
Origin of Fibroblasts in Wound Healing: *
An Autoradiographic Study of Inhibition of Cellular

Proliferation by Local X-Irradiation

HERMES C. GRILLO, M.D.

From the John Collins Warren Laboratories of the Huntington Memorial Hospital, the Robert W.
Lovett Memorial Unit for the Study of Crippling Diseases, and the Department of

Surgery of the Massachusetts General Hospital and Harvard Medical School

SURGICAL HEALING is considered to have
occurred when tissue continuity has been
restored, following wounding, to a strength
approximating normal tissue strength and
when the wound defect has been appro-
priately surfaced. Restoration of the or-
ganism's surface is accomplished by a com-
plex activity of epithelial and connective
tissues. Restoration of continuity and
strength, whatever the tissue involved, re-
sults from fibroplasia. Biochemical under-
standing of fibrogenesis is increasing rap-
idly. Mechanisms regulating the prolifera-
tion of fibroblasts and their productivity
remain largely unknown, however. The
origin of these fibroblasts, the basic cells
of wound repair, is still controversial. Re-
cent investigations have supported both
vascular and local origin of these cells.2 36,
44' 49 The present experimental study ex-
plored the question of the predominant
site of origin of fibroblasts.

Earlier experiments demonstrated the in-
hibitory effect of x-irradiation on prolifera-
tion of new connective tissue varying with
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time of application of irradiation in relation
to time of wounding.22 In the present work
x-irradiation was applied in moderate doses
at different times, before and after wound-
ing, to the local area of the wound and
proliferation of fibroblasts was studied
quantitatively five days after wounding
using autoradiography with tritiated thy-
midine to label the nuclei of cells about to
divide.
The tritiated nucleoside, thymidine, is

incorporated specifically into replicating
deoxyribonucleic acid (DNA) which is
formed just -prior to cell division. Incorpo-
ration occurs promptly after injection and
the recently synthesized, labelled DNA
remains unchanged in the nucleus unless
dilution occurs by further division or until
cell death occurs. Autoradiographs' pre-
pared from tissues of animals into which
tritiated thymidine has been injected accu-
rately identify cell proliferation and permit
these cells and their descendants to be
followed.3, 29, 34, 55
The experimental results were inter-

preted as demonstrating that the principal
site of origin of fibroblasts of wound repair
was the connective tissue adjacent to the
wound defect, and that most of these cells
did not arrive by the vascular route from
distant sites.

Methods and Materials
Wounds. Two full thickness wounds

measuring 1.0 x 1.0 cm., with the anterior
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FIG. 1. Diagram of wound margin at 5 days
and method of sampling; a, epithelium; b, dermis;
c, subdermal connective tissue; d, panniculus car-
nosus muscle; e, subpannicular loose connective
tissue; f, parietal muscle; g, scab and surface ex-
udate; h, proliferating new connective tissue. Ar-
row designates point of original wound cut. Cir-
cles indicate high-power microscopic fields suc-
cessively counted. Numbers indicate zones. When
10 zones only were counted, zones 5 through 14
were used.

wound placed 2.0 cm. from the posterior
wound, were made through skin and pan-

niculus carnosus of the left side of the
trunks of male guinea pigs weighing about
240 Gm. They were maintained on a stand-
ard laboratory diet of Purina pellets with
lettuce and water supplement. The opera-

tive field was prepared with electric clip-
pers and a depilatory (Nair). Operations
were performed under ether anesthesia.
Wounds were not dressed.

Irradiation. X-irradiation was delivered
without anesthesia, utilizing tubular plastic
holders22 through a 2.0 x 2.0 cm. portal
centered over the anterior wound or the
site of the anterior wound. The animals
were otherwise shielded by collimation and
by 0.8 mm. of lead; 750 roentgens of x-irra-
diation were delivered in a single dose
(10 MA., 100 KV., 0 filter, at a distance
of 20 cm., time 1 min. 58 sec.). Thus a

zone extending 0.5 cm. away from the
wound edge was irradiated. Dose selection
has been previously discussed.22 No sys-
temic effects were noted.

Irradiation was applied to the anterior
wound of one guinea pig 20 minutes prior
to wounding, to another 20 minutes fol-

lowing completion of operation, and to a

third animal 28 hours after wounding. One
animal received no irradiation.

G In addition to these wounds prepared for
H autoradiographic study, wounds were pre-

pared for histologic examination with and
without irradiation at periods needed for
interpretation of the experimental results.
Wounds were studied 20 minutes, 6 hours,
18 hours, and 28 hours after operation,
without subsequent irradiation, and at 6,
18, and 28 hours after operation where ir-
radiation had been applied in standard
fashion 20 minutes after wounding.

Autoradiography. Five days after
wounding each guinea pig was injected
intraperitoneally with 1.0 microcurie of tri-
tiated thymidine (specific activity 1.9 curies
per millimole) per gram of body weight.
Forty-five minutes following injection the
wounds were totally excised with full thick-
ness of body wall, pinned on cork to pre-

vent distortion, and fixed in Bouin's fluid.
Control samples of normal parietes, liver
and small intestine were taken. Wounds
were sectioned longitudinally and both
cephalad and caudad margins studied. Sec-
tions were cut at 5 to 6 micra from chilled
blocks with a cold microtome blade to
avoid dermal-connective tissue fragmenta-
tion. Hematoxylin and eosin staining was

used for routine preparations. Autoradio-
graphs were prepared by stripping film
technic using Kodak AR. 10 plates. Film
was removed under alcohol to prevent
flashing.41 Dried sections were sealed in
light-tight boxes in the presence of dessi-
cant and stored at 4.00 to 6.0° C. for four
weeks. After exposure, autoradiographs
were developed with Kodak D.19b devel-
oper, dried thoroughly, stained with Harris'
hematoxylin and mounted in synthetic
resin (Permount).'3 18, 54

Quantitation. Slides were reviewed in

detail and quantitative measurement of la-
belled mesenchymal cells in a selected area

of the wound was made as an index of
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cellular proliferation of connective tissue.
The wound margin was chosen for study
because of its previously demonstrated ac-
tivity 21' 60 and for specificity of comparison.
Approximately 11 slide preparations of
each wound were examined and counted.
For quantitative appraisal all clearly la-
belled mesenchymal cells in a given area

''.'...,...,... (...s!, ~~~~~~~~~~......

FIG. 2a, b. Photomi-

.':
crographs of autoradio-
graphs of prolferating
new connective tissue in
5 day old wounds, sam-
pled 45 minutes after ad-
ministration of tritiated
thymidine (Harris hema-
toxylin, X 1,400). a, un-
irradiated wound. b,
wound irradiated 28
hours after operation.
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superficial to the deep muscle layer of the
abdominal wall and not within the dermis
were counted. On the fifth day the cells
distributed in these connective tissue zones
were principally if not entirely fibroblasts
and capillary endothelial cells. Where epi-
thelium or dermis crossed part of a field,
cells within these tissues were not included.
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Counting was begun at a point selected to
be just beneath the deep edge of the ver-
tically cut dermis. This point is no longer
sharp in some wounds at five days because
the process of contraction has begun, with
rounding of the dermal edge21 22 but in
general identification of this point may be
made clearly. Successive high power fields
(1,250 x magnification) were studied and
counted under oil immersion. Twelve such
successive vertical zones encompassing the
entire connective tissue thickness described
were examined. These fields and zones
were tangential but not overlapping (Fig.
1). The total width of area examined was
4.8 mm.; since microscopic fields were
circular, cells were counted in about 80
per cent of this zone. From 65 to 75 fields
were thus examined in each slide. This
large an area was examined in order to
average out variations in proliferative ac-
tivity found in small segments of granula-
tion tissue. About 700 or 800 fields were
counted in each wound. A random distri-
bution of cephalad and caudad margins of
wounds were evaluated in each case. The
average number of labelled mesenchymal

Annals of Surgery
March 1963

FIG. 3. Autoradiograph
of capillary in area of
new tissue proliferation
(Harris hematoxylin, x
1,400), showing thymi.-
dine uptake by cells in
capillary wall.

cells in a high power field was calculated.
In order to minimize a possible effect of
postirradiation edema in lowering the cell
count per field, a value was also calculated
for the average number of cells in an 0.8
mm. average zone of each classification of
wound, the zone extending from the top
of the connective tissue to the underlying
muscle. Also, calculations both of cells per
field and cells per zone were repeated in
ten zones after discounting the first four
zones initially measured beneath the der-
mal edge in each case and counting two
additional zones toward the wound's center
in order to check the validity of the meas-
urements by effectively sliding the area of
sampling in each case and comparing the
two results.

Results
Qualitative Observations. We have pre-

viously described the general histology of
the experimental wounds, both unirradi-
ated and irradiated.22 Generous uptake of
tritiated thymidine by fibroblasts occurred
in new forming connective tissue in the
active area of the wound margin and in
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the open wound bed (Fig. -2a). Relatively
few dividing cells even for a much smaller
fibroblast population were identified in the
loose connective tissue a short distance
back from the edge of the wound. At the
wound edge greater numbers of cells were

labelled in a unit area in the region imme-
diately related to the cut edge of the sub-

*. ..........!

.:

FIG. 4a, b. Autoradio-

graphs of basal layers of

epithielium (Harris hem-

atoxylin, X 1,400), show-

ing active uptake by

basal cells in both, a, un-

irradiated and b, irradi-
ated wounds. These areas

lie in the zone of swollen

epithelium just at the M

edge of the dermis but
proximal to the thin dis-
tal tongue of epithelium
migrating over the wound

surface.

dermal connective tissue layer than in the
active subpannicular layer. Within the
mass of granulation tissue small areas var-

ied in frequency of labelling. In general,
highest concentrations of labelled cells
were encountered surrounding capillaries
in the new forming tissues. Thymidine in-
corporation into cells of resting connective

Volume 157
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tissue was extremely rare. In the newly
formed tissue numerous endothelial cells,
identified as forming capillary walls,
showed incorporation (Fig. 3). This find-
ing was in contrast to the inactivity of
capillary walls in pre-existing connective
tissue away from the wound edge and in
control sections of normal tissue. Essen-
tially no labelling was noted in the nuclei
of cells in the exudate overlying granula-
tion tissue, either in polymorphonuclear
leukocytes or in mononuclear cells, pre-
sumably chiefly lymphocytes. This obser-
vation was confined to the layer immedi-
ately superficial to the new wound tissue,
which was clearly defined morphologically,
and did not include devitalized cells in the
scab layers.
The dermal cells in areas close to the

wound were in general inactive. Only an
occasional dermal fibroblast showed incor-
poration of thymidine. This activity com-
pared with the normal dermis in quantity.

Epithelial cells in the basal layer demon-
strated great activity in all sections includ-
ing control tissue (Fig. 4a). As the wound
edge was approached there was a zone
of more intensive proliferation proximal to
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FIG. 5. Photomicro-
graph of wound edge 20
minutes after operation
(hematoxylin and eosin,
x 375). The cut edge is
at the left. Dermis lies
above, subdermal fatty
and connective tissue
layer beneath, and upper
edge of panniculus car-
nosus muscle is seen be-
neath. The connective
tissue layer will soon be
infiltrated with cells. At
this time, the time when
irradiation was done in
these experiments, no in-
filtration has yet begun.

the zone where epithelial tongues were
seen to be spreading over the granulation
tissue. The cells in these tongues showed
little frequency of incorporation.

Sections of wound sampled 20 minutes
after operation showed no cellular infiltra-
tion (Fig. 5). At six hours there was an
apparently equal amount of cellular mi-
gration into both an unirradiated wound
and a wound irradiated 20 minutes after
wounding; the cells were largely poly-
morphonuclear with some mononuclear
cells present (Fig. 6a, b). By 28 hours the
cellular infiltration still contained many
polymorphonuclear cells but mononuclear
cells were present in both unirradiated and
irradiated wounds. There appeared to be
somewhat less exudate and fewer cells in
the irradiated wound (Fig. 7a, b).

Quantitative Measurements. X-irradia-
tion of a wound 28 hours after operation
resulted in a marked reduction in mesen-
chymal cellular proliferation (by 53%)
when measured on the fifth day following
wounding. When irradiation was applied
20 minutes after operation, significant re-
duction was also evident on the fifth"tday
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(45%/o). Irradiation 20 minutes prior to op-
eration also appeared to reduce cellular
proliferation slightly when measured on
the fifth day (Table 1, Fig. 8).
When the number of dividing cells per

field was calculated by sampling as de-
scribed and then compared with calcula-
tions after sliding the area of sampling,

FIG. 6a, b. Photomi-
crographs of cellular in-
filtration into connective
tissue layer exudate at
wound margin at 6 hours
after operation (H and
E, X 1,400). a, unirradi-
ated wound, and b,
wound irradiated 20 min-
utes after operation. Poly-
morphonuciear leukocytes
are present in large num-
bers in both wounds. .
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results were generally closely comparable.
Calculations based upon zones rather than
fields, made to minimize possible effects of
edema, were also closely comparable (Fig.
9a, b). The number of cell divisions per
field in unirradiated wounds was nearly
identical in anterior and posterior wounds
(3.96 and 4.01) in a single animal so that
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possible variations due to differences in
behavior of anterior and posterior wounds
in a single animal were ruled out. There
were variations in average number of cell
divisions in unirradiated wounds from ani-
mal to animal (3.69, 3.96, 4.01, 4.86, 5.19)
but these values were all above average
numbers for irradiated wounds (2.00, 2.81,
3.29) (Fig. 9a). Comparison of irradiated

with unirradiated wounds as percentage
effect in the same animal was therefore
made (Fig. 8).
A test of homogeneity by standard chi

square analysis 51 (Table 1) indicated that
the difference in the fractions of cells la-
belled in columns A, B, C and D was far
greater than could be accounted for by
sampling errors (P < < 0.001). Similar

InG. 7a, bn at

...... .... ... .. ....Eound.

..~~~~ ~eaig a, unirracliatei
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TABLE 1. Number of Cells Labelled and not Labelled in Treatments

Irradiation at Times in Relation
to Wounding

No Irradi- -20 +20 +28
Treatment ation min. min. hrs. Totals

Column A B C D E
Labelled 3,313 2,052 2,189 600 8,154
Not labelled -214 168 1,791 684 2,429
Totals 3,099 2,220 3,980 1,284 10,583
Fraction of

cells labelled 1.07 0.92 0.55 0.47 0.77

Labelled cells are the total number in areas counted in all samples (see text). Number of cells not labelled is
calculated as difference between control area and treated area in the same animal (or unirradiated area in Column A);
this accounts for the negative value in column A due to chance circumstances. Total number of cells is the number
labelled in the control in the same animal in each case. Chi square analysis is discussed in the text.

testing of the control column A against B,
C and D gave P values of > 0.05, < 0.001
and < 0.001, respectively. Thus irradiation
20 minutes prior to wounding did not give
a result significantly different from the con-
trol value while the other treatments did.
The difference between columns C and D
in the fractions of cells labelled was like-
wise highly significant (P < 0.001). In
counting labelled cells not all control and
treated wounds had equivalent areas sur-
veyed. To permit statistical comparisons
between equal areas the counts were stand-
ardized to the smaller area in comparing
control and treated wounds in the same
animal. This adjustment merely results in
the computed chi squares underestimating
the significance of the differences noted in
Table 1.
A standard analysis of variance 11 com-

paring the variance of the numbers of la-
belled cells in microscopic fields with the
variance of the number of labelled cells in
the entire area enumerated in the slides
was completed to evaluate the degree of
uniformity, or lack thereof, in the healing
process. The variance ratios indicated in
four of the eight wounds studied a varia-
tion in labelled cell counts greater than
explained by random sampling. (P values
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FIG. 8. Chart of the average number of tritium
labelled cells per high power field present in the
area of proliferation 5 days after irradiation at
varying times before and after operation (20 min-
utes prior, and 20 minutes and 28 hours after
wounding) expressed as percentage of the num-
ber present at 5 days in unirradiated wounds. The
graph represents data from counting of 12 zones.
Similar data were obtained from counting of 10
zones, and from plotting of cells per zone to
eliminate a possible factor of variation due to
edema. Cells within the epithelial, dermal, or
muscular layers were not counted.
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for F ratios: > 0.25, > 0.2, > 0.05, > 0.01,
> 0.001, < 0.001, < 0.001, < 0.001.) This
heterogeneity demonstrated the importance
of counting large numbers of cells in many
different areas to obtain an unbiased im-
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pression of activity in the whole wound,
confirming the presence of wide variations
in precise stage and activity of proliferation
in a single healing wound due to yet un-

defined factors.

Discussion

The marked inhibition of later fibro-
* blastic division in wounds which resulted

from a single local application of x-irradia-
tion at 28 hours after wounding indicated
that a significant number of fibroblasts or

their progenitor cells were present in the
80 area of the wound at 28 hours. Since many

polymorphonuclear leukocytes and mono-

o nuclear cells had infiltrated the wound
zone prior to 28 hours (Fig. 7) some of
these cells could have been precursor cells
of a later fibroblast population. Irradiation

0 20 40 60 80 was therefore applied 20 minutes after
wounding-a time before there was any

CELLS/ZONE IN/2 ZONES infiltration by cells of vascular origin (Fig.
5). Again, marked inhibition of later fibro-
blastic division resulted. Since no apparent

8 inhibition of initial cellular infiltration from

the blood stream followed irradiation 20
minutes after wounding (Fig. 6), it was

concluded that the effect on fibroblast pro-
* liferation resulted from influences applied

to cells resident in the tissues of the wound
area at the time of wounding. Certainly

o- 00the direct effect could not have been upon

0 cells yet to arrive in the wound area from
2 _ o distant sites. Further, the cells of hema-

togenous origin which enter the wound
area in the early hours are chiefly neutro-

phils, as demonstrated in these experiments
0 2 4 6 8 and by others.32' 46, 50 Even enthusiastic

proponents of vascular origins of fibroblasts
CELLS/FIELD /N/2 ZONES have not proposed that neutrophils are

9a, b. Correlation diagrams. In Figure 9a pluripotential cells. Hence a large propor-
rage number of labelled cells per micro- tion, if not the major portion of fibroblasts

eld when fields in 12 zones were counted would seem to originate from cell precur-
ared with a similar number obtained from
10 zones, "shifted" as described in the sors present in resting local mesenchymal

Jure 9b demonstrates correlation between tissues.
number of labelled cells in a zone when

s were counted and when 10 zones were The local irradiation dose used was mod-
See text. Correlations between fields and

erate. At this dose histologic recovery oc-

ere also close.
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curred in time in all wounds and cell ne-
crosis was not seen.22 Cells in an irradiated
field may be variably affected. It was not
to be expected that total inhibition of cell
division would result, especially when
measured four to five days after irradiation.
The difference in inhibition observed be-
tween irradiation applied shortly after
wounding and 28 hours after wounding
may have arisen not so much from an
added day of recovery time available in
the first instance, as from the differential
sensitivity of cells in various phases of
their proliferative cycle. Whatever may be
the stimulus to division which injury sup-
plies, steps preceding visible division are
obviously much further along at 28 hours
than at 20 minutes following stimulation.
It is accepted that cells become highly
sensitive to irradiation just prior to visible
division."1' 45, 52 Earlier experiments pre-
sented indirect evidence of rapidly increas-
ing tissue sensitivity to irradiation after the
stimulus of wounding, with a peak effect
following irradiation given at 36 hours.22
Cells not initially affected by irradiation,
either due to statistical chances of irradia-
tion or due to their being in a relatively
insensitive phase, might account for a large
population in four or five days. It cannot,
however, be excluded that some of the dif-
ference measured in inhibitory effect be-
tween wounds irradiated at 20 minutes and
at 28 hours after wounding might have re-
sulted from augmentation of a principally
local source of fibroblasts by cells of vascu-
lar origin arriving during this interval.
The small late effect noted when irradia-

tion was applied just prior to wounding
was not statistically significant and may not
be a constant phenomenon. The small size
of the effect may reflect relative insensi-
tivity of resting, unstimulated connective
tissue cells to irradiation, especially at this
dose level. A generally low rate of division
has been observed for normal connective
tissue cells and hence only a very few cells

TS IN WOUND HEALING 463

would be in an optimally sensitive pre-
mitotic phase.29 34

Inhibition of later proliferation caused
by a primary irradiation effect on extra-
cellular components of the wound seemed
unlikely since so few of these components
were present at 20 minutes. It is, however,
impossible to state categorically that radia-
tion changes in the extracellular molecular
constituents of the local connective tissue
or products resulting from irradiation in-
jury exerted no influence on the cellular
processes shortly to occur. Mechanical
blockade was similarly not a convincing
possibility since no secondary accumula-
tion of infiltrating cells was seen early or
late to suggest such a barrier. Indeed, a
relatively normal infiltration from the vas-
cular system was observed early after ir-
radiation. It has been proposed that one
effect of irradiation is to inhibit capillary
proliferation which then secondarily limits
fibroblast movement but not fibrogenesis,
resulting in erection of a fibrous barrier to
further proliferation."9 In the present ex-
periment no excessive proliferative at-
tempts by fibroblasts were observed adja-
cent to nonproliferating capillaries. Thus,
while capillary inhibition did occur, and it
is probable that in time fibrous precipita-
tion might result locally from the activity
of arrested fibroblasts, there was no evi-
dence found to suggest a limitation of re-
cruitment from the vascular system in the
area as a result of irradiation effect on
capillaries.

Synthesis of DNA occurs prior to the
earliest events of mitosis and probably in-
dependently of mitosis.7 25, 56 The precise
radiosensitivity of nucleic acids and nu-
cleoprotein is not known 17 24, 43 nor has
the mechanism by which irradiation causes
reversible and irreversible mitotic arrest
yet been finally clarified.45 Since observa-
tions were made four to five days after
irradiation, no conclusions could be made
about primary effects of irradiation on
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DNA synthesis and mitosis, but this inter-
val probably assured the validity of using
thymidine incorporation into DNA as an

indicator of pre-mitotic synthetic activity
preceding actual division.

Additional qualitative observations of
epithelium, dermis and capillaries in these
studies by the technic of DNA labelling
have confirmed a number of points about
the behavior of these elements in wound
repair. The epithelium has again been
seen to show proliferative activity chiefly
proximally from the tip of epithelium ad-
vancing over the wound, denoting the
migratory aspect of epithelial coverage,19' 32

and proliferation has been seen to occur

almost wholly in the basal layer of epi-
thelium. Intradermal fibroblasts have been
shown to be inactive and the dermis to
play a passive role. Recognition of dermal
inertness in wound healing is becoming
generally accepted.19 Cellular proliferative
activity was also identified in the new cap-

illaries of the granulation tissue, supplying
additional evidence of growth by this
means 12 a not yet fully accepted mecha-
nism; 32, 58 the budding tips, however, were

not specifically identified in this study.
After a century of experimentation and

discussion, the origin of fibroblasts in
wound repair has remained unclear. The
concept that fibroblast proliferation after
injury originates chiefly from locally pres-

ent fibroblasts or other mesenchymal pro-

genitors permanently resident in the adja-
cent tissues, is widely accepted. However,
evidence continues to be presented sug-

gesting that precursor cells arrive in the
wound from the vascular space following
injury. The controversy has been compli-
cated by variable nomenclature and the
difficulties of positive morphologic identi-
fication of single cells. Another difficulty
has been unilateral consideration on the
one hand of the potential of a cell or cells
derived from the blood, and, on the other
hand, the possibly different problem, quan-

titatively, of predominant origin of fibro-
genetic cells in a wound.
The controversy began when assertions

of the histogenous origin of fibroblasts by
Marchand 37 and Aschoff 5 were sharply
challenged by Maximow 38-40 and Bloom,
who described conversion of lymphocytes
into fibroblasts.6 Arey4 reviewed the con-

fficting theories in 1936 and since then
Allgower 1 has done so in a monograph re-

porting his own earlier experiments on this
question. No attempt is made here to re-

view in detail the extensive literature on

this subject. Static observations of the evo-

lution of cells 19, 26, 28 have continued to
present difficulties in morphologic identi-
fication even w"7ith electron microscopy.46
With direct observations of the continuing
close morphologic relationship between
proliferating fibroblasts and capillaries in
repair 12 53 it becomes difficult to accept
diapedesis as the explanation of the peri-
vascular concentration of fibroblasts, a find-
ing often presented as argument in favor
of a vascular origin of these cells. Observa-
tion of early fibroblast proliferation 47 makes
it unnecessary to invoke conversion of vas-

cular infiltrates to explain the development
of large fibroblast populations by the fourth
and fifth days after wounding. Results ob-
tained by modification of the vascular re-

sponse by total body irradiation and its
influence on repair 1 are difficult to interpret
because of profound abnormalities result-
ing from such irradiation.5° Except for some
support from Carrel and Ebeling,9 10 the
tissue culture experiments of Bloom were

not successfully repeated 14, 15, 23, 42 until
Allgower and Hulliger demonstrated that
cells obtained by intracardiac puncture
were capable of producing hydroxyproline-
containing material in culture., 30 3' Shelton
and Rice applied chamber technics of in
vivo culture 48, 49 in investigation of this
problem, and cellular evolution has been
studied in man recently by sequential
smear technics 5 and by use of implanted
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diffusion chambers containing white cells.44
The exact potential of the lymphocyte re-
mains unsettled.20' 33, 57, 62 MacDonald re-
cently studied wounds at different time
intervals by labelling dividing cells with
tritiated thymidine,36 and concluded from
observations of the morphology of the la-
belled cells, their distribution, and their
further patterns of division, that fibroblasts
originated locally, apparently from a sys-
tem of cells surrounding blood vessel, hair
follicles and muscle bundles.

Thus, although identification of conver-
sion of lymphocyte or monocyte into fibro-
blast is not conclusive, a hydroxyproline-
containing material, presumably collagen,
has been obtained from cells cultured from
the blood stream. If contamination could
be fully eliminated as the source, such
cells, whatever their origin, even if fibro-
blasts washed from the marrow or other
sites, could certainly supply a portion of
the collagen producing cell population of a
wound. Much less certain would be the
number of fibroblasts derived from this
source.
The present experiments did not deny

the possibility that some cells arriving from
the vascular system either had or could
develop the ability to function as fibro-
blasts, and might contribute to fibroplasia
after injury, but rather indicated that the
major source of fibroblasts in repair was
from pre-existent, local, previously resting
cells. It can not be finally stated whether
these cells are differentiated but resting
fibroblasts, or whether this represents an
example of modulation of resident mesen-
chymal cells as proposed by Weiss.6' We
could not separate the intimate partnership
of the fibroblast-capillary system which
springs into action from dormant connec-
tive tissue in response to injury. The repair
response seems to parallel the regenerative
response in amphibia in its local character
as demonstrated by Butler and O'Brien in
the urodele,8 quantitatively supported by

Chalkley 11 and confirmed in the recent ex-
periments of Hay.27

Summary and Conclusions

1. Local x-irradiation of experimental
wounds 28 hours after injury resulted in
over 50 per cent reduction in subsequent
fibroblast and capillary endothelial cell pro-
liferation, measured five days after wound-
ing by incorporation of tritiated thymidine
into DNA. When irradiation was applied
prior to the onset of any cellular infiltra-
tion from the blood, 20 minutes after
wounding, marked reduction in later cellu-
lar proliferation also resulted.

2. These findings indicated that fibro-
blasts of wound repair arose predominantly
by proliferation of locally resident connec-
tive tissue cells, rather than from precursor
cells recruited via the vascular system.
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