for different intervals of time(S, 10, 20, 40 and 60 min )
ﬁo a final concentration of 1 pCi/ml. Finally both unirra=-

diated and irradiated cells were incubated at 37°cC.

¢
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-

Manifolds (Millipore) containing twelve wells each,
were used to layer samples of lymphocytes onto glass mi-
crofibre filters (Whatman GFC). briorito sampling, the
filtéré were moistened with 0.5 ml of 0.5% bovine serum
albumen (BSA) and vacuumed through the filter. This BSA
treatment of the filters was repeated 3 times to reduce

K

non-specific sticking of the isotope to the filters.

When 1 ml samples of cells were pPlaced in the wells
on the filters, the empty tubes that contalned the sam-
ples were fllled 3 times with ice cold CMF-PBS and emptl—
ed into the wells. The supernatant and washes were then
vacuumed and washed through the filters with 20-3Q ml ice
cold CMF-PBB, leaving the labelled cellé to be counted
( Jones, G. 1973):"

The filters were dried, placed into vials, and counted
as describedt To determine the percentage counts from
sticking'ﬁr binding of the (3H) concanavalin A(3H-Con A),
filégrs treated first with BSA, and then with 3H-Con A in
CMF-PBS were routinely used as blanks for all the binding
experiments (two for each sampling time). When just culture

medium and the 3H-Con A {no cells), were used the same

background was recorded. This meant the background counts
3g-con a to the filters
(Mike H. Repacholi Ph D thesis). 4 .

/

were due mainly to sticking of the

<
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2.F.1 Determination of the number of Con A Binding Sites on

Human Lymphocytés

To determine the number of binding sites for Con A
on human lymphocytes, it was first necessary to calculate
the counting efficiency of the liguid scintillation coun-
ter. .

This was achieved by adding 1 pci of con A to a fil-
ter paper within the counting\vial, drying, and then adding

the same yolume of sciﬁtilene as with experimental samples.

Counting efficiency (C.E.) was then determined using |

C.E cpm (1 pnCi counted in system)

dpm {from 1 pci)

The counting efficiency was found to be (12.24 % 0.65)
x 10-2_ ' '

The number of Con A binding sites oﬁ the lymphocytes
was determined knowing ‘the activity of 3H1Con A bound to
cells, as measured by the liquid scintillation counter.
This was converted to total désintegrations/hin bound to
the total number of éélls/ml by dividip&‘\by tﬁe counting

efficiency.

Converting the desintegrations/min to Ci and dividing
by the specifié activity of the 3H—COn A (Cci/mlMol) one
obtains the number of m Mol of 3H-Con A in cells, or the
number of m Mol/cell by dividing this by the total number
of cells/ml.
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If the number of atoms of con A bound per cell is

equivalent to the number of binding sites/cell, then mul-
tiplying Avogadros number (atoms/mMol) by the number of

mMol of Con A/cell gives the number of binding sites for
Con A/cell.
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2.G6. Potassium influx

After lymphocytes were irradiated with 84 ergs/hmz,
they were concentrated to a 1.5 x 10® cells/ml and con A

was added for 2.5 hr.

At specified times after mitogen addition approxima-

tely 40nci (in 25 pl) of 86y Lore added to each ml
sampled by centrifugation of 200 pl aliguots of culture

through a mixture of corn 611 (Mazola) and n, n-dibutyl-
phthalate (10:3) on a Beckman microfuge (Oliver and Pa-

/fterson: 1971)
,»/_

The tips of the tubes were cut off and radioactivity
in the pellet and the supernatant counted in a gamma
counter.

Conversion of the 86Rb data into K¥ uptake was

performed according to equations 1 and 2

1. SRM (counts/fmole K*) counts/ml. .
T~  Z (ImoTIes/mT)
Where SRM is the specific radioactivity of the medium

‘and Z is the concentration of K' in théﬂ;supernatant,
5.4 x 10° fmoles/ml.
2. x* uptake {fmoles/cell)

' _ {counts/pellet)-{counts in trapped medium)
- SRM x viable cells/pellet

PRSI S SN
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In this experiment, correction for trapped space
was done using a zero time uptake; cells and isotope
were pre-cooled at 4°C for 15 min mixed rapidly and

immediately sampled and spun within 15-30 sec of mixing.

Means of Rb influx presented herein 'are accompa-

nidd by their standard errors ({SEM).

Preparation for Electron Microscopy.

Resting and stimulated human lymphocytes were irra-
diated (84 ergs/mmz) and prepared for electron microscopy

using standard fixation, dehydration and embedding proce-

dures.

In brief'the following procedures were %onducted:
Irradiated and non-irradiated were placed in an équal volu-
me of‘2%.forma1dehyde, 2% glutaraldehyde in 0.05M sodium
cacodylate buffer (pH. 7.2) at room temperature for 1 hour.
Cells were washed three'times (5 min each) in 0.05M 'sodium
cacodylate buffer (pH. 7.2 ). ,

Cells were pelleted and resuspended in 1% 0sO, in 0.05M soL
dium cacodylate at 4°cC fof 1 hour.

Cells were washed three times as described in step 2.
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Dehydratation:

, -
Cells were dehydrated in (25,50,70%) ethanol. Lymphocy-
tes were kept 15 min in each alcohol after they had been
centrifuged. }
Cells were left in the refrigerator cvernight.

Two changes in 95% Ethanol for 15 min each.

Two chénges in absolute ethanol for 15 min each.

Two changes in propylene oxide for 15 min each.

Warm to room temperature.

Embedding:

Lymphocytes were left in ‘
Propylene oxide /resin mixture (3:1) fér 1 hour.
Propylene oxide /resin mixture (1:1) for 1 hour.
Propyléne oxide /resin mixture (1:3) overnight.
Pure resin mixture for 24 hours.
Place tissue in capsules filled with fresh resin mixture.
Place capsules in ordinary oven at 78°C. Allow polimeri-

zation to proced for 48 hours.

Measurement of thymidine transport:
7

Lymphocytes were irradiated (84ergs/mm2/sec) after
44 hrs in Con A and the thymidine transport assay was
carried out at 48 hours.

Thymidine transport in human peripherai lymphocytes
was measured by modification of the rapid saﬁbling techni-

gue of Strauss (Strauss, et al. 1976 ).




Cells were removed from Corgiﬂg incubation flasks,
washed twice and suspended in LMGB {leukocyte medium p.H:

7.4-7.6, containing glucose and bovine serum albumen) at

2 concentration of 10.0 x 106 cells;gi. IMGB consisted
of 10mM sodium phosphate buffer, (PH. 7.5), 0.9% - Nacl.
0.1% bovine serum albumen 5x crystallized ( Sigma ) and

5mM glucose (Fisher).

Transport was measured by mixing egual volumes
(0, 25 X 0,25 ml) of cell suspension with thymidine at
the desired concentration at 15 or 30uCi/m1 in  LMGB,
after the appropriate incubation time (15-60 seconds) 200
ul of réaction mixture was layered into a 400 pl microfu-
ge tube (Canlab) containing 50nl of 7% perchloric acid as
the bottom layer and 150 ul of silicone oil (12 volumes
of Dow Corning 550 fluid and 13 volumes of Dow Corning
510 fluid). '

The tube was spun at 10,000 rpm for‘20 Seconds using
a Beckman‘ﬁicrofuge.' The microfuge tubes were frozen
in ethanal /dry ice and the tips sliced into a scintilla-
tion vial for counting. cell digestion was accomplished
overnight with 1.0 ml of Protosol (New England Nuclear )
at 37°C. This was then neutralised with 100 HL glacial
acetic and counted in 7 m1l of scxntlverse Counting
efficiencies, which ranged between 24-35% were determined

by internal quench correction.
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A method of determining non-specific associated la-
bel was considered better than subtracting the intercellu-
lar volume because it accounts for non-specifific adsorption
to the cell surface as well as for label that might be found
in the intercellular space. Vvalues in this range were routi-
nely subtracted from cell-associated radiocactivity at lower
external thymidine concentrations in order to determine

transport value (Rudd, C.M.Sc. Thesis).

Figure 2.3 shows the external quench curve, where S
represents standard of guench samples, given by the counter
machine. To get the counting efficiency for each samples,one

has to divide the counts'per minute (@pm) over the desintegra-

-tion per minute of each sample and multiply by 100.

N.B. Photolyase enzyme responSLble for the monomireza-
tion of thymidine dimers on DNA damaged by UV irradiation,
has a weak activity on leukocytes. Therefore, it cannot be
accounted any possible reduction in dimers on bNA that may
result from its action. The photolyase enzyme also requires
special conditions for its action such as: Special medium,

temperature etc.




Figure 2.2:
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. Thymidine. transport guench curve:
Quench samples were counted in a Beckman Scintilla-
tion counter for 10 min counting efficiéncies were

determined by dividing CPM over DPM and multiplying

. by 100 as described in Materials and Methods.

1 T s uSE




j

06

0.2

SO

40'._

Aouanoiye o_._:c:oo

o7

0.5

04
Standard duerlch sample

03

Ol

——e L KA




Statistics

The modified t test was used to-determine the
statistical significance between two points. This
test takes into account any differences that may
1 a, ). If

the standard'deviations are not compatible (a conser-

Occur in the standard deviations ( a

vative assumption), then the degrees of freedom (df)
for the t test dete

ined using the formula:

. . [ a2/ ay? /ey -1)7]

[ a1?/00-1)7) /o901 [ 2,7/9ym1) ] /uye1 )
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Where Nj; and N, were the number of samples used:to

a) and d; respectively.
The value of t was determined using:

X - X_¢
1 %2

2 2
ay /(Nl—l) + a, /(N2 -1)

With the values of t and df known, the level of
significance for the two-tail test was then determined
by referring to tables listing the distribution of ¢t

for given degrees of freedom.

\ |

"~ determine the means El and ié » and standard deviations
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The Koimogorov—Smirnov two samples test (Siégel
1956) compares théﬂdistribuéions as a whole by finding
the maximum difference between the two emperical dis -

\\gributions and determining whether this difference is
significant,%giVen that the population distributions

were equal.

DNA repair synthesis-— Autoradiography ¢

To determine if UV light produced repair to dama-

ge in the DNA, the following procedure was undertaken:

(i) - Lyﬁphocytes were isolated and stimulated with Con
A for 20 hr, then
(ii) Cells resuspended in PBS and exposed to dose of .
84,ergs/mm2 UV. Immediately éfper, cells were cen-
trifuged and labelled with 3H—thy(lO'uC‘i/ml) for
2-hr.
(iii) -Cells-were washed twice in cold PBS, resuspended
in 1 ml PBS + 1 ml 2% gluteraldehyde in 0.1 M
POyg (pH 7.2) and left overnight. )
(iv) Cells were pelleted, resuspended in cold BEB"and
'y left 30 min (On ice).
(v) Step (iv) was répeated twice again
(vi) cells were pelieted, and resuspended in 4-5 drops
" of fetal calf serum.
(ﬁii) Cells were sﬁeared onto clean slides and air dried

overnight. - -

36




(viii)

(ix)

(x)

iy

Following 2 washes in PBS and 2 washes in distilled
water, the cells were air dried. -
Slides were dipped in diluted (1l:1 water 4 2% gly-

cerol) nuclear emulsion (Kodak NTB-3), dried, wra-

. pped light tight and kept in the refrigerator(4°cC)

for 2-3 weeks.

Following development, fixing and washing, the cells

on the slides were stained in a 2% solution of Giem-

sa for up to 15 min, tHen dried for silver grain

counting.

)




CHAPTER III
RESULTS

3.A  Gross effects of UV irradiation on growth and survival

curves: Irradiation at O h, 24 h, and 44 h incubation

with mitogen.

Figures 3.1, 3.2 and 3.3 show the effect of di-
fferent doses of yv light on DNA synthesis in Con A
\\,”)stimulated human lymphocytes when exposed at 0 (imme-
diately prior to addition of con A}, 24 or 44 hrs res-

pectively. In O hr uv cells, Con A was removed at 22hr.

Survival was determined in aill cases at 24, 48
and 72 hours. The figures show 3H--thymidine incorpora-
tion for each group of treated cells at the times des-

cribed above.

In figure 3.1 where lymphocytes were irradiated
at 0 hr with 30, 42 and 60 ergs/hmz/éec the incorpora-
tion of 3H—thy was reduced more than 60% compared with

. control cells. In the case of cdlls treated with 84,
120, and 150 ergs/mmz/sec, the inhibition of 3H—thy was

even greater (95%).v

As can be seen in the same figure, cell survival
dropped steadily to 45-50% in cells exposed to the high-
est doses of UV light (120, 150 ergs/ﬁmz/sec), while
it remained above 60 peraraﬁt in celis trgéted with lower

doses.
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Fig. 3.2 shows that in the case of cells irradiated
at 24 hr UV had almost no effect in lymphocytes exposed
to a dose of 30 ergsﬁmmz/sec,its effect starts to be seen
in cells irradiated with 42, éo aAd 84 ergs/mm2/sec, and
is well marked in those celis that were given a dose of

120, 150 ergs/hmz/sec. Also it can be seen that cell sur-

. vival dropped rapidly to 45-60% in cells exposed to 84,120

and 150 ergs/mmz/éec, whereas it remained above 70 per cent
at the other doses.

In fig. 3,3, ?ymphOcyteS'irradiated at 44 hrs shows
that at low doses, (30, 42, 60, ergb/mmz/sec)vthere was
some, inhibition from which the cells were able to recover.
But the inhibition was wel% marked at higher doses (84,120,
150 ergs/mm?/sec) from which the cells did not recover. Also

in the same figure cell survival dropped quickly to about 70
per cent in cells irradiated with 120-and 150‘ergs/hm2/Sec,
while it remained above 75 per cent in cells treaﬁed with
lower doses.

The difference in percentage survival might be explained

by the time at which cells were irradiated. For cells treated

.at 44 hrs, survival was only followed for another 24 hrs

(Fig. .3.3). However, cells given UV light at O or 24 survi-
vallcurves were followed longer, that is, for 72 and 48 hrs
after irradiation respectively (Figs: 3.1, 3.2). In =all
fiq, DNA synthesis decreased as the dose of UV light increased
reaching.its peak at 48 hrs. The effect was independent of ei-
ther fhe length of time in-Con A or when cells were treated

with UV light.
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Figure 3.1:

Incorporation of 3H—thymidine into Con A stimu-

lated human peripheral lymphocytes irradiated at

0 hrs, and their survival curves.

Human lymlhocyte cultures were prepared as des-

cribed Materials and Methods. Incorporation of

3 .

H~thymidine (2pCi/ml/2 hrs) was assayed at di-
fferent time points following UV irradiation and
Con A addition. UV doses varied. Resting counts

were 1.2-3.0 x 103 c.p.m.

" 40
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Figure 3.2: Incorporation of 3H—thymidine into con A stimula-

ted human peripheral lymphocytes irradiated at 24

hrs, and their survival curve.

Human, lymphocyte cultures were prepared as outlin-

ed in Materials.and Methods. The incorporation of

3
H-thymidine ( 2uCi/ml/2 hrs ) was assayed at di-
fferent time points following UV irradﬂgtion and

Con A addition. UV doses varied. Resting counts
1.5-2.5 x 103‘c.p.m.
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Figure 3.3: Incorporation of 3H—thy into Con A stimulated

human lymphocytes irradiated at 44 hrs, and

their survival curves.

Human lymphocytes cultures were prepared as
describ;d in Materials and Metzggsc The incor-
poration of 3H—thy (2pc;/m1/2, rs),was assayed
at different time points following UV irradia -
tion and Con A addition. .

UV doses varied. Resting counts ranged between

4.0 - 4.4 x ld3 c.p.m.
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Dose response curve:

The data of figures 3.1, 3.2 and 3.3 are plotted in
figures 3.4 and 3.5 as a percentage of control 1ncorpora—

tion of 3g- thy assayed at 48 and 72 hr versus dose of UV,

In figures 3.4 and 3.5, cells irradiated prior to
addition of Con A showed a sharg decrease of label uptake
as a function of UV dose lower than 84 ergs/hmz/sec, above

which the .slope ‘of the inactivation curve decreased.

In the same figures, statistical analysis of experi - v
mental results of lyméhocytes harvested at 48 and 72 hrs
showed that' cells irradiated either prior to addition of
Con A or 24 or 44 hr after being in the presence of Con A

were 51gn1f1cantly different ( p = 0.001 ) each other.

As in the case of the stimulated cells assayed at 48
hr, DNA synthesis at 72 hr was most sensitive to UV when
this was admlnlstered at the onset of culture with Con A
there was llttle dlfference between the sensitivity of. the

cells irradiated at 24 h or at 44 hr culture.

Since the 0 h cells are 30 h away from S phase, the
UV affects most stronglj the activation process rather

than the DNA synthesis -itself.




.

Figure 3.4;

Incérporation of 3H-

thy as a bercentage of control
at 48 hours,

Human peripheral lymphdcytes irradiated at 0,

24,
Oor 44 hrs puised with 3y

thy (2uCi/ml) for 2 hrs

were harvested at 48 hrs as described in Materiails
and Methods, '
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Figure 3.5: Incorporation of 3H-thy as a percentage of control -
at 72 hours.

Human peripheral lymphocytes irradiated at 0, 24
or 44 hrs were labelled with H-thy (ZpCLAnl) for
and harvested at 72 hrs as described in Materlals
Methods.

PR
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Comparative effect of UV irradiation on DNA, RNA, and

Protein Synthesis.

The previous section demonstrated a marked effect of
UV on DNA replication. . We wished to to extend this obser-
vation to determine the effect of UV light on RNA  and

protein synthesis by*mgasuring the incorporation of appro-

" priate radioactive precursors (3H-uri for RNA, 3H-ieu for

proteins) into Con A stimulated human periphefal lymphocy-
tes in vitro in an attempt to determine a threshold level
of exposure and to obtain-a rebroducible end-point for the

evaluation of the possible mechanisms of action of UV light.

It was also of interest to me to determine wheter uv
light could affect these events at early stages of activa-

tion (i.e. when irradiation is given at 0 hr).

Figures 3.6 to 3.8 show the results of the incorpo-
ration of the appropriate radiSsctive precursors in lym -
phocytes exposed to Con A for varying lengths of time prior

to exposure. to 84‘ergs/ﬁm2/5ec uv ligﬁt.

Figures 3.6 shows the incorporation of 3H—leu and

3 -
H-uri into proteins and RNA of lymphocytes exposed to Con A

for 21 or 35 hr and to a 84 e?%s/hm2/5ec dose of UV light.

. A )
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In control cells for the 0 hr irradiation (D) for
protein, (E) for RNA and for the 22 hr (A) and 36 hr (B)
1rradlatlon periods, Con A was removed at 21 hr and 35
hr respectively. The cells were washed in PBS and re -

Placed in fresh RPMI-1640 medium.

The same procedure was givenlto the cefls irradiat-
ed at 0 hr (D')(E'), 22 hr (A') and 36 hr (B'). 1In rela-
tion to protein and RNA synthesis, there was virtually
total inhibition of incorporation of 3H-—-lei:(D ') and 3H—uri
(E’ ) in the cells 1rrad1ated at 0 hr, showing only 5% com-
pared to control. The effect of UV on RNA and protein syn-

thesis was detectable 4 hr after irradiation.

In cells irradiated at 22 or 36 hr, the effect of 84
ergs/mm?/sec UV dose on protein synthesis seemed negligibie
since label incorporation levels were practically the same

as those of the unirradiated controls at 96 hr.

Nevertheless, cells irradiated at 22 and 36 hr showed
a great decrease in DNA synthesis (Figures 3.4 and 3.5 ).
This indicates that not only does UV affect an early event
but’also that it upsets one or more events at a later stage
in the‘cell activation that affect DNA but not RNA or protein

synthesis,
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The data of figure 3.6 are plotted in figure 3.7

. as incorporation of 3H-leu as a percentage of control

incorporation versus time of incubation(hrs),

Iﬁ figure 3.7 cells irradiated (84 ergs/ﬁmz/secf
immediately prior to addition of Con A are the most
affected showing a severe inhibition of incorporétion .
of the radio label from which cells are not able to re-
cover-dqning the time of incubation (96 hr). On the
other hand cells irradiated at 24 and 36‘hr show very
little effect of UV irradiation.

As far as protein synthésiS'is concerned, UV light
seems to affect cells irradiated at Q hr but not cells

exposed to irradiation at 24 or 36 hr(Figures 3.6 and"3.7).

Thus UV affects the activation process leading:to

increased protein synthesis but not this synthesis itself.
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Fiéure 3.6: Incorporation of 3H—leu and 3H—uri in Con A stimu-

lated human lymphocytes irradiated at 0,24 or 36 hr.

i

- Human peripheral lymphocytes were irradiated with
84 ergs/hmz/sec and labelled with 3H—leu (10 ﬁciﬁnl)
and‘3H—uri(5 pCi/ml} as described in Materials and
Methods. In non-irradiated cells Con A was removed -
; at 21 hr (a&),(D),(E)and at 35 hr(B).
E ' ' In D’,B’,A’and B‘’Con A was removed at the time of

: " irradiation: 0, 22 and 36 hr respectively.
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Figure 3.7 Incorporation of 3H-leu as a percentage of control.

Human peripheral lymphocytes were irradiated with
- 84 ergs/mmz/Sec prior to addition of Con A, 24 and
36'hrs and labelled with.3H-leu (10 pCi/ml) for 2

hours as described in Materials and Methods.
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Membrane Effects

3.D.1 Effects of UV irradiation on potassium influx

To determine whether irradiatién altered the Kt in-
flux across the cell membrane, experiments were underta-
ken to measure the amount of BGRb transported into cells
following a UV dose of 84 ergs/mm2/sec. Isotope was

added 2.5 hr after incubation with Con A.

Figure 3.8 shows the UV effects on potassium influx
in both resting and Con A-activated human peripheral lym-
phocytes irradiated with 84 ergs/mm?/sec immediately prior

to addition of Con A. Inhibitory effects were noted even

.'éfter 30 min of incubation with 86Rb ( 3 hr after Con A

addition). Potassium.influx in resﬁing cells was not sig-
nificantly { p= 0.1 ) inhibited.

Potassium influx, measured 2.5 hours after Con A addi-
tion, using 86Rb as a tracer, was inhibited from 6.8 to 1.7

fmoles/cell/hr by UV irradiation prior to Con A addition.

"It can be seen that the effec¢t of UV on stimulated célls

is so drastic that influx of K into the célls was reduced

to levels lower than those of non-activated lymphocytes.

Thué, UV inhibits at least certain of the essential

early events .of activation at the lymphocyte cell surface.
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Figure 3.8: Activation of potassium uptake in human peripheral
blood lymphocytes, measured within 3 hours of addi-
tion of con Aa.

Cells were lrradlated w1th 84 ergs/mm /sec at © hr

6
Rb (40‘uC1/h1) was added 2.5 hr after beginning
. the incubation with Con a.
‘ : ' Two different experiments are'shown. Quadruplicate
|

; determlnatlons were performed at each time points of

86 :
Rb uptake.
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3.D.2 Time Course of Tritiated Con A binding

In an attempt to investigate whether or not UV light
affected Con A biﬂding, resting 1ym£hocytes were incubated
with 1 pCi/ml of H-Con A for varying periods of time. The
resulté afe shown in figure 3.9 and table 3.1. The binding
of Con A to the lymphocyte surface membrane was a time de-
pendent process.

Reductioﬁ in rate of binding was evident even after
5 min. of incubation with labelled mitogen, where the di-
fference was significant at p= 0.01l. At 20 min there was
a 25% reduction in binding, the difference being signifi-
cant at p = 0.0l. At 60 min there was a reduction of 28%
in binding, the differenge being significant at p = 0.02.

* The number of binding sites per cell at 20 min was

6.6 * 0.5 x 10° in the unirradiated and dropped, to 4.2 *

0-4 x 10% in the irradiated, a reduction of 35%.

There are a number.of ébssibilities that shouldvbe
considered to explain this effect. For example, could the
reduced binding be due to an indrease in the rate of in-
ternalization, breakdown and release of the tritiated
structure of the Con A molecule?. Do the lymphocytes quic-

3

kly shed instead of internalizing the “H-Con A?. Both

these pogsibilities could explain the observed result.
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Figu;e 3.9 :

o k-

Time course of 3H-

pheral lymphocytes following exposure to 84
ergs/mm?/sec at 0 hr. ' ‘

Cells were resuspended in CMF-PBS ar s x 106

cells/ml after uyy dose and were incubated for

different intervals of times at a temperature
of 37 °c, -as described i

ir

n Materials ang Methods.

o

Con A binding to human peri-
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3.D.3 Thymidine Transport

In view of the -inhibition of K+ transport and Con A
binding by UV, if seemed possible‘that the effect~of UV
"on blastogenesls was due to an 1nd1rect effect on thymi-
dine transport rather than on DNA synthe51s. With that
in mind, a series of experiments qere conducted to meagu-
‘re the amount of thymidine translocated into cells.that
had been incubated with Con A for 44 hrs and then 1rrad1a—

ted with, 84 ergs/hm /sec.

.

Thymldlne transport experlments were carried out at
48 hrs. As‘shown in table. 3.2 wnen UV was given at - that
time, the incorporation of 3H—thyuinto the DNA was inhibit-
ed 58 * 2%, the difference being significant at p = 0.00L.

To determine whether tnere was a dlfference in rate !
of transport at different thymldlne concentratlons, cells /ﬂ‘
were incubated with label (ZOuCL/ml) at a .number of con-
cenkratlons of unlabeled thymidine at constant radioactivi-
ty. Lynphocytes were exposed to the isotope for 20 seconds -
to permit measurement of initial rates of transport uncompll-

cated by backflué:. of label (Strauss, et al. 1977). o
: r .

Figures 3 10 and 3.1} show that there was no significant

dlfference in transport of varylng concentrations of 3H—thy
between the control and the UV treated cells U

7.
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Figure 3.10 shows that both contr&?'and UV-treated
cells exhibit practically the same pattern of thymidine
uptake. ThYmidihg uptake was saturablé'w;th increasing
concentrations of cold nuclepside.’ At thmidihg concen-
trations at or above 1.0 mM,there was no fur?hér decrease-
in cell associated radioactivity. Values in thisﬁponcen—
tration range were.coﬁsidered\updiluted radioactivity.

These counts were probably due to trapped medium’ and/or -
LY

to adsorption of the nucleogide to cell membrane.

Figure 3.11 shows the thymidine transport expressed
in pmoles/10® cells in cells both unirradiated and iwra-

diated with 84 ergs/mﬁ/sec. As can be seen, UV irradia-

tion does not affect the tranéport of thymidiﬁe into

cells. The transport of cold thymidine as a function of

external concentration increased in a linear fashion un-

til 10_4M! starting to reach -a plateau between concen-

trations of 2.5 x 10‘4M and 7.5 x 10“4M_

One may reasonably:.conclude .from these data that
approximately the same amount of 3H—thy is being made
available for DNA incorporation in control and UV -irra-
diated cells. ”

-, A
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Flgure 3.10: Saturation of thymldlne uptake in Con A stimulated

human leukocytes irradiated w1th 84 ergs/mm2/sec

at 46 hr.

-

Con A stimulated buman péripheral leukocytes cultured
for 48 hours were'suspended in ppg-warmed IMGB at-
10 x'106-cell/ml. The cell suspension was then mixed
with an equal volume of LMGB containing éhyﬁidine con-

centrations between 5 x 1075 to 5 x 10-2 M. The final

rad10act1v1ty remained constant at 20uCi/ml., A 200ul

aliquot o reactlon mixture was then centrlfuged using
the microcentrifugation technique as outlined in

Materials and Methods.

- - - . .
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TABLE 3.2: INCORPORATION OF JH-THYMIDINE IN CON A
' STIMULATED HUMAN LYMPHOCYTES IRRADIATED
\ - -
S WITH 84 ERGS/MM2/SEC.

_ - c p M ' g
_EXPT. STIMULATED CONTROL STIMULATED UV . % DIFFERENCE
N° | - ‘ L
1 465583 + 32302 270568 * 10639 58 £ 2
2 462841 * 1649 220733 % 9552 48 *

& -
+ 12522 54 *

3 291203 * 16744 * 157249

* UV irradiatian was' given at 44 hrs. The difference between .

uv lrradlated and non-{rradlated control were 51gn1f1cant at

L

ey

the level,p = O. 001 1n all three experiments.

P
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Figure 3.11:

N

Thymldlne transport ln Con A stlmulated leukocytes

as a function of external thymldlne concentration,
1rradlated with 84, ergs/mm /sec at 46 hr.

Con A stimulated human peripheral 1eukoéytes after

48 hours of culture were suspended in pre—warmed

IMGB at a concentration of 10 x 109 cellsﬁml

The cell- suspension was then mlxed with an equal

volume of LMGB containing thymidine concentrations

-5
between lo~ t° 5.0 x 10-3 M. The final radioacti-

v1ty remained constant at 2QuC1/ml A 20Qu1 aliquot

of reactlon mixture was then" eentrlfuged using the

’ mlcroc ntrifugatioh technique as outlined in  the,
" Materdals and Methods. ) ' ’
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3.D.4. Time-Dependence of Thymidine Uptake
. r .

It was demonstrated by Rudd (M. Sc¢. Thesis) that a
thymidine transport component exists in human lymphocytes‘

cultured in vitro with Con A for 48 hours.

Figuré 3.12 shows the presence of time-dependent
thymidine net transport in human peripheral leukocytes

cultures after a 48 hours incubation with Con A.

Thymidine transport was observed to continue in a
linear fashion during the 60 sec period tested and lasted
for approximately 100 sec, after which thymidine transport
started: to reach a plaﬁéau. The plateau corresponds to the
point at which equilibrium of thymidine across fhe membrane
has been attained; thus use of 15 sec experimental period

is justified.

—~

3.D.5 Electron-Microscopy Studies

_ After hav1ng shown that UV - inhibits not only DNA
‘but also RNA, and proteln synthesis, lymphocytes were
irradiated either prior to addition of Con A or at 16 hrs.

with 84 ergs/mmzfsec to see if UV prevents nuclear decon~
densation as well. The 16 h point was done since it is
at this tmme that the flrst slgns ‘of decondensation of
chromatln are visible ( Setterfleld & Kaplan, personal
communication). ;

L ]
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Figure 3.12: Time dependent thymidine uptake and transport in
Con A-stimulated human leukocyteéf ‘

Con A stimulated human peripheral leukocytes
after 48 hours of culture were suspended in
pré—warmed IMGB at a cell concentration of

10 x 106 cells/ml. The cell'suspénsion\at

a volume of 25Qul was then mixed for different -
periods of time with an equal volume of IMGB
containing 2.0 x 1077y thymidine (final radio-
activity:‘2QuCi/ml). A 200ml aliquot was then
centrifuged using the microcentrifugation tech-

nigue as described in the Materials and Methods.
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They were fixed for EM studies at 24 hr. Table 3.3

shows that after counting 200 cells for each treatment,

lymphocytes that were exposed to this dose of UV at 0 hr
'did not show nuclear decondensation, whereas stimulated

cells irradiated at 16 hrs did show'nuclear decondensation
a4s compared to stlmulated controls.
dlated (0

All lymphocytes irra-
16 hr) showed "sick" nuclei as a typical cha-

racterlstlc. Electromicrographs of both lrradlated and

non-irradiated cells are Shown in fugres 3 13 and 3.14.

From these data and the electromicrographs’ one may -

. conclude that UV light prevents nuclear decondensatlon if

it is glven to the cells early during stlmulatlon, but not
after the onset of decondensation.

3.D.6 Unsheduled DNA synthesis

After cells were in the presence of Con A for 20 hr, they were
irradiated (84 ergs/mm ), labelled with 3H—thy(lO uCi/ml) for 2 hr.
When autoradiografyc¢ studies were carried out and the slides developed:

no silver grains over nuclei were observed; in these prellmlnary experi-
ments no positive controls were employed. -
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' TABLE 3.3: EFFECTS OF UV LIGHT ON NUCLEAR DECON-
DENSATION FROM HUMAN PERIPHERAL LYM- -

PHOCYTES FIXED AT 24 HRS.-

SAMPLE - N°. CELLS - NUCLEAR TYPE ***
' - ‘1 2 3

Resting Control 200 0 67 133

Stimulated Control 200 ‘54 1106 40

Resting uv* . 200 . 2 44 - 154 ;

Stimulated uv* 200 3 53 144 :
 Resting\uv** ; 200 - 4 120 76

; \ 200 60 101 .39
x Irradiated at 0 hr. ) . . 1 Blast
** TIrradiated at 16 hr. ' 2 Intermediate

3 Ccondensed
*** Nomenclature from the Laboratory

of Dr. Setterfield.
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Figure 3.13: ﬁlectronmicroscopy of untreated restxng “and
stimulated human 1ymphocytes

i

.

A: Resting hufian lymphocytes flxed at 24 hrs,
. : The hucleus is completely condensed :
— ‘ /plmulated human lymphocytes flxed at 24
hrs. Cells xncreased their volume,and 51ze.

. ‘ The nucleus is partly decondensed and a nu-

cleolus 15 v131b1e.

-
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Figure 3.14:

Electronmicroscopy of both resting and stimulated
human lymphocytes irradiateq (84 ergs/mmz/sec ) e
at O hr.

A: Resting human lymphocyte fixed at 24 hrs.

Cells show a "sick" nuclei ( polylobular).

B, ¥, D: Stimulated human lymphocytes fixed at

- 24 hrs. Cells show a nucleus completely

condensed.

-






4.A.

CHAPTER IV
~~ DISCUSSION

Ty

~ The or1g1na1 1ntent10n of this study was to 1nvest1gate the
effects of UV 1rrad;at10n on DNA of both resting and Con A sti-
mulated human ‘peripheral lymphocytes. When resting stage. cells
or stimulated cells were irradiated with 84 ergs/m UV no evi-
dence of" unsheduled DNA synthe51s was observed

- These results Were unexpected because UV has been. shown to

cause unsheduled DNA synrthesis in 4'number of cell systems inclu-
ding unstimulated human monocytes( Lake, R. et al. 1980). Further-

more thes¢ results must be interpreted with caution since no
positive control was used. ) :
. Ny
. 6o ' o
However, a possible explanation for these results is that
excision repair synthesis due t6 UV-induced lesions occurs at
a very slow rate under the conditions used in our experiments.

In cells irradiated 24 hr before Con A addition it was
impossible to show any repdir replication when this was assayed
20 hr after contact with the lectin(i.e. 44 hr after W).

-

Dose response curve:

The data of figures 3.1, 3.2 and 3.3 are plotted in Figu-
res 3.4 and 3.5 as a percentage of control incorporation of
3H-thy, assayed at 48 ~ and 72 hrs respectively, versus dose
of UV. ’

7~ 81
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"In these figeres, an immediate and repro&ﬁcible, sta-
tistically significang (p = 0.001) difference in the
inhibition of incorporation of labeled thymidine was eb-
served in cells stimulated either immediately after
'1rrad1atlon(0 hr) or in stlmulated cells irradiated at
24 or 44 hr. DNA synthesis whether assayed at 48 or 72
hr, was more sensitive to UV when this was administered
at the onset of culture with Con A; there was little di-
fference between the sensitivity of the cells -irradiated
at 24 hr or 44 hr.culture. S;nce the 0 hr cells are some
30 hr away from S phase, Uvzpreferentially affects the )
actlvatlon process rather than the DNA synthe51s 1tself
However in cells 1rrad1ated either at 24 or 44 hr DHA

synthesis was inhibited by 95% as asseyed by 3H—thy in-
' ' \

corporation ( figures 3.2 and 3.3).

The lethal effect of yv reaiaéion-has éenerally been
found té be greatest in late G- early S phase; in HeLa
cells (Downes and Johnson. 1979}, in human D98/Ag9 (Erikson
and Szybalski. 1963}, in Chinese hamster v79 (Sinclair.and
Morton 1965), CHO-KI cells (Burg, et al. 1977) and in
mouse L cells Rauth and Whitmore. 1966). But in our case,
cells irradiated prior to Con A addition (Gp cells) were

the mosE sensitive to Uv. A
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Comparatlve effeqt of Uv 1rrad1at10n on DNA RNA and

Protein synthe51s. ..

4.B.1 DNA synthesis;
J .
Ultraviolet irradiation is known to lnhlblt DNA syn-

thesis in mammalian dells, although the mechanism of this

inhibition is not known.

One of the purposes of this thesis was to investigate
the effect of uv light, using the incorporation of 3p- ~thy -
into Con A stimulated human perlpheral lymphocytes in v1tro

as an assay, in an attempt to determine some of the cause(s)
of that inhibition.

When stimulated cells were exposed to varying doses of
UV at 0,24 or 44 hrs after addition of Con A, the incorpora-

tion of 3H—-thy lnto the DNA is severely reduced and DNA synthe-

sis never reached the control levels. (Flgures 3.2 and 3.3)

It was reported by Friedberg, et -al.(1978) that thyml-

dine containing pyrimidine dimers produced in mammallan cell

DNA by UV doses lower than 10 J /m2 » 90% of them were removed

in one hour, and with a dose of 40, j/m? less than 50% of di-

- mers were removed after 48 hrs of irradiation.

L

An ‘early attempt at a klnetlc analysis by Cleaver, 1967
concluded that replication halted as discrete blocks were’
reached, but those blocks were only about 1/10 as frequent
as pyrimidine dlmers (i,e, dimers were probably not the blocks)

-
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Cleaver's study, however, was presented prior to the
demonstration that in mammalian cells many replicons along °
each DNA fiber are active at any one time (Huberman and

-

Riggs 1968). Klimek and v1¥sinovd (1966) noted that DNA

synthesis was not completely blocked after UV, and\ suggested

that continued synthesis was partly due to the pPgsence of

multiple replication units. N v

In experiments conducted to measure the time course of
DNA repair replication. in Hela cells (Edenberg and Hanawalt,
1973), it was noted that after UV, repair replication made a

significant contribution to the total thymidine incorporation.

'For this reason, Edenberg; H. (1976) re-examined the kinetics

of the inhibition of semi-conservative DNA synthesis in UV
irradiated Hela, using density labeling to distinguish semi-

conservative synthesis from incorporation due to repair.

)

An analysis of these results in terms of our present
knowledge of the ' many repliéons active in mammalian cells

{for review see Edenberg and Huberman, 1976) shoﬁs that the

* inhibition could be explained By replicon;forks halting (or

pausing ) at)pyrimidine dimers (Edenberg,}1975). This analy-
sis could not itself rule out the alternate possibilities
that the rate of replication fork movement was uniformif

slowed, or that the initiation of new repiifon was linhibited.
4
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.

To directly approach these problems,Edenberg,H.J. 1976,
studied post-UV DNA synthesis by a different technique-DNA
fiber autoradiography. . The results demonstrated that the
inhibition of,DgA replication is due to a halt (or'long pau-
se} when replication ‘forks reach discrete lesions in the

template DNA, and that these lesions are present in approxi- -

 mately the frequency of pyrimidine’dimers.

Another possible explanation of our results could be
that UV produces irreversible damage, which does not produ-

ce-as much cell death. As it was pointed out before, cells
irradiated at 0 hr were the most sensitive to UV, which in-

dicates that UV affects the actiVétion process.;
Off the other hand, the nhibition in the uptake of
3 . . . . .
H-thy into DER, see?//p phocytes irradiated either at

" 24 hr (late G1 ) or”44 hr(s phase) could be explained by

replicon forks haltlng as they encﬁunter lesions (dimers)
in the DMA, so that DNA synthesis cannot continue. At
these times UV may be affecting DNA synthesis itself rather

than the actlvatlon process. »

-The unsheduled  DNA synxhe51s data shnw1ng negligible repair xeplication
and hence perhaps faulgy dimer removal, although of a very preliminary
values, support the above hypothesis. >

- N . . /\V/—-\
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4.8.2 RNA and protein

Pata from experiments measuring the incorporation of

( H) tiridine and ( H) leucine into cells 1rradlated prior

to addition of Con A (0 hr) suggest that UV causes . an
immediate depression of protein and RNA synthesis (Fig.3.6
and 3.7). Such - a depression of both protein and RNA
synthesis could have a contributory éffect on the inhibi -
tion of DNA synghesis.* In order for the cell to synthesi-

ze DNA, it requires RNA and protein.

Since UV is inhibiting their synthesis, no RNA is
available for the translation of protein aﬂd none of the
protelns ‘which are essential for DNA replication to ocueur
later on in the activation process (S phase) are being ma-

de.These proteins include DNA .polymerase and RNA polymerase.

Before a resting lymphocyte stimulated by a mitogen
enters the cell cyclé and divides, complex molecular c¢hanges

occur - in the cell membrane, the nucleus and the cytoplasm.

One of the earliest events in this transformation pro-
cess, occurring just after the changes in membrane permeabi-
lity (i, e, 2-3 hr after mitogen addition), is an increase

in the rate of protein Synthesis (Kay, et al. 1971).




This. appears to be.due to an increased rate of trans-
lation of pre-existing mRNA by pre-existing ribosomes.
Studies on lymphocyte cytoplasm indicate that the low ra-
te of protein synthesis in unstimulated cells is due to
the low activity of one or more protein synthesis iﬁitia-
rtion factors; the activity of inhibitors 'of these factor
is decreased after .activation by mitogens (Kay, et al.l1978,
1979). ) '

~ Early de novo protein synthesis may be responsible,
at least ihtbart, for the observed increases in DNA poly-
merase and RNA polyme;ése activities. Along with a dou-
-bllng of amlno acid 1ncorporat10n, the number of polysomes

is increased one hour after stlmulatlon (Hauser, et al 1978).
14

Resting lymphocytes maintain a basal level. of RNA
synthesis. When lymphocytes are activated by a mitogen,
there is no increase in total RNA synthesis for some 4-6
hr. Thereafter, it increases steadily for the next 40 hr
until a platéau is reached, during S-phase(Kaplan, et al.
1379)." The earliest reséonse of lymphocytes to mitogen
appears not to be the initiation of new RNApchalns
(Mitchell, Bt al. 1978), but rather increased RNA proce-
ssing, including polyadenylation, 3p1icin§, methylation
and. capping, RNA'export to théhcytoplasm, and RNA binding
to 39& transkpcation by polysomes(Shafer & MitéhellL 1579).

' v

L 4
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It is known that a suppression of RNA syntﬁesis will |
cause a corresponding qecrease in prot$in “synthesis in(
lymphocytes(Ling and Kay 1975). Low amounts of actinomycin
D (0.02 pg/ml), an inhibitor of RNA synthesis, when added
within 6 hr éf m¥togen addition entirely block the increa-
se in polym%Fase activity:which is normélly observed at 14
hr. This suggests that.this increase in enzyme requires
RNA synthesis; Yet, when the same amount of actinomycin D
is added 14 to 72 hr after PHA addition, polymerase activi-
ty increases without interruption (Agarwarl & Loeb 1972).
Moreover, experiments presehtly in progress in our labora-
tory ind#cate that when cells in a high DNA synthetic phase
{42 hr) are exposed to 8-azaguanine (8-azag), an inhibitor
of RNA synthesis, for 2 hr, an inhibition of DNA synthesis
is still observed. This inhibition is probably due to in-
cdfporétion of the 8-azag into the RNA, leading to the pro-
duction of ﬁalse mesgages'and thus non-functional proteins
(Christine éoumah, personal ’communigation).

A3

Studies on the effects of protein synthesis inhibitors
on stimulated lymphocytes indicate that the observed in-
crease in polymerase activity is dependent on concomitant

protein synthesis. ‘ ' L
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Thus, cycloheximide, when added to cultures : pf¢

synthesis, prevents the increase in Polymerase activi-
ty ( Quastel,'s Kaplan, 19705 .) .-,

Our s;udieS'have}shown that when lymphocytes are
’ipkadiated at 0 hr (prior to additipn of Con A') RNA
and protein synthesis are inhibited by 95% (Figqg. 3.6),
whereas in cells irradiated at 24 or 36 hr no épparent
iqhibition is observed (Fig. 3.7), although DNA synthe—
8is was inhibited in those cells irradiated at  times
described above. It seems that UV does not directly
- affect protein and RNA Synthesjis, but rather inhibits
‘the activation process leading to these s}ntheées. This
indicates that there- is g critical sfep in the activa- ,
tion process, which is blocked by uv. 1t also appears
that when lymphocytes are pv—irradiated‘at later stages
Of cell transformation, DNa synthesis is the parameter
most affected. o ﬁk '

.Effects of Uv irradiation on RNA synthesis in mamma-
lian cells haqs\been'studied in a few cases only. No
studies on in vitro transcription of UV-irradiated mamma-
lian DNA by mammalian_RNA Polymerases have been reportéd
Yet. Painter(1970) has'shown that the rate of RNA synthe-
éis in Hela cells-dgcreases non-exponentially,with UV ..
dose' given to the cells and that the decrease is exagge- \\

rated in bQOmodeoxyuridine grown cells(Painter, et al.1970).
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It was shown by Willems, et al., (1968) that synthesis --
oferHA was preferentially inhibited by .Uuv irrediation of
Hela cells. -.Previouely, ultrav1olet microbeam 1rrad1atlon
,had been used to selectlvely inhibit the synthe51s of rRNA .

in the nucleolus (Perry, et al., 1961). Synthesis of RNA ig

basal cells of mouse epldermls is reduced following UV irra-

dlatlon (Epsteln, et al, 1970) b

Membranes have -SH groups, some of whlch are necessary
for cell functlon. They are apparentLy necessary for the
1ntegr1ty of the membrane since cells from various sources
~treated with a thiol. oxidising agent become ruptured. The
-SH groups of the erythrocyte membrane are lmpllcated in the

a+/K+pump, glucose difusion and the preventlon of haemolysis.
‘ The membrane (Na+,K+)—ATP—ase of red cells and kldney cells is
inhibited by.mercurials which in turn prevent the dependent
) Na/k exchange (Sutherland, et al., 1967;Vansteveninck,et al.
1967). c

It is known that thiols and disulphides can protect
against the biological damage caused by ionizing radiation.

In view of that, Sabovljev in 1976 4id a series of in vitro
experiments to see if their protective action could ne_ex -
'tended under the condition of yy irradiation. His results
shows that -SH and S-S groups of proteins are among the
groups most vulnerable to attack, not only by ionizing but
also by UV radiation. |
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one carried out by Lawler, et al., f1976) on blood plate-

let prgteins to correlate changes in platelet functions

and proteins. 'Their results indicate that platelet asso- -

ciated fibrinogen is sensitive to UV,

& * L ! -
4

Meﬁbrane Effects

4,.C.1, Effeots of of uv irradiation'on potassium ihflux

Hav1ng shown that UV light not only affects DNA syn—)
thESlS, but also RNA synthesms, all possibly via an affect
on the actlvatlon process experlments were carried out to
determlne whether irradiation altered the rate of K' influx
across the cell membrane. Previous work' by Quastel & Kaplan
(1970) showed that one of the earliest’ blochemlcal events
follow1ng activation of human lymphocytes by the mitogen PHA,
was a marked increase in.the rate of uptake of 42K+, It was
subsequently shown that the increased uptake of thlS radloso—
tope was manifest within 30 sec of adding PHA to lymphocyte
culture (Averdunk, R. 1972). ) ’

Mitogen-induced increase in K influx has been confirmed
(Segel,G. and Lichtman, M. 1976) and increased Nat effiux
‘(due to the actigﬁty of the Nat-K+-ATP-ase of the lymphocyte

membrane) has been demonstrated (Avérdunk and Lauf 1975)
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. The inhibitory effects of UV were noted as soon as
after 2.5 hr.of incubation with Con A (Figure 3.8). Po-

tassium influx, measul‘l'Ed USing 86Rb as traCQr’ was de-

creased by prior UV irradiation from 6. 8 to 1.7 £/moles/
cell/hr. It can be seen that the effect of UV on resting
and on stimulated cells was so drastic that 1nflux of Kt

1nto the cells was xeduced to levels lower than those of

‘non-activated 1ymphocytes

This indicates that UV inhibits at least one of ther
essential'early events of activation at the lymphocyte cell
sur%ace. Unfortunately there is only one report in the 1li-
tereture'about UV effects on Na+—K+-AT§zase enzyme. This
investigatien was done by Liebermen, E. (1967) ﬁvi radia -
tion, besides having electrophysiological effect on nerve
fibers, was shown to ifNibit the NatK*-activated ATP-ase

system, prepared from crab nerves.

.

His experimental results demonstrated that wavelengths
of 285 nm and 255 nm, which block nerve conduction, also
block the Na+—K+-act1vated ATP-ase. Fn the same series of
experlments, ‘it is seen that théaMg2+-acﬁivatea hTP—ase
activity was not or only finimally affected by the
radiations. Enzymes, charect ristically, require irradia-
tion with 105 ergs/mm? of ulLraviolet light for photoin-
activation to oecur ( Setlow and Pollard. 1962).

Ll |
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ThlS implies that: uv 1s not inactiviting the enzyme
(Na+—K+—act1vated ATP-ase), but rather UV is affecting an

earlier event(s) of the activation process. y

4.C.2 Binding of Con A to cell surface:

Ultraviolet was shown to act at the cell surface by
. ;
significantly (p= 0.01) reducing the binding of 3H-Con A
(Figure 3.9). The time course of binding of 3H—Con A in-

dicated that the time required for saturation of sites was
20~30 min at 37°c. ' c:)

4

A large reduction in the total number of Con A bin-
ding sites occurred in the irradiated eamples since 25-5
less Con A was bound to the cell surface. Binding sités /

cell at 20 min were 6.6 * 0.5 x 106 in the control ¢ lls

and 4.2 * 0.4 x 106 in the uv treated a reduction of \54%.
There is evidence (Boldt, et al. 1975) that the number of,
receptor sites for any Iectlon on the surface of human ly%—
phocytes is the same for each type of lymphocyte.For exam-
ple, Stubo et al. (1972), and Anderson, et al. (l972)have
found that there are between 0 8-3 x lO7 molecules of Con A
bound per cell for saturation of murine thymoaytes However
only 2.5 x 106 molecules of mltogen or approxlmately 20%
are needed to initiate blast transformation and DNA synthe—
sis. 'In another report, Boldt, et al (1975) claim that the
number of Con A receptor sites on T, B and Null cells is

1.7 x 106/ce11.

2



This value is in reasonable agreement with that found‘
in other studies (Boldt, et al. 1972, wands, et al. 1976,
and Krug, et al. 1973, Repacholi, M. Ph.D thesis 1980). UV,
therefore, affecfs the number of receptor sites on the sur-
face of human-lymphocftes. This indicates that it is the
iinkége between events occurring at the cell surface and
inner mechanisms for cell activation which is affected by

UV. It seems probable that the reduction observed in (3H)-

Con A binding 6ccurs because UV damages or distorts the
molecular configuration of the receptor sites on the cell
surface to the extent that many of thée binding sites do
not recognize Ehe‘Con A molecule (Repacholi, M. Ph.D thesig
1980). Unfortunately there is no report on UV effects on

binding sites by a mitogen on human lymphocytes.

4.C.3 ' Thymidine Transport

Having shown that UV inhibits K* uptake and Con A bin-
ding, it was necessary to exclude the possibility that uv
prevents thymidine incorporation by interfering with trans-

port of the nucleoside into the cell.

Ultraviolet exposure under the conditions described in
chapter II did not appear to alter the initial rates of

transport of 3H—thy irradiated cells (Fig. 3.10 and 3.11),

-
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even though the incorporation of the label intoc DNA was
inhibited. (58%) when cells were harvested and counted as

described in Materials and Methods, the difference being

significant at p = 0.00]1 fTable 3.2). The conprol rates
of transport were found to agree with those og’christophef
Rudd, (M.Sc. thesis 1980). . E/
One cannot conclude from these e er"eﬁéé*that the
amount of radioactive precursor availdgig::: both control
and irradiated cells was the same :since the exper{hents
provided no informétioqoon the internal cell pools of the
precursor. Ho&ever, if the initial rates of thymidine
transport were unaltered by UV, it seems reasonable to

suggest that both irradiated and control cel¥s had the

same amount of 3H—thymidine avaiiable for incorporation.

These results are very similar to those fpund for
sonicated lymphocytes by Miéhael Repacholi (Ph.D thesis
1980). There are no reports in the literature of experi-
ments conducted to determine if UV altered transmembrane

transport of 3H—£hy.

4.C.4 Effects of UV on nuclear decondensation

As shown, UV inhibits DNA synthesis, kt uptake,Con A

/rbinding, RNA and protein synthesis. Studies were undertaken

»%)to determine if UV might also prevent nuclear decondensation.

P
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The results indicate that'lymphocytes exposed to UV
prior to'addition.of Con A did not show nuclear deconden-
sation at 24 hours, whereas cells irradiated after being
in the presence of Con A for 16 hr did show nuclear decon-

densation at 24 hours, as compared to stimulated controls.

One may conclude that UV inhibits decondensation if
it is given to the cells before the process of decondensa-

.tion has taken place but not if this process has begun.

It appears that UV irradiation affects an early event
of cell acﬁivation by preventing nuclear decondensation.
There are no reports published about the effect of UV on

nuclear decondensation in lymphocytes.
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4.C. MODEL:

Figure 4.l represents a model sScheme of the effect of:

UV light on human peripheral lymphocytes.

UV may have two sites of “action on lymphocytes:
1. Cell membrane and/or cytoplasm, for early effects '
2,' Nuclear DNA, for late action of UV. '

It was shown that when lymphocytes were 1rrad1ated prior
to addltlon of Con A, the rate of Con A blndlng (an event that
precedes lymphocyte stlmulatlon) decreased. Whether or not
‘this inhibition of Con A binding (1) may cause the observed

inhibitions of all biochemical parameters of lymphocytes irra-

diated at 0 hr we cannot say.

_Wheﬂ the effect of UV on protein and RNA synthesis was
examined, irradiation at 0 hr had the strongest effect, whereas
at later stages of the éhtivation, there was little or no
effect on protein or RNA synthesis. This indicated that Uv
was affecting some early event(s) of the activation process
(2) 'leading to these syntheses. Possibly UV is directly
affecting some essential protein(s). This has to be inves-
tig;ted. '

K' influx'was checked to investigate if UV affected

its uptake. It was noted that irradiation inhibited this

pdrameter. as early as 3 hr,

.
3
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Quastel and Kaplan (1970), showed that cyclohexamide and
actinomycin D did not inhibited the increased transport of K+*

caused by mitogenhic stimulation. UV is therefore affectmg an
event that does not require protein or RNA synthe51s and ‘is
therefore completely independent of DNA. A direct effect of UV -

on DNA gan therefore not explain this early effect.

" Experiments should be undertaken to determine whether or
- not UV is directly affecting K* uptake or whether it affects
some other event leading to its activation. It shouid also be
determined whéther the K% influx, which is inhibited by WV, is
ouabain-sensitive.

In cells irradiated at later stages of the activation pro-
cess, it seems that UV directly affects DNA synthesis (4) by da-
maging the template of DNA and/or enzymes involved in replication.
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