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Altered Protein Synthesis in Ataxia-Telangiectasia Fibroblasts? 

John P. Murnane* and Robert B. Painter 

ABSTRACT: Analysis of protein production in various strains 
of ataxia-telangiectasia (A-T) fibroblasts demonstrated the 
overproduction of a group of secreted proteins and variations 
in the protein characteristics of the extracellular matrix. The 
most prominent differences involved fibronectin, which was 
identified by immunochemical analysis. One- and two-di- 
mensional gel electrophoresis demonstrated differences in the 
production, accumulation, and molecular weight of fibronectin 
on the cell surface and in the culture medium as compared 

Ataxia-telangiectasia (A-T) is an autosomal recessive hu- 
man genetic disease characterized by neurological disorders, 
immune deficiencies, a high incidence of cancer, and sensitivity 
to ionizing radiation (Kraemer, 1977; Bridges & Harnden, 
1982). The biochemical lesions involved in this disease have 
yet to be determined, but various lines of evidence indicate 
that abnormalities in coordination of DNA synthesis are 
somehow involved. A-T cells have a prolonged S phase 
(Cohen & Simpson, 1980; Murnane & Painter, 1982) despite 
their normal rate of DNA chain elongation (Kapp & Painter, 
1981) and fail to demonstrate the inhibition of replicon ini- 
tiation normally occurring in the presence of X-ray-induced 
DNA damage (Edwards & Taylor, 1980; Houldsworth & 
Lavin, 1980; Painter & Young, 1980). With the use of these 
observations, A-T strains have been categorized into at least 
five complementation groups representing separate gene mu- 
tations (Murnane & Painter, 1982; Jaspers & Bootsma, 
1982b). 
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to normal human fibroblasts. Three other secreted proteins 
with molecular weights of 185 000, 150 000, and 70 000 were 
also observed to be produced in excess amounts in some strains 
of A-T. The finding that extracellular matrix alterations are 
involved in the abnormal DNA synthesis and reduced cell 
survival in A-T cells in response to X radiation would be 
additional evidence for a close association between the ex- 
tracellular and nuclear architecture. 

The possible role of chromatin conformation in regulation 
of DNA synthesis (Blumenthal et al., 1973) has led to the 
proposal that these mutations may involve structural irregu- 
larities in packaging of DNA (Painter & Young, 1980). To 
gain further insight into the possible relationships of various 
structural proteins to the A-T phenotypes, we compared 
protein content and production in fibroblasts from several 
normal, A-T, and other human genetic disease strains. Al- 
though initial experiments centered around investigation of 
nuclear proteins, these studies demonstrated major differences 
in the extracellular matrix proteins, which were then further 
characterized. 

Materials and Methods 
Cells. Normal human skin fibroblasts HS-1 and HS-27 

were established by the Cell Culture Facility, University of 
California, San Francisco. AT3B1, ATSBI, and AT7BI skin 
fibroblasts were provided by D. G. Harnden and A. M. R. 
Taylor, University of Birmingham, England, and AT2SF skin 
fibroblasts were provided by Diane Wara, Department of 
Pediatrics, University of California, San Francisco. A-T 
strains AT3BI and AT5BI represent separate complementation 
groups (Murnane & Painter, 1982; Jaspers & Bootsma, 
1982b); AT5BI and AT7BI have been reported to be proficient 
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and AT3BI deficient in X-ray-induced excision repair (Pa- 
terson, 1978). All cells were grown in minimal essential 
medium (Gibco) containing 15% fetal calf serum (Gibco) 
without antibiotics. Experiments were conducted with fi- 
broblasts subcultured 15-25 times in Falcon 75-cm2 tissue 
culture flasks. Confluent nongrowing cultures in depleted 
medium were prepared by subculturing confluent cells one to 
three, allowing the cells to grow to confluence again, and 
incubating them for 2 weeks without a change of medium. 
This medium was then used for subsequent chase incubations. 
Comparisons between growing and nongrowing cells were 
made by replating confluent cells at a lower density three days 
before preparation of samples. 

Cell Labeling. Cellular proteins were radiolabeled with 25 
pCilmL ['SS]methionine (Amersham; sp act. 1500 Cilmmol) 
in methionine-free minimal essential medium without fetal calf 
serum. All labeling was preceded by two rinses in methio- 
nine-free medium and, in the case of short pulses, a 30-min 
preincubation in this medium. 

Cell Sample Preparations. After two rinses in phos- 
phate-buffered saline, cells were scraped off and centrifuged 
at 200g. Samples of whole cells were dissolved directly in 
sample buffer. After removal of debris by centrifuging at 
IOOOOg for 20 min, proteins were precipitated from the me- 
dium by the method of Peters & Comings (1980). Briefly, 
after the addition of fresh phenylmethanesulfonyl fluoride and 
1% sodium dodecyl sulfate (NaDodSO,), the supernatant was 
dialyzed first against 5 mM mercaptoethanol and then against 
95% ethanol. The protein-NaDodSO, precipitate was then 
pelleted at 500g, dried, and dissolved in sample buffer. 

One-Dimensional Gel Electrophoresis. Samples containing 
25 000-35 000 cpm dissolved in NaDodSO, sample buffer 
[2.3% NaD~dSO~4 .0625  M Tris (pH 6.8)-10% glycerol-5% 
2-mercaptoethanol-O.OOl% bromophenol blue] were solubi- 
lized by boiling for 5 min and separated on 5-20% poly- 
acrylamide gradients as previously described (OFarrell, 1975). 
After 5-6 h at 30 mA per 120 X 140 X 1.5 mm gel, gels were 
either stained with Coomassie blue (Peters & Comings, 1980) 
or prepared for fluorography by swirling in Enhance (New 
England Nuclear) for 2 h, followed by 1 h in water before 
drying and exposure on X-Omat AR X-ray film (Kodak) for 
1-2 days. Protein half-lives and modifications of molecular 
weight were then quantified by densitometer scans of the 
exposed X-ray film. 

TweDimensional Gel Electrophoresis. Samples containing 
500000 cpm in 20 pL of isoelectric focusing sample buffer 
(9.5 M urea, 2% Nonidet P40, 5% 2-mercaptoethanol, 1.6% 
pH range 5-7 ampholytes, and 0.4% pH range 3-10 ampho- 
lytes) were first separated by charge in 120-mm isoelectric 
focusing gels and then separated by size in 5-20% acrylamide 
gels as previously described (OFarrell, 1975). Gels were 
prepared for fluorography as described for one-dimensional 
gels and exposed for 3-5 days. The charge gradient of the 
isoelectric focusing gel was determined by placing gel slices 
in distilled water overnight before measurement of pH. 

Immunochemical Labeling of Gel Blots. Proteins were 
transferred from acrylamide gels to nitrocellulose paper by 
using procedures described by Towbin et al. (1979) as modified 
by Matus et al. (1980). Transfers were performed for a 
minimum of 3 h a t  400 mA by using a Bio-Rad Trans-blot 
cell. Amido black staining and double-antibody labeling with 
goat anti-human fibronectin (Cappel Laboratories) and 'rsI- 
labeled rabbit anti-goat immunoglobulin (Miles-Yeda) were 
carried out as described by Matus et al. (1980). The anti- 
human fibronectin was prepared by using cold-insoluble 
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FIGURE 1: Two-dimensional gel electrophoresis of fluorograms of 
proteins from normal and A-T fibroblasts. HS-27 and ATZSF fi- 
broblasts were incubated for 4 h with 25 wCi/mL [35S]methionine 
in exponential growth, and proteins were separated by twdimensional 
gel electrophoresis. (A) HS-27 whole cells; (B) AT2SF whole cells. 
The pH range of the isoelectric focusing gel is shown at the top, and 
the position of molecular weight markers (XIO') consisting of filamin 
(240000). myosin (200000). macroglobulin (IS5000), phosphorylase 
(94000). bovine serum albumin (68 000). and globulin subfragment 
(50000) are shown on the left. Large arrowheads indicate the major 
A-T-enhanced proteins, and small arrows indicate other protein 
differences between these cell types. 

globulin purified from fresh human plasma; immunoelectro- 
phoresis by Cappel Laboratories demonstrated it to be mo- 
nospecific. 

Collagen Digestion. After 30-min labeling with ["SI- 
methionine, fibroblasts were rinsed with phosphate-buffered 
saline, scraped off, and centrifuged. Cell pellets were then 
resuspended in 50 mM Tris (pH 7.4)-1 mM CaCI,, followed 
by boiling for 5 min and brief sonic disruption. Protease-free 
collagenase (Advance Biofactures, type 111) was added to 50 
units/mL and the solution was incubated at 37 "C. Digestion 
was stopped by the addition of an equal volume of 2X elec- 
trophoresis buffer and boiling for 5 min. 

Results 
Two-Dimensional Gel Electrophoresis. Preliminary analysis 

of proteins from exponentially growing normal human (HS-27) 
and A-T (AT2SF) skin fibroblasts demonstrated striking 
differences in the production of two major proteins after 4-h 
labeling with [35S]methionine (Figure I ,  large arrows). These 
proteins appeared heterogeneous, with molecular weights of 
220000-240000 and 180000-190000 and isoelectric points 
of 6.84.6 and 6.8, respectively. Although these were two of 
the most intensely labeled regions in whole-cell preparations 
from A-T cells, only small amounts of label were observed in 
these regions in identical preparations from normal cells. 
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FIGURE 2: One-dimensional gel electrophoresis of fluorograms of 
proteins from normal and A-T fibroblasts. Wholecell preparations 
from exponentially growing cells pulse labeled for 30 min with 25 
pCi/mL ['SS]methionine are shown for (a) ATZSF, (b) AT3B1, (c) 
ATSBI. (d) AT7B1, (e) HS-I, and (0 HS-27. Positions of A-T- 
enhanced proteins A-D are shown along with molecular weight 
markers (XIO'), listed in the legend to Figure I .  

Additional studies comparing the two-dimensional gels from 
whole-cell preparations of ATSBI and AT7BI cells with 
normal HS-1 cells gave similar results (data not shown). Small 
arrows indicate other minor differences, some of which varied 
among different preparations hut were not observed on one- 
dimensional gels. 

One-Dimensional Gel Electrophoresis. Figure 2 compares 
proteins in whole-cell preparations from exponentially growing 
A-T and normal cells that were labeled with [3SS]methionine 
for 30 min. As shown in Figure 1 for AT2SF, strains AT2SF, 
ATSBI, and AT7BI all showed a 3-6-fold increase in pro- 
duction of proteins of 220-240 and 185 kilodaltons when 
compared to normal cells. In addition, one-dimensional gels 
show that two proteins with molecular weights of 150000 and 
70000 were also overproduced by 34-fold in these cells. These 
four proteins will be referred to as A, B, C, and D in order 
of decreasing molecular weight. Some variation in production 
of these proteins does exist among A-T strains, because the 
'repairdeficient" strain AT3BI (Paterson, 1978) demonstrated 
normal production of proteins A and D (Figure 2) and strain 
AT6BI showed normal production of proteins B and C (data 
not shown). Neither growth conditions nor cell age was re- 
sponsible for these differences, because similar results were 
obtained in confluent cultures and in cultures with as widely 
varying passage numbers as 6-30. 

Figure 3 demonstrates total Coomassie blue stained protein 
in wholecell preparations from both exponentially growing 
and confluent nongrowing A-T and normal cells. Bands B-D 
cannot be observed in these gels. A band corresponding to 
protein A in Figure 2 (220000-240000) does appear; it is 
considerably increased in nongrowing cultures and is sub- 
stantially greater in all four A-T strains compared to their 
normal cell counterparts. Differential kinetics of synthesis or 
breakdown of protein A has therefore been found to he 
characteristic of all A-T fibroblasts studied, despite its normal 
rate of production in strain AT3BI (Figure 2). Another band 
appears to be increased in nondividing A-T strains AT2SF 
and AT7B1, a 170-kilodalton protein occurring at equivalent 
amounts in all the strains shown in Figure 2. 

Proof of similar effects of confluence on all the strains tested 
could be shown after ['5S]methionine labeling, since all showed 
an approximate 70% reduction in ["S]methionine incorpo- 
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FIGURE 3: One-dimensional gel electrophoresis of Coomassie blue 
stained proteins from normal and A-T fibroblasts in growing and 
nongrowing cultures. Whole-cell preparations of confluent nongrowing 
(a, c, e, g, i, k) and exponentially growing (b, d, f, h, j, I )  cultures 
were alternated for AT2SF (a, b), AT3BI (c. d), ATSBI (e, 0, AT7BI 
(g, h), HS-I (i, j), and HS-27 (k, I) fibroblasts. Positions of molecular 
weight markers (XlO'), actin (Ac), and vimentin (Vi) are shown. 
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FIGURE 4 One-dimensional gel electrophoresis of fluorograms of 
proteins from normal and A-T fibroblasts during pulsechase labeling. 
Wholecell preparations of HS-27 and ATZSF fibroblasts pulse labeled 
for 30 min with 25 pCi/mL [''S]methionine are shown immediately 
(0) and after 2-, 6-, 1 2 ,  and 24-h chase periods. Positions of A-T- 
enhanced proteins, A-D, and molecular weight markers are shown. 
ration as well as altered patterns of protein labeling, with 
reduced incorporation in several prominent bands (data not 
shown). 

PulseChase Studies. Pulse-chase experiments (Figures 
4 and 5) demonstrated the turnover rates of the four proteins 
of interest and resolved the differences seen in labeled and 
unlabeled preparations. Because equal amounts of acid-pre 
cipitable ["S]methionine were added to each well, these studies 
demonstrate turnover only in relation to the other observed 
proteins, which remained nearly constant relative to one an- 
other during this time period (Figure 2). Incorporation of 
[%]methionine almost ceased after its removal from the 
medium, with only an additional 20% further incorporation 
that leveled off by 15 min; the specific activity of total cell 
protein decreased by 25% after 24 h (data not shown). 

The diffuse protein A hand had two components, which 
differed in their kinetics of turnover. The first, which disap- 
peared by 2 h (Figure 4) in both HS-27 and ATZSF, had a 
half-life of about 60 min (Figure Sa). The second component 
(approximately 50%) remained nearly constant for up to 24 
h. 
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NOURE 5: One-dimensional gel electrophoresis of fluorograms of 
proteins from growing and nongrowing A-T fibroblasts during 
pulse-chase labeling. Whole-cell preparations of exponentially growing 
(a) and confluent nongrowin (b) AT2SF fibroblasts pulse labeled 
for 15 min with 25 pCi/mL &]methionine are shown immediately 
(0) and after 1%. 30-, or 60-min or 2-, 4, or 8-h chase periods. (Inset) 
Fluorograms of proteins A and B during 4-h ["S]methionine labeling 
of growing ( I ,  3) and nongrowing (2.4) AT2SF fibroblasts. Positions 
of A-T-enhanced proteins A-D, as well as molecular weight markers 
(XlO'), actin (Ac). and vimentin (Vi) are shown. 

The 185-kilodalton protein (B) and the 150-kilodalton 
protein (C) both disappeared by 2 h (Figure 4) and were 
replaced by slightly larger bands of reduced intensity. The 
kinetics of this process was similar in both HS-27 and AT2SF 
cells, with almost complete elimination of these bands by 6 
h. Observation of this process at shorter intervals in A-T cells 
(Figure 5a) and in HS-27 cells (data not shown) showed a 
gradual increase in molecular weight in both proteins B and 
C, accompanied by their eventual disappearance with half-lives 
of approximately 2 h. The heavily labeled band of protein 
D (70 kilodaltons) seen solely in A-T cells was completely 
absent by 2 h (Figure 4) and had a half-life of less than 30 
min (Figure Sa). 

Only two other prominent proteins appeared to be rapidly 
turning over in these cells. One protein of 170 kilodaltons had 
a half-life of 1 h (Figure 5a) and was labeled equally in both 
A-T and normal fibroblasts (Figures 2 and 4). A second 
protein of 45 kilodaltons had a very short half-life of less than 
30 min, similar to protein D. 

Absence of cell division affected modification and turnover 
of these proteins to varying extents. Figure 5b shows the same 
experiment as Figure 5a but in confluent rather than growing 
A-T cells. Protein B, protein C, and the 170-kilodalton protein 
all showed a reduction in this rate of modification by at least 
4-fold, as can be seen by the fact that these bands did not begin 
to disappear until 8 h after labeling (Figure 5b). Similar 
results were obtained for HS-27 cells. The influence of cell 
division on protein A, however, differed considerably between 
normal and A-T fibroblasts. Although growth conditions had 
no effect on the size of proteins A and B in HS-27 cells, 
nongrowing A-T cells showed a reduction in molecular weight 
in protein A equivalent to 10000. This growth-dependent 
difference in modification of protein A can be seen clearly in 
gels that alternate protein preparations from growing and 
nongrowing A-T cells labeled for 4 h (see inset to Figure 5) 
and has been seen in all A-T strains tested. The difference 
in size of protein A does not appear to be a result of enhanced 
proteolytic degradation, because it was apparent almost im- 
mediately after synthesis, with no further change even after 
24 h (Figures 4 and 5). 

FIOURE 6 One-dimensional gel electrophoresis of fluorograms of 
proteins isolated from growth medium from normal and A-T fi- 
broblasts. HS-21 and AT6BI fibroblasts were labeled for 4 h with 
25 pCi/mL ["S]methionine in exponential growth, and proteins 
precipitated from the growth medium were separated on one-di- 
mensional gels. (1) Wholecell preparation from the 4-h-labeled HS27 
cells; (2) secreted proteins from HS-27 cells; (3) secreted proteins 
from AT6BI cells, Positions of A-T-enhanced proteins A-C as well 
as actin (Ac) and vimentin (Vi) are shown. 

Protein Characterization. Evidence for rapid turnover of 
these proteins suggested the possibility that they were secreted, 
especially since fibroblasts are known to secrete a number of 
different proteins (Hynes, 1981a; Yamada, 1981). Figure 6 
demonstrates that all four proteins (A, B, C, and D) were 
present in the medium isolated from HS-27 and AT6BI cells 
after a 4-h pulse. As in confluent cells, secreted protein A 
again appeared approximately 10 kilodaltons smaller in A-T 
cells than in HS-27 cells. Also consistent with other experi- 
ments, the quantity of secreted proteins A and D was greater 
by 3-fold in A-T cells, since the quantity of sample added was 
adjusted for the total protein present in the producing cells. 
The portion of protein A that was retained by the cells (Figures 
4 and 5) was demonstrated to be a cell surface component by 
[12SI]lactoperoxidase labeling (data not shown). Proteins B 
and C were found in identical amounts in the medium of 
HS-27 and AT6BI fibroblasts, which is consistent with the 
normal production of these two proteins in AT6BI fibroblasts. 

Several properties associated with protein A suggested it 
was fibronectin. These included (1) its molecular weight and 
diffuse banding in gels, (2) its modification properties and 
turnover rates, (3) its secretion and presence on the cell surface, 
and (4) its buildup in confluent cells (Hynes, 1981a; Yamada, 
1981). Immunochemical analysis using antiserum prepared 
against human plasma fibronectin (Figure 7) confirmed that 
protein A was fibronectin. The identical patterns of stained 
and radiolabeled proteins demonstrate that A-T fibroblasts 
have much more fibronectin than normal fibroblasts and that 
it accumulates on confluent cells. 

It was considered likely that protein bands B and C were 
the oll and a 2  forms of procollagen owing to the similarity 
in their turnover rates, electrophoresis banding patterns, and 
secretion from human fibroblasts (Uchida et al., 1979). Di- 
gestion studies with collagenase demonstrated that the B and 
C proteins were selectively degraded by this enzyme (Figure 
8) and that, therefore, A-T fibroblasts also overproduce 
procollagen. 

Discussion 
A-T is an interesting human mutation for several reasons, 

including the A-T cell's sensitivity to X rays (Taylor et al., 
1975) and abnormalities in DNA synthesis (Painter & Young, 
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n c U R E  7 Immunochemical analysis of protein A in preparations of 
normal and A-T fibroblasts. Whole-cell preparations from nongmwing 
( I )  and growing (2) HS-27 fibroblasts and nongrowing (3) and 
growing (4) AT6BI fibroblasts were separated on one-dimensional 
acrylamide gels and transferred to nitrocellulose paper; total proteins 
were stained with amido black (left) or fibronectin was identified by 

double-antibody labeling (right). Positions of protein A (A) and 
actin (Ac) are shown, 
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FIGURE 8: One-dimensional gel electrophoresis of fluorograms of 
proteins from A-T fibroblasts digested with collagenase. Whole-cell 
preparations of ['sS]methionine-labeled cells were either dissolved 
directly in sample buffer ( I ) ,  boiled for 5 min and sonically disrupted 
(2). boiled for 5 min, sonically disrupted, and digested at 37 "C with 
50 units/mL collagenase for 5 min (3), or boiled for 5 min, sonically 
disrupted, and incubated at 37 OC for 15 min without collagenase 
(4). Positions of proteins B and C are shown on the left, and molecular 
weight markers (XlO)) are shown on the right. 

1980; Houldsworth & Lavin, 1980; Edwards & Taylor, 1980; 
Cohen & Simpson, 1980; Murnane & Painter, 1982). Al- 
though deficient DNA excision repair is suggested to be di- 
rectly involved with this disease (Paterson et al., 1976), only 
about half of A-T isolates demonstrate this property (Patmon, 
1978), and recent evidence suggests this phenomenon is not 
of primary importance (Jaspers & Bootsma, 1982a). 

Another hypothesis is that irregularities in chromatin con- 
formation cause abnormalities in DNA synthesis and pack- 
aging in the presence of DNA damage (Painter & Young, 
1980). This is consistent with other studies suggesting that 
interference with regulation of progression through the cell 
cycle in cells with damaged DNA can enhance lethality 
(Murnane et al., 1980, 1981; Painter, 1980). 

The results of the experiments reported here suggest that 
A-T fibroblasts differ from other human skin fibroblasts with 
respect to the biosynthesis of a number of extracellular pro- 
teins. In addition to fibronectin and collagen, ['4C]glucos- 
amine labeling (Nishimoto et al., 1982) demonstrated the 
overproduction of proteoglycans in several A-T strains (data 
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not shown). The 70-kilodalton band may be serum-binding 
protein, an additional protein secreted by fibroblasts that, like 
fibronectin, is involved in cell adhesion (Hayman et al., 1982). 
Fibronectin, collagen, and proteoglycans are closely interacting 
components of the extracellular matrix, which is involved in 
cell attachment and proper cellular interaction (Hynes, 1981b; 
Yamada, 1981). Fibronectin is also closely associated with 
the cytoskeleton, and disruption of either structure interferes 
with the normal architecture of the other (Hynes, 1981b). 
Fibronectin is nearly absent from the surface of transformed 
fibroblasts owing to both decreased production and decreased 
binding (Vaheri & Ruoslahti, 1975; Olden & Yamada, 1977), 
and its addition to these cultures reconstitutes normal cell 
morphology (Yamada et al., 1976; Ali et al., 1977). 

Abnormalities in components of the extracellular matrix 
could explain the defective tissue differentiation suggested to 
be the basis for this disease (Peterson et al., 1966; Waldmann 
& McIntire, 1972); however, it is not immediately apparent 
how to correlate our findings with the abnormal DNA syn- 
thesis associated with A-T. Several possibilities could explain 
these seemingly diverse phenomena: (1) Components of the 
extracellular matrix could have additional functions in chro- 
matin. This is consistent with the high binding affinity of 
fibronectin for DNA and its reported presence in the nucleus 
(Zardi et al., 1979). Glycosaminoglycans, which have been 
suggested to modulate fibronectin binding on the cell surface 
(Perkins et al., 1979; Oldberg & Ruoslahti, 1982), have also 
been reported by several investigators to be located in the 
nucleus (Stoddart, 1979; Furukawa & Bhavanandan, 1982) 
and appear to influence the rate of DNA synthesis in isolated 
nuclei (Coffey et al., 1974; Furukawa & Bhavanandan, 1982). 
Evidence for the presence of fibronectin or glycosaminoglycans 
in the nucleus must be reviewed critically, however, because 
of the difficulty in separating the nucleus from the cytoskeleton 
and the fibronectin associated with it (Brown et al., 1976; 
Hynes et al., 1976; Hodge et al., 1977; Staufenbiel & Deppert, 
1982). (2) Alterations on the cell surface may influence the 
cellular response to DNA damage. Numerous reports now 
demonstrate the importance of cell membranes in determining 
sensitivity of cells to DNA damage (Szumiel, 1981). In ad- 
dition, the close association of the extracellular matrix, cy- 
toskeleton, and nuclear matrix has led to the suggestion that 
the external architecture can lead directly to alterations in the 
nucleus (Penman et al., 1981; Bissell et al., 1982). (3) Ab- 
normalities in protein secretion and the extracellular matrix 
may not be directly involved with the defects in DNA synthesis 
but may be independent secondary consequences of the actual 
mutation. Our results could solely reflect differences in the 
types of cell strains isolated from A-T patients and the large 
variation in production of fibronectin observed in different cell 
types (Yamada et al., 1976). This may be more consistent 
with the finding that A-T lymphoblastoid cells are also sen- 
sitive to X-rays (Chen et al., 1978). despite the absence of 
detectable fibronectin in these cells (personal observation; 
Hynes, 1981a); however, other cell surface components and 
their interrelationships are critical in proper lymphocyte re- 
sponse and are closely associated with nuclear function (Hume 
& Weidemann, 1980). Surface changes could also explain 
the impaired A-T lymphocyte response to phytohemagglutinin 
activation (Cohen & Simpson, 1982). 

Although Fanconi's anemia fibroblasts appear to produce 
normal amounts of the A-T-enhanced proteins, xeroderma 
pigmentosum group A fibroblasts also synthesize increased 
amounts of these proteins, although to a lesser degree than 
do A-T cells (personal observations). This may reflect the 
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similarities in these two genetic diseases, as already indicated 
by the numerous clinical features they have in common 
(Kraemer, 1977). The situation is further complicated by the 
heterogeneity among the A-T strains themselves; fibronectin 
accumulates in all four A-T strains in confluent cultures, but 
one of them (AT3BI) does not show enhanced production. 
Because complementation analysis has detected multiple 
subgroups in A-T (Murnane & Painter, 1982; Jaspers & 
Bootsma, 1982b), these differences in protein synthesis among 
cell strains are not unexpected and may further demonstrate 
the heterogeneity of this syndrome. 
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