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ROLE OF X-RAV-INDUCED TRANSCRIPTS IN ADAPTIVE RESPONSES
'~ FOLLOWING X-RAYS .-

A. BRIEF INTRODUCTION. |

1. DNA_ Repair Following lonizing Radiation. DNA repair DFOCGSSGS which are
stimulated by X-ray-induced DNA damage are poorly understood. Two such repair
processes, PLDR and sublethal damage repair, may be the same manifestations of a
- saries of common enzymatic steps. PLDR, defined as the survival enhancement
observed after subculiure delay of cells following ionizing radiation, has two distinct
phases based upon DNA lesion repair and survival recovery studies (1). The first phase
of PLDR occurs very quickly (11,:2-20 mins) to increase the survival of X-irradiated cells
and to mend the vast array of DNA lesions created by ionizing radiativn. It is associated
with a rapid resealing of single-, and later on, double-stranded DNA lesicns which are
either created initially by X-rays or produced as a result of the repair of various types of
base damage (1). The second slower phase of PLDR proceeds much later {i.e., >1-2
hrs) following X-irradiation, during which the remaining double-stranded DNA breaks
are completely repaired. This second phase of repair closely corresponds 1o the
restructuring of gross chromosomal damage, and can be partially blocked in some
human cells by inhibiting protein synthesis (1,2). This slower phase of PLDR correlated
with a rapid decline in X-ray-induced transformation of normal cells.

In theory, the fast component of PLDR may be due to constitutively synthesized
enzymes [such as DNA ligases, topoisomerases, or polymerases (3)], which act
immediately to repair damaged DNA. In contrast, the slow phase of PLDR in human
cells may require the induction of specific genes and gene products involved in the
repair of potentially lethal or carcinogenic DNA lesions, including more complex
chromosomal damage. PLDR responses which rely upon inducible genes and proteins
may be further enhanced if mammalian cells were "adapted” via prior exposure to low-
doses of ionizing radiation. Thus, X-ray-inducible genes and proteins may play a
- number of roles in adaptive survival responses in human celis, including cell cycie
control, the regulation of DNA repair processes, and the suppression of tumor formation
through error-correcting, DNA repair proof-reading activities.

2. Are DNA Hepair Systems Induced By DNA Damage? A number of
experiments with mammalian cells indicate that inducible physialogic responses (i.e,.
the productton of new genes/proteins) may affect radioresistance, mutagenesis, and
carcinogenasis, although much of the evidence is indirect (4). The response of a given
cell to DNA damage may depend upon a number of factars, including: (a) the necessary
time required to repair the entire genome; (b) the ability to induce or constitutively
synthesize the necessary repair pathways; (c) the extent and type of iritial DNA damage
created by the cytotoxic agent; and (d) the cell's state o division. Under the intluence of
repeated low doses of ionizing radiation, cells may respond by demonstrating an
"Adaptive Response” to higher doses of that same cytotoxic agent.

Adaptive survival responses are observed when cells are repeatedly treated with
low doses of a cytotoxic agent (i.e., primed) and subsequently challenged with higher
doses. "Primed” cells survive better than "unprimed” cells following a high dose
challenging event. DNA repair enzymes are thought to piay key roles in adapting cells
to a given DNA damaging agent.

X-Ray-Induced Genes _and Proteins Synthesized By Mammaljlan Cells
mmmwmummmmm Induced gene products (i.e., proteins) specifically

synthesized in response to physiological doses of ionizing raduatwon in radtcresmtant
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Goverpment nor any agency thereof, nor any of their
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United States Government or any agency thereof,
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human melanoma (U1-Mal) cells, and in & variety of other human normal and cancer-
prone cells, were identified using two-dimensional gel electrophoresis (1). U1-Mel cells
were chosen since they have one of the highest PLDR (potentially lethal damage repair)
capacities for survival recovery known. We identified and partially characterized ten
proteins synthesized by U1- Mel celis. The synthesis of eight of these proteins were
specifically induced by ionizing radiation and two proteins were rapressed. Neither heat
shock, UV-irradiation, nor bifunctional alkylating agent treatments resulted in the
induction of these proteins. The expression of one protein, termed XIP269 to indicate an
X-ray-lnduced Protein of approximately 269 KDa, correlated very well (r=0.83) with
PLDR capacity (1). This protein was found to be down-regulated by exposure to
caffeine or cyciohaximide, under conditions in which both PLDR and subsequent
adaptive survival responses were prevented (1, 5, Unpublished Data). XIP268 was
induced by as little as 5 ¢cGy. Ut is, therefore, a good candidate for playing a role in DNA
repair processes which might invelve adaptive survival responses, and this protein is
currently being isolated in sutficient quantnty for reverse genetic cONA cloning.

B. PRELIMINARY DATA

The data in thes section is background
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preliminary data which characterizes the induction of xip cDNA clones after acute doses
of ionizing radiation. It is included in this Progress Report to clarity the induction
characteristic of each of the xip ciones.

In addition to the characterization of several XIPs, we have isolated twelve X-ray-
inducible cDNA clones (i.e., xip1-12) from U1-Mel cells via differential hybridizatior (6).
Some of these genes were induced over 20-fold above background levels by as little as
5-20 cQGy. Using partial DNA sequence data, we have identified four of these cDNA
clones as known human genes: DT Diaphorase, tissue-type Plasminogen Activator
{6,7), thymidine kinase, and the proto-oncogense, ¢c-fps/fes. The additional eight cDNA
clones (i.e., xip1,2,4,5,7,8,10, and 12) represent unidentified gene transcripts, but have
only regsonal homologies to various known genes (6). Table 1 summarizes what we
know about these genes at the present time.

We have also investigated the kinetics and specificity of incuction of the xip
transcripts using xip cDNA clones as probes on Northern blots. We investigated the
temporal expression of xip mRNAs following a single dose of ionizing radiation (i.e., 450
cQGy). Confluence-arrested U1-Mel cells were treated with ionizing radiation and at
various times RNA was extracted. xip mRNA levels were then monitored by RNA dot-
blot analyses using individually 32P-iabeled xip cDNA insert probes and appropriate
loading standard probes (either B-2-microglobulin or the 36B4 homeostasis gene). The
levels of induction for xip mRNA transcripts varied from slightly less than 4-fold for xip11
to greater than 226-fold for xip12 (6). Peak levels of xip MRNA transcripts varied in time
from 2 hrs to 14 hrs (Table 1).

Without exception, all of the xip mRBNMNA transcripts were transiently induced
followiny ionizing radiation exposure, although their patterns of peak induction varied.
With the exception 4t an early peak of xip6 (i.e., t-PA), all of the X-ray-induced transcripts
were blocked by post-X-ray treatments with actinomycin D (5 pg/ml) and all of the X-ray-
induced transcripts demonstrated only one peak over time. As previously described (7),
analysis of t-PA mRNA levels revealed two induction peaks, an early peak (appearing
between 30 mins and 1 hour) which was found to be the result of stabilization of its
mRNA, and another much larger peak (at 12-14 hours) of t-PA mRNA which was found
to be the result of new transcription (7).

Times of peak mRNA induction for xip transcripts in confluence-arrested U1-Mel
cells and in normal human fibroblasts are summarized in Table 1, and ranged from 1 to
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14 hours. Many of the X-ray-inducible transcripts (i.e., xips2, 3, 4, 5, 9, 10, and 11) were
expressad within the first 4 hours in both U1-Mel and GM2936B cells tullowing X-ray
treatment. Since xip clones were selected from a cDNA library made from U1-Mel cells
4 hours after X-ray exposure and since cDNA probes used in differential hybridization
were made from 4 hour time points, it is not surprising that the majority of xip transcripts
isolated were expressed at peak levels within the first 4 hours after irradiation.

Table 1. SUMMARY OF X-RAY-INDUCED CLONES AND CORRESPONDING TRANSCRIPTS.
xlp cDNA  Northern MW!  X-.Fold?  mRNA Induction Peak3
Clone (Xb) Inducibltity (Time, Mrs.) RELATIVE4 DNA 5

Xip 1 2.0 50 13 10 12 Low Cyto. p4a50-EtOH
Inducible (87)

xip 2 8.0 230 5 2 4 High UNKNOWN

xip 3 3.0 38 3 4 2-4 Medium DT Dlaphorase (89)

xip 4 - 2.2 47 3 4 4 Medium UNKNOWN

xip 5 7.0 30 4 4 A Modium UNKNOWN

xip 6 3.2 150 5 14 4-6 High t-PA (96)

xip 7 6.2 11 a 12 4-12 Low RAG-1 (62)6

xip 8 4.8 18 3 10 12 Low hap prot. mRNA (49)

xip 9 4.6 83 2 3 3 Low c-ips/fes  (60)

xip 10 2.5 as 4 s 4 Medium  UNKNOWN

xip 11 1.2 8 2 3 1-2 Low Thym. kinase (85)

xlp12 10.90 9 3 6-8 4-8 Low Anglogen. Factor (55)

1 RNA Northern blot, dot-biot, and scanning densitometric analyses were perfcrmed on Zeta-probe strips containing
total RNA darived from unirradiated as compared 1o imadiated (450 ¢Gy) confluence-arrested normal human nonfetal
fibroblasts (GM2936B) or U1-Msel human melanoma calls as described in (6).

2 Induction levels (i.e., X-told) were obtained from RNA dot-blot analyses at times where peak levels of mRNA were
noted {6). Relative mRNA ratios wera calculated by dividing the lavels of xip mRNA transcripts by the mRNA levels of a
loading standard, either 36B4 or 8-2-microglobulin as described in (6). Ratios obtained from X-irradiated RNA were
compared to those obtained from RNA of unirradiated cells. Ratios ware confirmed by Northern RNA blot analyses when
xip mRNA transcripts were visibie,

3 Confluence-arrested GM2936B or U1-Mel human cells were treated with or without ionizing radiation (450 ¢Gy) and
RNA was harvested at various times post-irradiation as described (6). xip mMRNA levels were then analyzed via dot-biot.
Peak xip mRNA levels, and times of appsearance, were derived from data presented (6).

4 Represents a subjeciive measure of the relative abundance of xip mRNAs using t-PA as a relatively abundant
transcript foliowing ionizing radiation, and thymidine kinase as a relatively raro mRNA transcript in unirradiated or X-
iradiated cells.

5 DNA sequence data was obtained from both the T and T3 primers located on the 3'- and 5'- ends, respectively, of

aach xip pBluescript cDNA ckine and analyzed as described in (6). The humology reported represents the percentage
of similar DNA sequences to known genes at both ends of the cONA inserts.

6 Recombinant Activating Gene-1.

The expression of xip transcripts was also examined following various doses of
ionizing radiation (i.e., dose-response curves for xip expressions were constructed).
Contluence-arrested U1-Mel cells were exposed to various doses of ionizing radiation
and RNA was extracted at periodic intervals thereafter, corresponding to the optimal
gxpression times of each xip transcript. xip transcript expression was subsequently
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monitored. xip transcripts. hybridizing to xip cDNA clones, xips1-8, 11, and 12 were
induced maximally at a dose of 500 cGy. Many of these and other xip transcripts (i.e.,
xipst, 2, 4, 5, 6, 9, 10, and 12) were induced by as little as 5 cGy. Other xip transcripts
(i.e., xip3, 7, 8, and 11) were not induced unless U1-Mel cells were exposed to a dose of
at least 200 cGy. , |

We aiso examined whether or not the xip transcripts were induced by other
cytotoxic agents (6)7 Confluence-arrested U1-Mal cells were treated with various doses
of ionizing radiation and other cytotoxic agents, including UV-irradiation, PMA, and heat
shock. U1-Mel cells were exposed to: X-irradiaticn doses of 200, 500, and 700 cGy; UV-
irradiation doses of 1, 10, and 30 Joules/M2; PMA doses of 1, 10, and 100 nM; and heat
shock at 44 °C for 1 hr.. The heat shock dose chosen was previously shown to result in
the synthesis of several known heat shock proteins (1,8). Doses of UV-irradiation and
PMA were chosen since these were previously shown to result in the induction of high
levels of t-PA (i.e., xip6) (7). After exposure to these cytotoxic agents, RNA was
extracted in a temporal fashion from U1-Mel celis at 0 mins., 10 mins, 30 mins, 2 hrs., 4
hrs., 8 hrs., 12 hrs., 24 hrs., and 48 hrs. After dot-biotting onto nylon membranes, the
RNAs were probed with PCR amplified, 32P-labeled xip ¢cDNA inserts. Exposure of U1-
Mel ceils to ionizing radiation provided the greatest stimulus for the production of xip
mRNA transcripts (6). Only t-PA mRNA levels were induced to greater overall levels by
UV-irradiation and PMA exposure than by ionizing radiation. mRNA transcripts
corresponding to xip4, 7, and 12 were only induced by ionizing radiation. xip1, 2, 10,
and 11 were, for the most par, greatly induced by ionizing radiation, and only slight
increases in the production of these mRNAs were observed following UV-irradiation.
These X-ray-inducible transcripts were either not affected at all, or oniy slightly induced
by PMA or heat shock treatments during the time frames examined. xip3, §, and 6 (i.e., t-
PA) were induced by all of the cytotoxic agents tested, except for heat shock. This is
an important finding with respect tc adaptive survival responses, since
xip5 was one gene whose expression dramatically increased during low
dose priming exposures. Since Its expression Increased in response to
several cytotoxic agents, this gene may play a role in the establishment of
other forms of adaptive responses to other agents. Both xip3 (i.e., DT
diaphorase) and xip11 (i.e., thymidine kinase) were induced by icnizing radiation and
UV-irradiation, but not by PMA or heat shock treatments. Only xip8 was induced in
response to ionizing radiation and PMA, but not by UV-irradiation. Exposure of U1-Mel
cells to heat shock did not result in an increased production of any of the xip mRNA
transcripts. Instead, the basal control levels of xip4, 7, 11, and 12 were decreased
following heat shock. The remaining xip mMRNA transcripts were not atfected by heat
shock.

Could the induction of these genes and their respective protein products
foliowing DNA damage be directly or indirectly involved in DNA repair? Are these gene
products also responsible for adaptive survival responses? In the first year of this grant
we have begun to invesiigate these possibilities, as well as to identify additional gene
transcripts and products which play a rele(s) in mammalian DNA repair processes,
which ultimately lead to adaptive survival responses.

2. PRELIMINARY DATA ADDRESSING THE SPECIFIC AIMS.

Hypothesis _and Specific Aims. The hypothesis that we are testing is that
specitic gene transcripts are either induced or stabilized following low
doses of ionizing radiation. These transcripts result in the production of

new gene procucts which give rise to an adaptive survival response,
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| ultlmétely leading to Increased radloresistance as & result of iIncreased
DNA repair processes.

a. Adaptive Responses In Ditfferent Human Cells. In the first 8 months of this
granting period we have made great strides in achieving the goais of Specific Aim #1.
Initially, we asked whether or not an adaptive response could be achieved in all, or a
seiect few, established human cell lines. Two normal human fibroblasts (GM2936B and
GM2907A) as well as three human tumor cell lines (U1-Mel melanoma, HEp-2 laryngeal
carcinoma, and HTB-152 lung carcinoma) were examined for the ability to establish an
adaptive response and for its prevention with cycloheximide treatments (Table 2).:

Iable 2. ADAPTIVE RESPONSES IN DIFFERENT HUMAN CELLS1.

X-RAY CHALLENGE UNIRRADIATED LOW DOSE-IRRADIATED
DOSE cELLST CELLS
LH HHM OM
Radioreslstant U1-Mel Tumor Celis
0.0 100 +2.2% 79 +3.3% 91 +3.4% 82 +5.2%
450 24 +1.6% 9 +0.9% 56 +2.1% 12 £1.5%
HEp-2 Tumor Celis
0.0 100 £3.1% 85 +4.2% B8 +3.8% ‘ 85 +1.4%
400 17 £0.6% 10 £0.2% 41 +1.2% 12 £0.1%
HTB-152 Tumor Cells
0.0 100 14.9% 79 +3.1% 89 +2.3% 71 £2.9%
400 26 +1.3% 19 +0.4% 17 +0.3% - 12 +1.0%

GM29368 Normal Ceils

0.0 100 £1.5% 82 £3.4% 93 15.8% 87 £3.2

300 21 £1.9% 13 10.6% 26 £0.9% 20 £1.1
GM2907A Normal Cells

0.0 100 +7.2% 93 +5.2% 90 +4.9% 78 £5.2%

350 18 +3.2% 15 +2.1% 22 +1.1% 16 +2.1%

1Confluence-arrested human celis were exposed 10 5.0 cGy each day for 4 days in the presence or
ahsence of 5.0 ug/mi cycioheximide (CHM). CHM exposures lasted 6 hours after each low dose irradiation,
and was removed. Cells were then refed with fresh medium not containing CHM. Low dose-exposed
human cells, or human cells which were not primed with low dose exposures, were then challenged with a
high dose of ionizing radiation. The challenging high doses of ionizing radiation were chosen based upon

previous equitoxic measurements (1) Survival levels, as measu_red via limited dilution colony torming ability,

These results indicate that following a series of low dose exposures, U1-Mel cells
were able to survive better (i.e., adapt) to a higher challenging dose of ionizing
radiation. Confluence-arrested U1-Mel cells, which were exposed to 4 doses of 5.0 cGy
over 4 days, had greater than two times higher surviving fraction following 450 cGy than
did a similar population of U1-Mel cells which were not "primed” with prior exposures to
low doses of ionizing radiation. Cycloheximide treatments (at a dose of 5.0 pg/mi),
given each day for & hours after low dose priming exposures of ionizing radiation,
prevented this adaptive response in primed U1-Mei cells. Similar inhibition of the
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adaptive response in J1-Mel cells was observed following continuous cycloheximide
exposure (0.1 ug/ml) of low dose irradiated cells. Prolonged exposure of U1-Mel cells to
cycioheximide did, however, result in a high degree of cytotoxicity. These preliminary
results indicate that U1-Mei cells are able to "adapt” to enhanced survival after repeated
challenges to ionizing radiation damage. HEp-2 cells demonstrated a similar adaptive
response as that observed with U1-Mel cells. HTB-152 cells, however, did not
demonstrate an adaptive response.

In contrast, normal human fibroblast cells were not able to carry out an adaptive
respons® under conditions in which U1-Mel cells did demonstrate such a responss.
Repeated exposures of 5.0 cGy to normal human fibroblast cells did not result in an
overall increase the survival of these cells following an equitoxic high dose challenge.
Experimants with other normal human fibroblast celis (i.e., GM2907A and IMR-90) also
did not demonstrate a convincing adaptive survival response. In summary, only two out
of six cell linas tested have, thus far, demonstrated an adaptive response. n future
experiments we will ask "Why do U1-Mel and HEp-2 cells demonstrate an adaptive
response while normail fibroblasts and HTB-152 cells do not?". The answer may be
partially explained by the model we have formulated in the next section, which is based
upon our initial preliminary data on gene expression changes following adaptive and
challenging doses of icnizing radiation. The conditions of growth, the ability of cells to
manufacture needed proteins, and the ability of cells to arest in certain points of the csll
cycle are factors which probably lead to the establishment of an adaptive response.

b.

RPON _FOUOWING AQaDlive ang Qiic |
We have identified a number of gene transcripts
whose expressions change due to low dose priming (i.e., 5 cGy) exposures and/or after
a high dose challenge (i.e., 450 cQGy) (ret. 9). We have also expanded our search for
changes in gene expression to include examining protein patterns via two-dimensional
gel electrophoresis for changes due to low dose priming and a high dose challenge.

The goals of Specific Aim #1 were to: test if the X-ray-induced cDMNA ciones
already isolated (Table 1, xip1 to xip12) were induced by low doses of ionizing
radiation, and if they accumulate in human cells upon repeated exposures to small
doses of ionizing radiation. Conventional Northern, dot-blot, and nuclear run-on RNA
analyses will be utilized to investigate the overall levels of induction and the rates at
which these new transcripts are produced following repeated low doses of ionizing
radiation. We will also screen low dose-irradiated human cells with probes
corresponding to the cDNA which encodes XIP269. We are currently in the process of
cloning this ¢cDNA via reverse genetic approaches, beginning with antibodies produced
from purified protein from 2-D gels.

Thus far, we have tested "adapted" or "unadapted"” U1-Mel cells for changes in
gene expression in four xip cDNA clones (xip1, 3, 5, and 12) and for changes in the
expression of various known genes, such as cyclin A, cyclin B, small nuclear protein,
and glutathione-S-transferase. Confluence-arrested U1-Mel cells (grown in two-
hundred, 150 mm?2 tissue culture dishes) were exposed to 5 cGy each day for 4 days to
establish a "primed" state. Control cells were treated in an identical manner, but without
exposure to ionizing radiation each day. After each priming dose, RNA and protein
samples were extracted to be later used in Northern and subtractive hybridization
experiments and for two-dimensional gel electrophoretic analysis of protein patterns,
respectively. Enough RNA was isolated to identify changes in gene expression usirg
both Northern analyses via known (including the xip cDNA clones) cDNA probes and .or
the isolation of other, more low abundant, gene transcripts which increase in response
to various low and/or high dose ionizing radiation stimuli by subtractive hybridization.

6
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Flow cytometric analyses and [3H]thymidine-labeled nuclei measurements were made
throughout the experiment to examine the state of cell division of U1-Mel cells during the
adaptive and challenging doses of ionizing radiation. Confluence-arrested U1-Mel cells
were treated as follows (Figure 1): X', 5 cGy on day 1; X2', 5 ¢cGy on days 1 and 2;
X3', 5 cGy on days 1, 2, and 3; X4', 5 cGy 0n days 1, 2, 3, and 4, X4',450, 5 cGy on
days 1, 2, 3, 4, followed by 450 cGy on day 5; X4',450 + Act D, 5 cGy each day on days
1, 2, 3, and 4 in the presence of 5 ug/ml actinomycin D for 5 hours post-irradiation,
followed by 450 c¢Gy on day 5 in.the presence of actinomycin D for 5 hours. X450, 450
cQy to unadapted cells on day 5; U1, unirradiated confluence-arrested U1-Mel cells on
day 1 of the experiment; U2, unirradiated confluence-arrested U1-Mel cells on day 5 of
the experiment.

I. Changes In xip Transcripts. The expression of xip5 was dramatically altered by
low dose priming (Figures 1A-1C). Levels of xip5 mRNA gradually built up after each
exposure to the 5 cGy priming doses of ionizing radiation (Figure 1A). Likewise, a
mRNA transcript related to xip12 (a 500 base transcript) gradually built up in response to
low dose priming events (Figure 1C). The gene transcript corresponding to the original
xip12 cDNA clone (i.e., a 10 Kb) did not change, except in response to a high dose of
ionizing radiation, and the levels of expression of this gene were not different between
primed and unprimed cells receiving 450 ¢cGy. The overall levels of both xip5 and the
xip12-related gene transcripts in primed cells following a high dose challenge were not
as high as those observed in unexposed U1-Mel cells following a single high dose (i.e.
450 cGy) of ionizing radiation (Figures 1A-C). This may signify a contro! of gene
expression due to low dose exposures. Possibly, low dose primed cells may quickly
reach plateau levels of expression of xip5 and xip12-related genes. Primed cells do not
therefore respond in the same way that unirradiated U1-Mel cells do, by inducing
massive quantities of xip5 or xip12-related gene products when exposed to high doses
of ionizing radiation. Treatment of U1-Mel cells with actinomycin D for 5 hours after
each exposure to ionizing radiation prevented the expression of xip5 both during
priming, and following a high dose challenge (Figure 1B). These results indicate that
new gene transcription, and not mRNA stabilization, is responsible for the dramatic
increases in xip5 expression following exposure to ionizing radiation. Similar results
were found for the xip12-related transcript (data not shown).
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Since the gene for xip5 is being characterized and sequenced we can now ask
several questions regarding the gene's function, which were previously outlined in
Specific Aim #3: "What is the function of this gene transcript? Does it control DNA repair
and the adaptive response, or is this gene simply the result of a vast number of
regulatory changes occurring during low dose exposures to "adapt” the cell for
increased repair and survival in response to high dose ionizing radiation exposure. We
are in the process of constructing antisense oligos and expression vectors to specifically
prevent the low dose induction of this gene. Once we are able to specifically prevent
xipS induction during the adaptive response we wiil then changes in survival and DNA
repair as outlined in Specific Aim #3.

Similar questions can be asked of the xip12-related gene, only after it's transcript is
isolated and cloned. We plan to generate various cDNA probes from the xip12 cDNA
clone via restriction enzyme digestion. Once a piece of the x1p12 cDNA is found which
binds strongly to the 500 bp region in RNA isolated from adapted U1-Mel cells, we wili
screen for a full length ¢cDNA clone using an adapted, X-ray-induced U1-Mel cDNA
library, which is being constructed trom the RNA of U1-Mel cells exposed to priming and
challenging doses of ionizing radiation as described above. Questions as to the
function of the xip12-related cDNA clone may lhen be asked
ii. Changes . » ripis owing lonizing
Radiation. We have also used the RNA generated from the adaptlve response
experiment above to screen for changes in the expressions of various known genes
(Figures 1D-1F). Cyclin A, and to a lesser extent cyclin B were induced in primed celis
following a high dose challenge of ionizing radiation (Figures 1D and 1E). Cyclin genes
were examined initially since XIP proteins were known to be cell cycle regulated and
since changes in cyciin B were reported following acute doses of ionizing radiation in
HeLa cells (10). Interestingly, changes in the expression of either cyclin A or cyclin B
were not observed in untreated (i.e., "unadapted”) U1-Mel cells, either exposed or not
exposed to a challenging high dose ot ionizing radiation. Other genes, such as
glutathione-S-transferase (Figure 1F) and the small nuclear protein (not shown) did not
change, either foilowing adaptive low dose or high dose challenging exposures.
Ethidium bromide stained gels were inciuded to demonstrate small differences in
amounts of RNA loaded. For example, lane 2 was loaded with slight more RNA than the
other lanes and slight increases in transcript levels in these wells must be compensated
for. After densitometric readings of band intensities, cyclin A was found to increase 3-
fold, while cyclin B levels increased 50% in primed cells exposed to 450 cGy compared
to unadapted cells treated with 450 cGy. The data obtained thus far with these gene
transcripts can be formulated in a model of how the adaptive response may be achieved
in centain cells, and is diagramed in Figure 2 below (ref. 9).

C. Are Changes In Cyclin A and Cyclin B Responsible For The Adaptive
Response? A Proposed Model. At present, cyclin A and cyclin B are genes which
are known to control the progression of eukaryotic cells through cell division. Yet under
the conditions of our experiments, Ui-Mel cells did not progress into S-phase as
observed by [3H]thymidine-labeled nuclei (Figure 2) and fiow cytometric analiyses (not
shown). The incuction of cyclin A under these conditions may indicate an involvement
of this gene product in stimulating DNA repair, without a full stimulation of cell division.

This could be due in part to a lack of all necr.ssary factors to push U1-Mel cells into cell )

division (including space limitations) as well as the X-ray-inducible expression of certain
genes which prevent movement through cell division after DNA damage [e.g., the
growth arrest and DNA damage-inducible (gadd) genes (11,12)]. Based upon these
preliminary data we have developed a model in which an adaptive response may be
achieved in mammalian cells (Figure 2).:
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FIGURE 2. Model Explalnlng the Establishment of An "Adapted" Condition.
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Initially, cells are arrested in Gy or at some pointin Gy. Upon repeated exposures
to low doses of ionizing radiation (i.e. 5 cGy per day for 4 days) celis progress to, and
arrest at, an "A" (for "Adaptive”) arrest point at or near the G1/S border of the cell cycle,
thus explaining the readily inducible Iavels of cyclin A after high dose ionizing radiation
exposure; cyclin A levels begin to appear at the Go/G1 border (10). It is possible that
gene transcripts which build up slowly in response to priming doses (i.e., xip5 and
xip12-related mRNAs) produce proteins that regulate or control those transcripts which
appear only in response to a high dose challenge (e.g., cyclin A). At the "A" point,
cells are "poised” to stimulate various DNA repair systems which are not
inducible in the initial Go/Gy-arrested state, but are eventually required to
establish an "Adaptive Response”. We will attempt to test this model using the
techniques and experimental plan outlined in Specific Aim #3.
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D. Future Investigations.
1. ; .
In the second year of our studies we will continue screening for changes in known
genes and xip transcripts using the RNA isolated in Specific Aim #1. Once a gene
transcript has been identified which is affected by low and/or high dose exposures of
ionizing radiation we will study these genes in terms of the goals identified in Specific
Aim #3. '

In the later part of Year 1 and the early part of Year 2, we will begin to construct
cDNA libraries using "primed or adapted” U1i-Mel cells either exposed to, or not
exposed to, a high dose challenge of 450 cGy ionizing radiation. cDNA libraries from
unirradiated U1-Mel cells and from singe-dose-exposed (450 cGy) U1-Mel cells will also
be constructed for use in subtractive hybridization screening. We will construct
subtracted libraries from primed as compared to unprimed confiuence-arrested U1-Mel
celis and from primed U1-Mel cells exposed to, or not exposed to, a 450 cGy
challenging dose of ionizing radiation.

The experiments described in Specific Aim #2 will not, however, be completed in
the course of this grant. It will take 3 to 5 years to isolate, identify, characterize and
determine the function of low abundance gene transcripts which are affected by low
dose priming and/or high dose challenging exposures of ionizing radiation. The goals
of Specific Aim #2 were: to use subtractive and/or differential cDNA cloning
hybridization techniques to select for, isolate, sequence, and characterize new mRNA
transcripts induced following repeated low doses of ionizing radiation as compared to
unirradiated or high dose-irradiated human melanoma cells. DNA sequences of the
isolated low dose-induced cDNA clones will be obtained, compared to previously
sequenced genes via GenBank analyses (including the xip genes 1-12 previously
discussed), and their temporal induction levels will be characterized.

The nature of these goals are long-term, and will required additional funding and

several v'sars to complete. The experiments are essential to better understand the
genes which control the adaptive response and DNA repair processes following
ionizing radiation. We will, of course, begin these experiments but the results must not
be expected for several years. Isolation and characterization of genes controlling the
adaptive response will be required to better understand radioresistance, and how it
develops in certain human and other mammalian cells.
2. Investigation Of The Function(s) Of Gene Transcripts Which Vary
During The Establishment Of Adapted Conditions. Now that two classes of
geres have been found which are alter during low dose exposure, we may now begin to
investigate what their functions are during the adaptive response in U1-Mel cells (Figure
1). Class | genes (i.e., xip5 and the xip12-related transcripts) are those that build up
slowly in response to low priming doses of ionizing radiation. Class Il genes (i.e., cyclin
A and B) are those which appear not to be affected by low dose adapting doses of
ionizing radiation, but then appear in response to a high dose challenge. Since Class Il
genes do not appear after single acute doses of ionizing radiation, these genes may be
directly involved in the subsequent radioresistance which accompanies the adaptive
response. As outlined previcusly, we will investigate the functions of these genes using
the techniques and experimental plan outlined in Specific Aim #3.

The goals of Specific Aim #3 were: once low-dose induced CDNA clones have
heen isolated, we will investigate the function of these cDNA clones via antisense cDNA
constructs. The effects of gpecitic gene down-regulation on cell survival recovery (i.e.,
PLDR), adaptive responses, and physical DNA break repair (using alkaline and neutral
filter elution techniques) will be examined. Antisense cDNA constructs corresponding to
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any of the *welve xip clones which demonstrate low dose induction in Specific Aim #1
will be constructed and utilized to determine their invelvement in repair and/or
radioresistant adaptive responses. Conventional plasmid transtection or a2 new HSV-1
viral vector capable of holding up to 40 Kbp of ingseried cDNA will be utilized for these
experiments (13). Northern biot and nuclear run-on RNA analyses will be utilized to
ensure that specific gene down-regulation (corresponding to the chosen xip gene) has
occurred.  Once candidate ¢cDNA clones thought to be involves in DNA repair have
been isolated, complementation studies (via ¢cDNA clone transfection into various
cancer-prone celis) will be attempted to investigate the possibility of correcting (probably
partial correction will result) individual DNA repair defects in cancer-prone cells. Wa will
initially focus on clening and functionally characterizing the gene for XIP269 (for which
we aiready have a polyclonal antibody), since it has previously been shown to be
involved in DNA repair processes following iohizing radiation (1,5). |

Using cDNA clones for cyclin A and cyclin B as well as for xip5 and the xip12-
related cCONA, we hone to begin the experiments outlined in Specific Aim #3. The cDNA
clones generated in Specific Aim #2 will also be investigated using this experimental
plan, when these cDNA clones have bean isolated and characterized. |

E. Previous Time Frame of Investigations.

~ As a reminder, | have included my original time frame of experimentation in the
initial grant proposal . We have made great progress in the first year of this proposal, yet
we have & long way 1o go in understanding the regulation and function(s) of genes
involved in establishing an "Adaptive Response” in centain human cells. We will follow
the previously described experimental plan to carry out the goals outlined in the figure
below (Figure 3). |

The following diagram outlines the genera! research plan of attack described in

this proposal for investigating the involvement of mRANA transcripts induced by low
doses of lonizing radiation in adaptive survival responses.: |

Figure #2.
TIME FRAME OF EXPERIMENTATION
YEAR 1 YEAR 2 ‘ YEAR 3 YEAR 4 VEABJ_I
investigate Whether or Nut cDMNA Clones 1
1 xip 1t 13 Are Induoad During the ] Specitic Alm #7
Adaptive survival Response In Radio- /

resistant Human U1-Meal Cells.
-Northern 8Blot Analysos,
Muciear Run-On and Dot-Biot Experiments.
-XIP289 Protein Detoctivn Via Antibody,

(GONA For X\P260 Will Be Cloned), Specltic Alm ¥2

Cloning of Low-Done X-Ray-induced mMRANA Transoripts
Vie Subtractive ari/or Ditferential Hybridization.
-Northern mRNA Analyses.

“DNA Sequencing of cDNA Clones. iy
~GenBank Sequence Analysse. / Specific Alm #3

Functivnal Anslysee Of Low-Doss-induced Qene Products.
~Antisense Construct Production and Testing.
-Complermentation Testing In Human Cancer-Prone Celig,
~Endpaints Used Wil Inclurde Survivel (Adaptivity)

Measuramaenis, DNA Bresk Repair Studies, snd
Northerviucizar Run-On Analyses.

Please note that | had originally requested a 5 year granting period. The long-term

goals of this project will require additional funding, yet at a lower overall annual cost,

after the third year.
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Summary. The overall goal of this proposal is to clone low dose X-ray-induced genes
via molecular biology cloning techniques. | have been successful at identitying sevaral
genes whose expressions are alter during the establishment of, and actual processes
occurring in, the adaptive response of U1-Mel cells. | will, in the next year or so,
investigate the kinetics of expression of these genes, and whether or not other
environmental stresses affect the expressions of these genes via Northern blot
analyses. Finally, | will begin to investigate the function(s) of these genes within the cell,
either under normal conditions of growth or following X-irradiation. Coriplementation
stuaies, antisense RNA analyses, and DNA repair endpoints (i.e., survival recovery or
alkaline/neutral fitter elution studies) wili be combined to examine the possibility of
correcting the repair deficiencies and enhancing adaptive sutvival recovery responses
in certain human cancer-prone cells. Since many of the xips identified by 2-D gel
electrupharesis were cell cycle regulated (1), the factors turning them on and off within a
rormal cell cycle may be clearly related to the events occurring in human cells following
a genatic insult. This theory has been strengthened by our recent findings that cyclin A,
and to a lesser extent cyclin B, change in response to low dose priming and high dose
challenging exposures of ionizing radiation.

F. Human Subjecis. None.
G. Yertebrate Anlmals. None in this propesal.
H. consylteris/Collaborators. None.

I. Concortium/Centractual Arrangements. None.
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