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FOREWORD

In conducting the research described in this report, the investigators adhered
to the "'Guide for Laboratory Animal Facilities and Care, " as promulgated by
the Committee on the Guide for Laboratory Animal Facilities and Care of the
Institute of Laboratory Animal Resources, National Academy of Sciences -

National Research Council.
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SUMMARY

The various subjects covered in this report are listed in the Table of Cuiileats.
Abstracts of the individual investigations are included on the D!} i'orm 1498 in-

troducing each work unit report, and names of investigators are givern at tiue ve-
ginning of each report.
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Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 00 Military Internal Medicine
Work Unit 120 Metabolic response to disease and injury

Investigators:
Principal: COL Jerry M. Earll, MC
Asscciates: Marcus Schaaf, !.D.; LTC Leonard Wartofsky, MC;
JAJ Jack M. Moncnik, MC; Joseph Bruton, Ph.D.

Description

This work unit is concerned with investigations into basic mechanisms
o0.° digeases of military importance and the metabolic responses occur-
ing during stress of disease and injury to provide rational approaches
to therapy. Meiabolic balance studies are utilized with precise
collections of biologic samples from patients during rigid control of
diet, drugs, and activity. 1In addition, support is afforded Walter
Reed Army Medical Center in training house staff, four endocrine
fellows, diagnosis and treatment of endocrine patients, and technical
laboratory support to other departments. The unit maintains the
capability of mounting field studies.

Progress
1. Polypeptide Hormone Metabolism.

Plasma concentrations of prolactin in humans have teen shown to rise
in response to a number of stimuli which have in common some elemen*
of physical stress, among thein surgery under general anesthesia (1,2),
endoscopy, and vigorous exercise (1). The role of psychic factors in
the prolactin response to stress, however, has not been investigated.
Thyrotropin (TSH) secretion in human adults has not been found to be
increased by stress of surgery (3), by fever (4), or by exercise (5),
but recently it has been reported that small increases in TSH secre-
tion occurred in young men in anticipation of vigorous physical
exercise (6). Growth hormone i1s known to respond to a wide variety of
physical stresses, but growth hormone responses to psychic stimuli are
less extensively documented. In this study further evidence 1s pro-
vided that psychic stress is associated with release of prolactin and
TSH as well as growth hormone. Prolactin, growth hormone, and thyro-
tropin (TSH) release during the psychic stress of parachute jumping
was evaluated in 14 male subjects. Subjects were studied

times before and immediately after thzir first military parachute
jump. All three hormones had risen significantly 1 to 14 minutes
after the jump, compared to mean levels measured immediately beforehand.
Other factors such as cold exposure, physical exertion, and altitude
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change appeared unlikely to have produced these elevations. We
conclude that prolactin and TSH, like growth hormone, may be released
by psychic stress.

Seventeen acromegalic patients were treated by a transsphenoidal
approach to the sella turcica using an operating microscope. Serum
growth hormone (GH) levels and adrenal and thyroid function tests were
measured in 16 patients before and after surgery. Serum GH fell to
less than 5ng/ml in 7 of 9 previously untreated patients, and thyroid
and adrenal function was preserved in 8 of these patients. Seven
patients previously treated by other modes of therapy did not fare as
well. GH levels fell to less than 5 ng/ml in 3, to between 5 and 10
ng/ml in 3 and from 98 to 40 ng/ml in one. Thyroid and adrenal
function in previously treated patients was preserved in 4 of 6 cases,
but was lost in 2 patients. The results of this study suggest that
trannsphenoidal microsurgery is effective and can be considered for the
initial therapy 1in acromegaly.

Galactorrhea is a relatively common symptom with an extensive differ-
ential diagnosis. We have studied 28 patients with galactorrhea to
determine which tests differentiate normal from abnormal prolactin ;
secretion and separate patients with pituitary tumors from those with ]
galactorrhea of other etiologies. Eight patients had pituitary tumors,

5 had galactorrhea associated with drug therapy (BCP in 4, phenothia-

zine in 1), 5 had "idlopathic galactorrhea" (normal menses, no drug

history, normal skull X-ray, no other illness), and 9 had galactorrhea _
associated with other conditions (myxedema in 3, menopause in 3, empty 1
sella, renal failure, and sickle cell disease in 1 each). Basal

prolactins: highest prolactins were in patients with pituitary tumors

(range 31 to 206 ng/ml); basal prolactings were less than 26 ng/ml in

all other patients except 2. TRH stimulation tests: women with

idiopathic galactorrhea had normal peak responses, while the women with

BCP galactorrhea and those with myxedema had significantly greater peak

responses; patients with pltuitary tumors did not respond to TRH

significantly. Chlorpromazine stimulation tests (CST): women with

BCP and idiopathic galactorrhea responded normally; 2 patients with

myxedema had poor responses and 5 patients with pituitary tumors failed

to respond. L-dopa suppressjon tests: prolactin in all patients was ]
suppressed to 60% or less of basal values. Water load suppression :
test: contrary to published reports, water was not found to be a

consis ent suppressor of prolactin in normals or in patients with

galactorrhea. It is concluded that a high basal prolactin and failure i
to respond to either TRH or CST were assoclated with pituitary tumors. :
Patients with myxedema and BCP galactorrhea had normal basal prolactin

but responded abnormally to TRH or CST. fatients with idiopathic

galactorrhea had normal basal prolactin and responied normally to TRH

and CST. L-dopa and water loading were not usefut in the differential

diagnosis of galactorrhea.
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Heterogeneity among glandular and circulating forms of human growth
hormone (hGH) is well established. It has also been documentad that
thyrotropin releasing hormone (TRH) may stimulate hGH secretion in
acromegalic patients. To further investigate the heterogeneous forms
of basal and stimulated circulating hGH in acromegaly, sera obtained
from three patients before and after TRH administration were examined
by gel chromatography on Sephadex G-100. For comparison, purified
pituitary hGH (National Pituitary Agency) was examined under identical
conditions. Each sample was co-chronmtographed with 1251-hGH serving
as an internal standard and with 125I-bovine thyroglobulin (bTG) and
1251 to establish the void and total volumes. Unlabeled hGH was
measured by immunoassay. All sera (N=8) contained threec components of
immunoreactive hGH. Peak I material co-eluted in the void volume with
1251-bTG. Peak II material eluted with a Ky v0.2. Peak III material
eluted with a K;y=0.377 + 0.006 SEM, very close to that of the 125I-hGH
internal standard (Kz,=0.388 + 0.002 SEM, N=14). Peak I material was
rechromatographed and co-eluted quantitatively with 1251-bTG. Before
TRH, Peak I material comprised ~20-35% of the total hGH, Peak II
12-21% and Peak III ~ 51-60%. After TRH, the concentrations of all
three components increased markedly, but only Peak III increased in
percentage. Unlabeled pituitary hGH (n=2) also contained three
components: Peak [ material again cc-eluted in the vouid volume \ :th
1251-bTG; Peak II material eluted with a K,,=0.19; Peak III material
eluted with a Kay=0.37. Peak I and Peak IIl materials from chromato-
grams of both serum and pituitary hGH all behaved similarly wher. exam-
ined by immunochemical dilution. These studies demonstrate three
immunoreactive components of circulating hGH in acromegaly and suggeit
that at leas” one of these components is secreted in response to TRH. 1
Further ir-estigation will be required to determine if the other com-
ponents represent products of secretion, peripheral metabolism, or both.

2. Thyroid Metabolism.

Daily administration of thyrotropin releasing hormone (TRH) to normal
individuals leads to diminishing Thyrotropin Stimulating Hormone Re-
sponse (TSH/R) believed due to rising serum T3 with feedback inhibition
of the pituitary. Patients with Primary Hypothyroidism (PH) were
studied to test this hypothesis, since their T4 cannot increase after
TRH. Bi-dailv TRH (100 yg i.v.) was given to &4 patients for 3 conse-
cutive days, and repeated on a 4th day following oral T3 (50 ug).

TSH/R were unchanged over the first 3 days of serial TRH, and moreover,
were unaltered by T3 administration. These observations in PH led us

to reexamine TSH/R to TRH in euthyroid subjects given T3. Other workers
have reported that 50 ug Ty completely blocked TSH/R to TRH in 7 normals.
We repeated this experiment in 11 subjects with standard 500 pg i.v. ]
TRH test (STT) on one occasion, and STT 1 hour after oral T3 on another.
Mean peak TSH (#SE) during control STT was il.3+1.7uU/ml. One hour
following 50 mcg Ty, TSH/R to TRH was not inhibited, peak TSH averaging
10.4+41.6 (p>0.2), while serum T3 had risen from a (meant+SE) basal conc.
of 157+7 to 235+18 at the time of TRH injection and 342+37ng/ 60 min.
later. We have reported that normal subjects given prolonged TRH
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infusion (TRH/I) continue to secrete TSH despite elevated T3 levels
(Noel et al JCEM July '74). Continuous TRH/I (lug/min) for 6 hrs in 5
euthyroid volunteers produced a TSH/R which peaked in 180 min. and then
plateaued over the next 3 hours. To ascertain whether this plateau was
d:e to Increases in T, (observed mean 125+225 ngZ), similar infusions
were given to 5 patients with PH. TSH peaked within 60-180 mins. and
then declined toward basal despite continued TRH/I and the failure of
T3 levels to rise. It is concluded that 1) acute increases in T3 are
not adequate to suppress TSH/R in either euthyroid or hypothyroid
subjects; 2) plateaued or declining TSH values in the face of continuing
TRH/I are related less to T3 increases than to other factors governing
TSH synthesis and release.

Thyroid storm is a serious and often fatal condition. Present modes

of therapy are effective in inhibiting further hormonal release from
the thyroid, but do not affect excessive circulating levels of thyroxine
(T4) and triiodothyronine (T3). We have investigated whether extra-
corporeal resin hemoperfusion (RH) might remove significant amounts of
T4 and T3 so that the method could prove clinically useful in thyroid
crisis. A similar RH technique has proved effective and safz in man
for various drug intoxications. With this technique, blood is perfused
through an uncharged Amberlite polystyrene anion-exchange resin with
affinity for 1lipid-soluble materials. Five dogs (35-45 kg) were made
thyrotoxic by daily administration of exogenous Tj. ghey were then
subjected to RH utilizing a plastic column (Vol=64 in”). Serial blood
samples from arterial and venous cannulae were obtained during control
perfusion (without resin or with inactive resin), and during an experi-
mental period with active resin for a period of two hours. Samples
were ana.:/.d tor T4, free T, (FT4), T3, SMA-12, CBC, and electrolytes.
No significant changes occured in any parameters during control per-
fusions. The greatest decreases in T,, FT,, and T, were observed after
initial passes through active resin, with continuea RH resulting in
prcgressive but smaller decrements. Final concentrations for Ty FT4,
and T, averaged respectively, 53, 47, and 257 of basal levels. All
dogs tolerated RH well, and CBC and blood chemistries did not change
siguificantly. It is concluded that resin hemoperfusion of thyrotoxic
dogs has proved a safe, effective mea1s of decreasing serum T4 and T,
and holds promise for the treatment of thyroid storm in man.

Low levels of circulating triiodothyrcnine (T3) have been described in
neonates at birth. The rise in T3 to normal levels within 48 hours
after delivery may be related to enhanced thyroidal secretion secondary
to TSH release. The present experiment was designed to examine whether
peripheral levels of T, might still rise after delivery if thyroidal
secretion 1s blocked, aence suggesting that the source of T, could be
peripheral deiodination of thyroxine (T,). Pregnant ewes were injected
with 50 uc 1251 i.v. in order to label éetal thyroid glands by trans-
placental transfer of the isotope. Serial measurements of PB1251 in
the fetus after delivery then served as an index of endogenous hormone
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secretion. Three days later, the pregnant ewes were divided into a
group given SSKI and a control group. After delivery, lambs of the
iodine-treated ewes continued to receive SSKI. At birth, neonatal

serun samples for T, T3 and PB125I were drawn at 6 hourly intervals

for two days, after which the lambs were sacrificed and their thyroid
glands analyzed for T3 and T4 content. In 4 control lambs, serum T3

and PB1251 values between time 0 and 48 hours rose significantly, while
serum T4 remained unchanged. In 6 iodine~-treated lambs, PB1231 values
failed to rise while T4 fell significantly; although mean serum T3 levels
for the group did not change significantly, 3 of 6 animals had an
increase in T3 that averaged 165 ng%Z. Thyroid gland hydrolysates
revealed that iodine-treated lambs had 1.43 times more T4 and 1.24 times
more T3 per gram thyroid tissue than did thyroid glands of control
animals. It is concluded that 1) Enhanced thyroidal secretion
(evidenced by rising PB125I) contributes to increases in serum Tj
normally seen in neonates after delivery. 2) Stable or increasing T3

in the presence of inhibition by iodine of thyroidal secretion (con-
firned by declining values of PB125I and T,, as well as increased
glandular T, and T3 content) also indicates a peripheral source of T3
generation, i.e., conversion from T4.

An oral water load has been reported to decrease serum prolactin (HPr)
levels in normal subjects. Since HPr and thyrotropin (TSH) share common
control mechanisms, e.g., secretion of both may be stimulated by TRH and
suppressed by thyroid hormone, we evaluated whether water loading might
similarly affect the concentration of serum TSH. Oral tap water was
administered (20 cc/kg over 30 minutes) to 23 normal subi<cts. There
was no significant difference between values for TSH prior to and

90 min. after initiation of water loading. Since it is difficult to
assess changes in the concentration of TSH within the normal range, we
determined the effect of identical water loads 7 subjects with primary
myxedema and high endogenous levels of TSH. Blood was drawn at 30
minute intervals for 1 hour before, and 2 1/2 hours after water loading.
TSH did not significantly change at any time after administration of wa-
ter. A 500 ug i.v. bolus of TRH was administered 120 min. after water
loading to determine whether the magnitude of the TSH response might be
suppressed or otherwise altered from that observed in the same patients
given TRH under control conditions several days earlier. In 4 of 7
subjects, the peak ATSH to 500 pg TRH following a water load was
slightly higher then that observed to TRH administered during the control
period, but the mean A peak for the group was not significantly differ-
ent (p < 0.1). These observations suggest that, unlike HPr, TSH
secretion does not appear to be Influenced by the perturbations in

serum osmolality induced by water loading.

Forty-four patients with Graves' disease (diffuse toxic goiter) were
selected for long-term therapy with antithyroid drugs over the past 4
years. These patients were followed closely with good control of their
thyrotoxicosis for periods ranging from 7 to 46 months, and averaging
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17.6 months. During this time, it has been clearly apparert that the
incidence of remission after standard courses of either tapazole or
propylthiouracil was disappointingly low. Remission was observed in
only 4 of 35 (11.4%) patients treated for >12 months, or in 6 of the 44
(13.6%) total patients treated. (Two patients attained a remission
after <12 months of therapy). Even by relating all the observed (six)
remissions to those patients treated for >12 months (6/35), the remis-
slon rate is increased to only 17.1%. Previous repor:s of remission
rates after antithyroid drugs have consistently suggesied that perman-
ent remission should be expected in approximately 60% -.. ictients.
These earlier studies were reported between 1952 and 1956, a period of
time when iodine intake was significantly less than it is today in many
areas of the United States. Alexander, et al., (Lancet 2:866, 1%.%)
have shown that relapse in patients with euthyroid Graves' disease was
hastened by iodine supplements given in doses which approximate the
dietary increases that have now been commonly observed and well docu-
men.ed (Oddie, et al., J. Clin. Endocr. 30:659, 1970). These studies
and other recent reports of iodide-induced hyperthyroidism lead to
speculation that there may be an inverse relationship between the
increasing average dailly dietary intake of iodine, and the remission
rate which may be anticipated after antithyroid drug therapy in Graves'
disease. These results suggest that additional reappraisals of current
success with the thionamides at other medical centers are indicated.

If these observations are confirmed, criteria for the selection of
patients for antithyroid therapy may have to be significantly changed
in the future.

3. Calcium.

Although it has been known for many years that hypercalcemia may com-
plicate hyperthyroidism (HT), the true incidence of this association

is unclear, with most recent reports suggesting a co-occurence rate

of 15-23%. Of greater interest is the paucity of data on measurements
of ionized calcium (Ca)+ in HT since (Ca)++ represents the physio-
logically active portion of the total serum calcium concentration. This
communication reports the results of a survey of thyrotoxic patients for
the degree and frequency of elevations of total (TCa) and (Ca)++, with
measurements of serum immunoreactive parathyroid hormone (PTH) in order
to examine the role of the parathyroid glands in this disorder. 47
patients were studied who had both clinical and chemical evidence of HT.
The methods employed included TCa by atomic absorption spectroscopy;
(Ca)++ by a liquid membrane electrode flowthrough system; and PTH by
RIA. TCa was elevated in 29% of patients, while (Ca)++ was elevated in
447. 1In an attempt to correlate PTH levels with observed increases in
Ca, the patients were categorized into 3 groups. Group I-normal total
and lonized calcium; II-elevated ionized and total calcium; III-ele-
vated ionized, normal total calcium. Although not statistically signi-
ficant, PTH levels were slightly higher in Group I than in Groups II or
III, thus appearing to vary inversely with ionic calcium. Tt is
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concluded that there is a high incidence of elevation of both total and
ionized calcium in hyperthyroidism which does not appear to be related
to hypersecretion of parathyroid hormone.
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Work Unit 121 Pathogenesis of enteric diseases
Investigators.

Principal: Samuel B. Formal, Ph.D.
Associate: Peter Gemski, Jr., Ph.D.

Description.

The pathogenesis of enteric infections, particularly those causedl
by shigellae, salmonellae and Escherichia coli is being studied to es-
tablish factors and mechanisms by which disease is provoked. Through
an elucidation of these parameters, procedures for prevention and con-
trol of diarrheal diseases can be devised.

Progress .

1. Genetic control of Shigella somatic antigens and the develop-
ment of oral living shigella vaccines.

a. One area of research on diarrheal diseases concerns the
development of living attenuated organisms for use as oral vaccines
against bacillary dysentery. Earlier studies in this department yield-
ed avirulent hybrids and mutants of Shigella flexnerl for possible use
as vaccine strains (see previous annual reports) in providing protec-
tion to challenge with virulent S. flexneri. On the basis of limited
human volunteer studies performed by the University of Maryland Vaccine
Development Group some of these strains appear to be relatively safe
and significantly effective. Nevertheless it is impossible to obviate
the theoretical possibility that these strains could revert to a viru-
lent state. To eliminate such complications with the safety of living
oral vaccines, we have now taken an alternative approach for preparing i
possiblc vaccine candidate strains. In principle, our approach has been
to prepaste DY intergeneric hybridization, avirulent E. coli strains
which express the gro: » and type-specific antigens of Shigella rather
than their native E. cc.i antigenic complex. Since the E. coli parent
strains employed as recipients are natively avirulent, the problem of
reversion to virulence by hybrid vaccine strains is obviated.

2. Construction of Shigella Hfr donor strains.

a. In order to prepare E. coli hybrids with serotypes of
various Shigellae, it was essential to construct Shigella donor strains
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with the capacity to transfer chromosomal genes. The feasibility of
constructing such Hfr donor derivatives is a direct consequence of
our previous experience with preparing derivatives of S. flexneri 2a
by the method of F-linked terminal marker selection.

b. E. coli K-12 P4X-6, an Hfr which transfers as its terminal
marker the lactose utilization gen«s (lac operon) linked to the F-
factor, was matnd with shigellae of various serotypes and lggf re-
combinants were selected. Analysis of such recombinants revealed that
a small proportion of them had inherited the sex factor along with the
lggf character. These fficiently transferred chromosomal genes, in
crosses with E. coli recipients with a polarity similar to that of
P4Xx-6, i.e. pro-arg-his-gal-lac-F. As far as could be detected by
genetic analysis for other unselected markers these shigella donors
appeared to have retained only the 1ac+-F region of the E. coli donor
genome and otherwise exhibited the characteristics typ1ca1 of the
original shigella parent. Through the employment of such genetic man-
ipulations, we have constructed Hfr donor strains of S. flexneri sero-
types la, 1lb, 2a, 3a, 4b, 5, 6 (i.e., group B) and of ¢ S. dxsenterlae 1
(group A). Extensive efforts to prepare donor derivatives of S. sonnel
(group D) have been unsuccessful.

3. Construvction of E. coli hybrids which express the various
type-specific antigens of S. flexneri.

a. As described in previous annual reports, the genes con-
trolling synthesis of Shigella flexneri 2a group and type-specific
antigen can be transferred to Escherichia coli K-12 recipients by con-
jugation with an S. flexneri Hfr. After mating E. coli with an Hfr
strain of S. flexneri 2a and selecting for his* recombination, a high
proportion “of the E. cecli hybrids agqlutinated in S. flexneri grouping
serum. None of these hybrlds expressed S. flexneri type-specific anti-
gen 2. When an E. coli his hybrid possessing the S. flexneri group
antigen was remated with the same Hfr with selection for pro hybrids,

a high proportion now expressed the type-specific antigen as well as
the previously inherited group antigen. If such crosses were performed
in reverse order (i.e., pro* followed by his* selection), a different
pattern of serological behavior was observed. None of the EEET hybrids
showed the type-specific antigen. Subsequent mating for his* resulted
in hybrids with both the group- and type specific antigens. These re-
sults showed that genes controlling the synthesis of S. flexneri group
antigen (linked to the his locus) and type-specific antigen (iiiked to
the pro locus) are widely separated on the chromosome. Express.un of
the type-specific antigen depends on the presence of the group antigen.
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b. On the basis of these observatioas with S. flexneri 2a,
it was likely that other E. coli hybrids with the different type-
specific antigens of S. flexneri could be constructed by similar gene-
tic manipulations. One such E. coli K-12 hist group antigen 3,4 hybrid
served as the prototype recipient strain for all subsequent crosses to
intioduce type-specific antigen genes. By mating Hfr strains of S.
flexneri serotype 1, 3a, 4 and 5 with the E. coli hybrid recipient capa-
ble of expressing S. flexneri group antigens, and selecting for the in-
heritance of the proline locus, we have recovered E. coli hybrids which
exp. “ss type-specific determinants 1, 2, 3, 4 and 5. Additional genetic
al .« clogical studies resulted in the selection of candidate hybrid
Sc 4 for testing as possible vaccines against dysentery.

c. Similar genetic crosses with an S. flexneri 6 Hfr and a
S. dysenteriae 1 Hfr have failed to yield hybrids suitable for con-
si .eration as a vaccine.

4. Vaccine trials in conjunction with the University of Maryland
Vaccine Testing Program.

a. At the present time, this department has provided Dr.
Hornick's group at the University of Maryland with E. coli hybrids ex-
pressing the following S. flexner. antigens.

(a) type la, 1b

(b) type 2a

(c) type 3

(d) type 4

(e) type 5
Two of these hybrids (those which expresses type factor 2 and type
factor 3) have been shown to be safe up to udose levels of 1x1011l cells
in human volunteers. Very recent results of a statistically adequate
protection test for vaccine efficacy in human volunteers however, ha~
been discouraging. A previous small pilct protection test had sugg:st-
ed that the E. coli hybrid expressing the somatic antigens of S. flexneri
2a was effective in providing protection to challenge with virulent
S. flexneri 2a (see 1973's annual report). On the Lasis of these obser=-
vations, a large scale human volunteer experiment was performed during
the past year. Three doses of hybrid organisms expressing S. flexneri
2a antigens were administered at weekly intervals in doses of 5X10
cells. The vaccine was well tolerated and individuals shed the strain
for an average of approximately 5 days. One month after the final dose
of vaccine the volunteers were challenged with approximately 140 viru-
lent S. flexneri 2a which was estimated to be an IDg,. In the control
groups 39 percent of the men developed clinical diseases while the attack
rate in the vaccine group was 47 percent. Immunclogic studies have not
yet been completed.
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Summary and Conclusions.

1. Hfr donor strains of shigellae capable of transferring ex-
tensive segments of their genomes have been constructed for the pur-
pose of preparing E. coli hybrids which express the group and type-
specific antigens of various shigella serotypes.

2. Hybrid E. coli strains with shigella serotypes la, 1lb, 2a,
3, 4 and S have been selected for testing as possible oral live
vaccines against dysentery.

3. Safety tests have shown such hybrids to be safe up to levels
of 1011l cells in human volunteers.

4. Human volunteers after receiving three weekly doses of 5x1010
vaccines cells (serotype 2a) showed nc protection to challenge with
virulent S. flexneri 2a.
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Description

1 1. Employment of mouse virulent Salmonella typhimurium hybrids
; expressing various combinations of S. typhosa 9, Vi, and d antigens
as challenge organisms in mice immunizeﬁ with vaccines prepared from
these strains sugges! d that the Salmonella somatic antigens are
important in conferring protection against death in this system.

2. Examiiation of the molecular nature of six transmissible
plasmids conferring a lactose-fermentation capability on clinically
jsolated Salmoneila strains showed that these lac elements were conserved
ext;achromosomally as supercoiled, circular moTecules of deoxyribo-
nucleic acid.

]

h 3. A chromosomal locus involved in the expression of the N genre

: function of bacteriophage lambda has been identified and characterized
in Escherichia coli, and in an E. coli x Salmonella typhosa hybrid which

: blocks action of this phage gené preventing Tysis by lamﬁaa.

Progress

1. The role of Salmonella typhosa antigens in protection of mice
immunized and challenged with S. typhimurium hybrids expressing these

antigens

a. In a previous report (Annual Report, WRAIR, 1373) we described
the formation of mouse virulent, Salmonella typhimurium hybrids
expressing antigens 9, Vi and d, by genetic crosses between a S. typhi-
murium recipient and a S. typhosa Hfr donor. These hybrids retained the
same degree of mouce virulence as their S. typhimurium parent when tested
with either C57 black or Swiss white mice. Eurfﬁermore, vaccination of
mice with S. typhosa vaccines conferred significant protection against
challenge by these hybrid strains but not agains: their S. typhimurium

it i S
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parent. However, no conclusions were made regarding the protective role
of individual S. typhosa antigens. In the present report, further
studies with this system are described which suggest that the somatic
antigens are of primary importance in conferring protection.

b. AIlS. gxghimurium hybrids used in this study were derived,
as described previously (Annual Report, WRAIR, 1973), from matings
between the S. typhosa Hfr WR4000 and the mouse virulent S. typhimurium
recipient WR5004. e results of protection experiments employing S.
typhimurium hybrids H1 (antigenic constitution 9,12: 1-1.5?, H42 (9,12,
V!- d-T,2) and their S. typhimurium parent strain WR5004 as challenge
organisms in variously imnunized Swiss white mice are shown in Table 1.
As we have seen previously, the vaccine prepared with S. typhosa TY2
protects mice against the challenge of S. typhimuri%m E&br‘g HT but not
against their S. typhimurium parent strain, WR5004 (statistically
significant at P < S.UUI). However, both the H) and H42 vaccines,
prepared from hybrids expressing somatic antigen 9, are protective
against the H1 hybrid challenge. Although Hl and H42 vaccines appear
almost as protective against the WR5005 strain as against the 9,12
challenge strains, the overall pattern suggests that the specificity

of the somatic antigen (9 or 4) is the important factor in determining
protection against death in this system.

c. The presence or absence of the Vi antigen in the vaccine
strain did not affect the outcome in any way which might indicate a
specific protection involvement for that antigen with the Vi-expressing
challenge organism, H42. On the other hand, it appeared that protection
against H42 was generally greater with all vaccines than was the case
with the non-Vi-expressing hybrid. In testing the virulence of the H42
hybrid as well as other Vi-expressing hybrids, we have noted that the
onset of mouse deaths, at the lower dose levels, is usually delayed by
two or three days, as compared with the non-Vi-expressing hybrids. It
is possible, therefore, that this circumstance may have some bearing on
the greater capacity of the vaccines to protect against challenge with
strains expressing the Vi antigen.

d. To examine the role of the Vi antigen in this protection
system, two S. typhimurium hybrids, each expressing the Vi antigen, but
differing with regard to the somatic antigens, were employed as challenge
organisms in mice immunized with vaccines prepared from S. typhosa
hybrids expressing various antigenic combinaticns. The resuits of these
experiments are shown in Table 2. In no instance did the presence of
the Vi antigen in a vaccine strain enhance the vaccine's protective
capability as compared with one prepared from a non-Vi-expressing hybrid
of the same somatic antigenic constitution. Thus, it again appears as if
the Vi antigen plays no part in the specificity of protection in this
system. Overall, the differences in protection against the antigen 4
or the antigen 9 - expressing challenge strains for a given vaccine in
this experiment - were not striking. However, where such differences
are observed between these two hybrids, they are seen again to correlate
with the specificity of the scmatic antigen.
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2. Isolation and characterization of circular deoxyribonucleic acid
obtained from Tactose fermenting Salmonella strains

b a. We previously examined seven independently isolated, lactose-
t fermenting Salmonella strains obtained from clinical sources and found
that six of these strains were capable of conjugal transfer of the lac
character to Salmonella typhosa (Annual Report, WRAIR, 1968). S. typhosa
recipients of the lac character were able to transfer this character to
Salmonella ‘yphimurium, Proteus mirabilis, and Escherichia coli. Deoxy-
ribonucTelc acid (DNAY extracted from Proteus strains containing these
transmissible lac elements was examined by cesium chloride density
gradient centrTfugation, and the DNA associated with four of these ele-

{ ments was observed as separate satellite bands with a guanine + cytosine
[ content of 50% each. The DNA of the other two lac elements was not
detectable in the Proteus strains to which they had been tiansferred. In
the present study, using an ethidium bromide-cesium chloride technique,
we were able to characterize all six of these lac elements as supercoiled
circular molecules of DNA.

b. Four lac elements lac-20, lac-26, lac-28, and lac-50, were
transferred to E. coli WR3026 by using S. typhosa WR4204 strains contain-
ing these elements as donors. E. coli WR3U§E strains containing the
other lac elements, lac-22 and Tac-32 were obtained by matings with the
Salmonella strains which originally contained these elements. Each of
the sTx E. coli WR3026 strains containing a transmissible lac element
was tested with E. coli male-specific phage, R-17, and the E. coli female-
specific phage, I, R-17 was not observed to form plaques on any of
these strains and the plating efficiency and plaque morphology of g1I were
the same as observed on the E. coli WR3026 F- strain. Thus, the E. colf
WR3026 strains containing the lac elements did not respond to either of
these phages as do F-containing derivatives of E. coli K-12.

c¢. Each of the six E. coii WR3026 strains containing a trans-
missible Jac element was examined for the presence of supercoiled, circu-
lar DNA moYecules by the dye-buoyant density centrifugation method.
Supercoiled circular DNA molecules were observed in all of these E. coli
strains. Segregants of each of these E. coli WR3026 strains which had
lost the ability to utilize lactose were Tsolated and examined in the
same manner as the lactose-fermenting strains. Supercoiled, circular DNA
molecules were not observed in any of these strains which had lost the
1%gf character nor were they observed in the recipient E. coli WR3026
strain.

d. Circular DNA isolated by the dye-buoyant density method from
each strain containing a lac element was examined in a neutral sucrose
gradient. Sedimentation coefficients of the supercoiled DNA were calcu-
lated and the molecular weights were determined. The molecular weights,
DNA base composition, and calculated number of copies per chromosome for
each of the lac elements are shown in Table 3. Also shown in this table
are our previous calculations of the percentage of total cellular DNA
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observed for the four lac elements that were separable in a cesium
chloride density gradient from Proteus DNA. The fact that the values
obtained in the present study are, in all cases, higher, may indicate
that separation of the lac element DNA from Proteus DNA on the basis of
G+C composition is less efficient than is isolation as supercoiled,
circular molecules by ethidium bromide-cesium chloride gradient centrifu-
gation. An alternative explanation is that there are more copies of the
extrachromosomal DNA molecules in the E. coli strains than in Proteus.

e. With the exception of the 56 mil11ion molecular weight
calculated for the lac-26 element, the molecular weights of the lac
elements are significantly smaller than our calculation of 60 miTT{on
for the molecular weight of the F sex factor isolated from an F* deriva-
tive of E. coli WR3026. Also, with the smallest of these lac elements,
lac-28, having a molecular weight of 30 million, variation in size is
apparent among the lac elements themselves. Clearly, however, some of
thesc elements are not distinguishable from one another on a molecular
weight basis, e.g., lac-28 and lac-20 (30 versus 32 million molecular
weight), lac-32 and Tac-50 (40 versus 42 million), or even perhaps lac-22
and lac-50 (36 versus 42 million).

f. In attempting to assess the significance of the size varia-
tion among those elements which are distinguishable on this basis, the
question arises as to how much of that size represents sex factor DNA
and how much might represent added DNA, possibly of chromosomal origin.
The finding that none of the E. coli exconjugants containing these lac
elements responded to R-17 or ¢IT as do F-containing k-12 derivatives,
or that most of the elements are significantly smaller than F, does not
preclude the possibility that, like F, they are, or have been, capable
of interaction with the bacterial chromosome. Certainly, the presence on
them of the lac determinants does suggest that such an interaction once
took place. Thus, despite their isolation from different Salmonella
strains at different points in time, it is possible that some, or even
all, of these lac elements may be members of the same class of sex
factors.

3. Genetic characterization of a bacterial locus involved in the
activity of the N function of phage Tambda

a. We have previously shown that S. typhosa is unable to
adsorb lambda, a well-characterized temperate bacteriophage of E. coli
K12. Appropriate L. coli - S. typhosa hybrid strains which had
acquired the E. coli KIZ genes controlling formation of the receptor
substance needed for adsorption of lambda were constructed by matings.
Many of these hybrid strains, typified by S. typhosa hybrid WR4255,
although now able to adsorb lambda, did not permit plaque formation by
this phage. The WR4255 hybrid was lysed, however, by mutants of lambda
which bypass the functioning of the N gene of lambda, and by hybrids
between phage lambda and phage 21 which have replaced the N gene of
lambda. The N gene of coliphage lambda specifies a protein which
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regulates the expression of most other lambda functions. This regula-
tion of lambda occurs at the level of transcription, since in the
absence of N function, transcription of the lambda genome is signifi-
cantly reduced. Two classes of bacterial strains have been found to
inhibit the action of the N protein of phage lambda. One of these
classes {s made up of mutant bacteria from E. coli isolated by Dr. D. I.
Friedman of the University of Michigan. The other class is represented
by E. coli-Salmonella hybrid strains such as S. typhosa hybrid WR4255.

A collaborative study was undertaken with Dr. Fr n to determine
whether there was a genotype similarity between the E. coli mutant,
referred to as Nus, and the S. typhosa WR4255 hybrid which would explain
their phenotypic similarity Tn preventing lambda from plaque formation.
Although the Nus mutant, strain K95, and S. typhosa hybrid WR4255, were
obtained in uniquely different ways, both‘bac%er*a! strains share the
same major phenotypic characteristics. Each bacterial type does not
permit the growth of wild-type lambda phages which are N-gene dependent,
but does permit the growth of lambda mutants or lambda hybrids which

are N-gene independent. The complete inhibitory effect of the Nus
mutant, K95, is conditional, being expressed only at high temperature,
42°C, while the inhibitory effect of WR4255 is observable at all
temperatures. Previous studies have shown that the introduction of an
additional E. coli chromosomal segment into WR4255 enabled this S.
typhosa hybrid to produce lambda phage, suggesting the presence of a
Tambda replication ( A rep) locus in the segment.

b. In a previous series of experiments, we demonstrated that
in the S. typhosa hybrid bacterium, WR4255, a region of the E. coli
genome Tbca¥23 between minutes 60 and 73 of the 90 minute E. coll
chromosome must be present in order for the N gene product of phage
lambda to be functional. In these experiments, two E. coli Hfr strains
were used which transfer the region of the E. coli chromosome between
minutes 60 and 73 from opposite directions; WRZ0TO which transfers
genetic markers in a counterclockwise direction originating at minute
73 and WR2020 which transfers genetic markers in the opposite direc-
tion originating at minute 60. Each of these two Hfr strains transfers
the information necessary for lambda viability (activity of the N gene
product) to S. typhosa hybrid WR4255 as an early marker. The E. coli
locus involved in the replication of 1lambda was referred to as irep.
Using these two Hfr donors in mating experiments with the Nus recipient
strain K95, we found that the Nus* phenotype (ability support lambda
growth at 42°C) is transferred early by both Hfr strains. Therefore, it
is concluded that the Nus gene is located between minutes 60 and 73 of
the E. coli chromosomal map as is the case for the Arep gene.

c. In order to map the lTocation of the Nus gene more precisely,
a number of episome containing strains of E. coli carrying transmissible
elements covering various portions of the 60 to 73 minute segment of the
K12 chromosome were employed. In this manner the region containing the
Nus gene and the Arep gene was narrowed to between minutes 60 to 65 of

the K12 chromosome. To define further the map location, we used phage
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Plvir to transduce suitable markers in this region. The first marker
examined, argG, is located at minute 61 of the K12 chromosome. The
phage was grown on a Mus- strain and used to transduce a m.s* strain
which is argG-. After purification, the argG* transductants were screen-
ed for the presence of the Nus- gene. The results indicated that the
Mus locus is very closely 1Tnked (approximately 90% cotransduction) to
EHE'%Igp gene at minute 61 of the K12 chromosome. The phenotypic

ar

similarity of the Arep- and Nus~ alleles, as well as their close 1inkage,
suggested that these markers represent the same locus. We therefore
used P1 transduction to map the Arep~ locus of Salmonella. Although it
is possible to transduce some markers from S. t hosa hybrid WR4255 to
E. coli K12 recipients with Plvir, we were unaSie to recover any argdt
transductants using an argG- E. coli recipient. A less direct approach
was therefore undertaken to map the location of the Arep marker based
on the assumption that Arep may in fact be an equivalent locus to Nus.
This procedure involved transferring the arg* region to an E. coli
recipient by conjugation with an appropriate S. typhimurium Hfr strain.
A cross was therefcre performed between S. typhimurium Hfr WR4021
(transfer orientation o-iIv*agxlf-gzgﬁ*...ngE..F) and an argG- E. coli
recipient with selection for argG* recombinants. The small number of
rgG” hybrids which appeared were tested after purification for sensiti-
vity to A, AycIc17, Asx, and Abyp. A1l these argG* hybrids proved to
be insensitive to » and aclcl7, but were able to plate Asx and Abyp at
37°C. This pattern is identical to th.t exhibited by Salmonella hybrid
WR4255 and indicates that these exconjugants had acquired the Salmonella
Arep” locus. Transduction studies, using one such argG* Arep- E. coli
exconjugant, demonstrated that 1ike the Nus allele, the irep alTele
cotransduces at a high frequency with the argG locus. In these experi-
ments, lysates of Plvir propagated in the argG*t Arep- strain were used
to transduce an aspB- Nus* argG- recipient WR2045. Analysis of the
resulting argG* transductants revealed that 92% also carried the Aggg
marker derived from S. typhimurium. However, none of over 100 aspl
transductants carried the irep Tocus nor were any double (aspB* gﬁgﬁ*)
transductants recovered. Thus it was impossible for us to order the
location of Arep with respect to the aspB and argG loci. We assume that
these latter results reflect the genetic inhomology apparent in trans-
duction of genes between E. coli and Salmonella. Nevertheless, it
appears likely on the basis of all of the accumulated data that Arep
and Nus represent equivalent loci. '
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Summary

1. Swiss white mice immunized with acetone-killed vaccines prepared
from strains of Salmonella typhosa, S. typhimur ‘um, and mouse virulent S.
typhimurium hybrids which had acquired, Ey conjugal genetic transfer,
tEe S. szﬁosa antigens 9, Vi, and d, were challenged with the S.typhi-
murium hybrids and with their S. typhimurium parent strain. The overall
pattern suggested that the specificgty of the somatic antigen (9 or 4)
was the important factor in determining protection against death in this
system. Vaccines prepared from hybrids expressing the Vi antigen, how-
ever, offered no more protection against a Vi expressing challenge organ-
ism than did those prepared from non-Vi expressing hybrids of the same
antigenic constitution, implying that the Vi antigen played no role in
the protection specificity observed in these experiments.

2. Six lac elements, contained originally in clinically isolated,
lactose fermenting Salmonella strains, were transferred to a strain of
Escherichia coli KI1Z. In this host, each of these elements were shown
to be conserved as supercoiled, circular molecules of deozyribonucleic
acid. The molecular weights of these molecules, as determined by
sucrose density gradient centrifugati-n, varied from 30 million to 56
million daltons. The calculated numt.r of copies per chromosome varied
from 1.4 to 3.7, depending upon the particular lac element examined.
A1l exhibited a guanine plus cytosine composition of 50%. When tested
with the E. coli male specific phage, R-17, and the E. coli female
specific phage #11I, none of the E. coli K12 strains containing a lac
eleme;\t rgponded to either phage as do F-containing derivatives of
E. colf Kl2.

3. A locus of the E. coli K12 chrorosome involved in the express-
fon of the N gene function of phage lamtua has been genetically mapped.
The phage specified function controlled by the N gene regulates the
subsequent transcription of most of the lambda genome. The bacterial
locus involved in N gene expression, called Nus for N utilization
substance, maps near minute 61 of the E. coli chromosome based on co-
transduction with the argG marker located at minute 61. Two different
bacterial variants : ' which lambda N function is not active have been
used in mapping the Nus locus, a mutant of E. ccli K12, Nus, and a
hybrid bacterium formed by genetic transfer between E. coli and S. :
typhosa. Although these two bacterial variants exhibit sTightly
aﬁ?erert phenot /pes, chromosome transfer studies demonstrate that the
same genetic reg..n is involved in the observed N-ineffective phenotype.
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Description:

To define histopathologic manifestations of injuries experimentally
produced and diseases which present current or potential problems in
military personnel. The current effi~t is directed toward studies of
diseases of the digestive tract and k dney due to infections and in-
juries. These studies provide a basis for a comprehznsion of patho-
genesis, scientific treatment, and determination of prognosis in
diseases and injuries in military personnel.

Approach to the Problem

A multi-disciplinary approach including conventional histology,
histo- and cytochemistry, autoradiography, radio-tracer methods,
immunoinorescent microscopy, transmission and scanning electron
microscop’ is employed.

Progress

In the past, this work unit was primarily concerned with studies
of histopathologic manifestations of acute diarrheal diseases of
infectious ovigin. In the past two years, we have expanded this work
unit and included studies of diseases of the digestive tract of non-
infectious origin and experimental infections and injuries in the
kidneys. In addition, this work unit has been conducting various
interdepartmental collaborative projects at WRAIR and WRGH.

I. STUDIES OF HOST-INDIGENEOUS MICROBE RELATIONSHIP IN THE DIGESTIVE
TRACT

Medical microbiology has been concerned primarily with the poten-
tially pathogenic members of indigeneous microflora. Symbiotic species
are of at least equal importance because they maintain essential ana-
tomical and physiological function with the host (Dubos 1967). The
lumen of the digestive tract is now acknowledged as the site of a




dynamic ecological system composed of extremely large populations of
different microbes maintained in balanc:d proportions. Studies have
indicated that indigeneous microbes in the gastroircestinal flora of
mammals predominnntly populate within certain anacomical and histo-
logical divisions o{ the digestive tract (Dubus et al. 1962). Some
of these microbes are preferentially localized in a close proximity
to the surface of gastrointestinal mucosa, while others are pre-
dominantly found in ine glandular lumen of the crypt (Savage, Dubos
§ Schaedler 1968) A recent study indicated that the large concen-
tration of epithelial-associated indigeneous microbes resist access
cf pathogenic bacteria to the intestinal epiti.clial surface (Savage 1972).

Little is known about '"intestinal epithelial cell-associated
indigeneous microbes'" in mammals including monkey and man (Nelson §
Mata 1970). For this reason, we have expanded our previous study
on spiral-shaped microbes infested at the surface of the colonic
epithelium of the rhesus monkey and man (Takeuchi § Sprinz 1969,
Takeuchi § Zeller 1972). In addition, we have studied gastric spirilla
in the stomach of rhesus monkeys, another example of epithelial cell
associated microbes.

A, Studies of Spiral-shaped Microbes in the Colonic Mucosa of
the Monkey and Man

packground

Spiral-shaped microbes are one of the most common components of
the indigeneous flora of the large bowel in mammals including monkeys
and man. They are fastidious anaerobes and, therefore, difficult or
impossible to culture and isolate. Littlc is known of their structural
characteristics and their relation to tie host. Our earlier studies
on spiral-shaped organisms which characteristically colonize in almost
pure culture on the surface of the colonic epithelium (IS: intestinal
spirochetosis) of healthy monkeys and man have been expanded.

Our earlier report distinguished what was thought to be spirochetes
at the brush border region of the colonic epithelium of this subhuman
primate into two structurally different spiral-shaped microbes, spiro-
chetes and flagellated organisms (Takeuchi § Zeller 1972). We have
also shown that their massive infestation of the colonic mucosa of
monkeys -auses only destruction of microvilli and alterations of the
apical « . oplasm of the epithelial cell but produces no other struc-
tural ai -ations of the underlying mucosal tissue (Takeuchi § Zeller
1972). L various morphologic techniques, we have studied IS in the
vermiform appendices and the colon of human subjects, concluding that
1S is identical in both the rhesus monkey and man.
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Incidence and Clinical Aspects

Utilizing various morphologic parameters, the incidence of IS
was as follows:

Rhesus monkey:

Out of the control population of 221 healthy monkeys, thirty-one
(14.0%) were found to be massively infected by spiral organisms in
the colon; nineteen (8.5%) were found to be infected in both the
colo.. and rectum, while twelve (5.5%) were diffusely infected from
the cecum to the rectum throughout. No spiral organisms were
identified in the histologic sections of the small intestine.

Human subjects:
The pertinent information on human IS is summarized in Table I.

Four cases out of 210 coionic specimens and biopsies examined
at Walter Reed General Hospital (WRGH) (1.9%) were found to be
affected by IS; two of them were associated with adenomatous polyp
(cases 1 and 2) and the remaining two cases represented normal colonic ]
mucosa.

There were 8 cases of IS out of 388 appendices (2.1%) removed
surgically at Nyack Hospital (NH); only one specimen showed mild
acute appendicitis (case 12) and the remaining 7 were normal.

There were no significant G.I. symptoms with the exception of
twc cases (cases 1 and 12); the former showed a history of epigastric
discomfort and dyspepsia and the latter revealed fever and right lower
quadrant pain, symptoms which appear to be attributable to cholelithiasis
and acute appendicitis, respectively.

Morphologic Characteristics

The histologic as well as ultrastructural characteristics of all
12 cases of human IS, including the acutely inflamed appendix (case
12) and the adenomatous polyp (case 1 and 2), were indistinguishable
from those of the monkey IS.

Histologz

In paraffin sections stained with H § E, the brush border of the ,
normal colonic epithelium was rather narrow and was uniformly stained i
by eosin. In contrast, the brush border region infected by spiral
organisms was broader than normal and characteristically basophilic
(Fig. 1). The spirochete-infected brush border stained with the
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Fig. 1 - Surface of colonic mucosa infested with
spiral-shaped organisms: human appendix (Case No. 10).
A dark hairy fuzz at the brush border region (arrow)
depicts multiple spirochetes and flagellated microbes
localized on the surface epithelium. In contrast, the
brush border of the surface epithelium of the normal
colon is regular and thin. H § E. X 400
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Giemsa and the Warthin-Starry stains. Gram staining was inconsistent.
Spirochetes were never found deep in the crypts. There were no histo-
logic changes in the spirochete-infected mucosa; the epithelial cells
appeared unaltered and there was no inflammatory response in the
lamina propria with excpetion of the case of diffuse IS associated
with acute appendicitis.

Histochemistry

The spiral organisms also stained strongly with PAS and weakly
with Alcian Blue, indicating the presence of a large amount of
neutral and of a little amount of acid muco-substances. When Alcian
Blue was followed by PAS, the organisms showed a strong purple-red
color, more intense than that in the goblet cells. When stained with
high iron diamine-Alcian Blue sequence, the spirochetes stained only
with the Alcian Blue, indicating that the acid component lacked sul-
fated groups. Tests for the demonstration of various phosphatases
and of leucine aminopeptidase carried out on fresh frozen sections
did not reveal any specific concentration of these enzymes in the
spirochetes. On the other hand, spirochetes showed activity for
various dehydrogenases. Frozen sections stained with ORO were negative.

Electron Microscopy

At low magnifications, organisms were easily recognized by their
characteristic spiral shaped structure. They were usually localized
in the brush border or in the apical cytoplasm of the columnar cells
and tended to be present in large numbers. Multiple spiral-shaped
organisms frequently almost completely replaced the microvilli
(Fig. 2). Most of the fuzzy coat of the glycocalyx was lost and only
a thin cap of fuzz was occasionally seen over the tip of the remaining
intact microvilli.

Higher magnification, even with the thin sectioning technique,
showed that there were two structurally different spiral-shaped
organisms, spirochetes and flagellat=d microbes (Fig. 3). The nega-
tive contrast staining technique applied on mucosal scrapings provided
structural details of these two organisms.

Intestinal spirochetes had two to six spiral:. They measured
3-6 um in length and 0.2-0.4 uym in diameter, &~ huad gently tapered
ends. The spirochete had a central protoplasmic ~ylinder (cytoplasm)
enclosed by a cytoplacmnic membrane. Between the cytoplasmic membrane
and the cell wall was a space which contained a group of axial fibrils.
Some spirochetes showed 12 individual fibrils at the mid-portion and
6 fibrils at each end (6-12-6); others revealed 8 fibrils at the
middle and 4 at each end (4-8-4). All axial fibrils wound around the
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Fig. 2 - Brush border region of the surface colonic epithe-
lium with massive infestation of spiral organisms: rhesus
monkey. Microvilli are completely replaced by numerous
crganisms which intimately populate the epithelial surface.
Well defined spherical masses represent poor fixation and
inadequate penetration of embedding media; they are placed
only at the fibrillar cytoplasm of flagellated microbes. In
contrast, these artefacts are absent in spirochetes (S). *
Flagellated microbes are predominant. Numerous flagella are !
evident (arrowheads). X 16,000
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Fig. 3 - Brush border region infested predominantly by spirochetes:
human appendix. Most of microvilli have disappeared with a remnant
remaining (MV). The penetrating part of organisms shows a close
contact with the invaginating host cell membrane. The spirochete
consists of a cytoplasmic cylinder, axial fibrils and cell wall (large
arrowhead) ; the cytoplasmic cylinder is enclosed by cytoplasmic mem-
brane (small arrowhead); axial fibrils (semicircular line) between
cell wall and cytoplasmic membrane are wound around the cytoplasmic
cylinder like a helix. FM: indicates flagellated microbe, with
flagella (arrows). X 78,000
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cytoplasmic cylinder in a helical form, originating from the terminal
disc at each end and extending from one end of the organisms to the
other. These structural characteristics are shared by other types of
spirochetes. Flagellated microbes were always less frequent than
spirochetes and had two to four spirals. 7They were 4-6 um long and
0.2-0.4 ym wide. They terminated bluntly, showed a single flagellum
originating from each end, and had no axial fibrils between the cyto-
plasm and the cell wall.

Spirochetes and flagellated microbes were the only two types of
organisms identified in the brush border. The ratio between the two
types of organisms varied greatly from one case to another in both
human subjects and monkeys, but spirochetes were usually predominant.
Both organisms could be embedded side by side in the brush border,
sometimes penetrating into the apical cytoplasm, and showing a close
physical contact with the invaginated laminal plasmalemma of the
epithelial cell. Sometimes flagella coiled around the flagellated
microbes.

In rare instances, both spirochetes and flagellated microbes were
seen penetrating further into the colonic epithelium. In the cyto-
plasm of columnar cells, they were enclosed by a single membrane,
or contained in an autophagic vesicle together with host cytoplasmic
components. Otherwise, the remainder of the cyto-components of
epithelial cells appeared unaffected by their presence. Both spiro-
chetes and flagellated organisms were occasionally also found in the
intercellular space between epithelial cells and in the lamina propria,
where both organisms could be noted either free or in macrophages;
in the latter case they were enclosed tightly by a single membrane
or contained in large phagosomes with other cyto-components. Both
spirochetes and flagellated organisms within the epithelium, and even
within phagocytic cells, appeared morphologically unaltered. There
was no inflammatory response in the lamina propria.

Discussion

The present study has demonstrated the morphologic findings and
ultrastructural characteristics of intestinal spirochetosis (IS) in
the rhesus monkey and man, from which we have concluded that IS is
essentially identical in both species. IS is a common condition
(28%) in the healthy rhesus monkey (Macaca mulatta). In contrast,
the incidence of this condition in man is far less common (2%) than
in the monkey counterpart. Harland and Lee have reported that IS
occurred in 10 out of 100 consecutive human rectal biopsies, and
was associated with symptoms relating to the bowel or with organic
lesions such as carcinoma and multiple polyps of the colon (Harland
§ Lee 1967). Lee et al. (1971) in their review of light and
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electron microscope studies reported that IS occurred in 6.9% of
rectal biopsies and 7.8% of the appendices seen and stated that human
IS was not consistently associated with G.I. symptoms. Shera (1962)
stated that his 53 cases of spirochetosis were associated with "straw-
berry lesions' of the colon and presented mild to se/ere diarrhea;
the diagnosis was established only by fecal smears which contained
large numbers of spirochetes; no spirochetes, however, were demon-
strated in histologic sections of strawberry (granular) lesions.

In our human cases, with one exception, and in all the monkeys, no
bowel symptoms were associated with IS. In the one human case (case
12), the massive spirochete infestation at the brush border of the
epithelial cells appeared incidental to acute appendicitis.

E In previous ultrastructural studies on human intestinal spiro-
chetosis, only Harland and Lee (1967) and Lee et al. (1971) have
observed spiral fibers in the brush border infesting organisms;
therefore, they concluded that these were spirochetes, while Gear and
Dobbin (1968) did not mention the presence of axial fibers but
described them as spirochetes because of their silver positive
reaction in mucosal smears. In neither report were the ultrastruc-
tural details of the organisms given. Our electron microscope
investigations on IS have demonstrated the existence in both monkey
and man of two structurally different microorganisms, a true spiro-
chete and a flagellated microbe. Rosebury, in reviewing the classi-
fication of spirochetes indigenous to man, found the situation to be
one of "near chaos'" (1962). As yet, the current classification
depends primarily upon the staining characteristics and morphology

of the organisms when viewed by light microscopy. Spirochetes in
mammals were classified as Borrelia or Teponema, mainly on the basis

_ of their affinity for aniline dye. Later, Listgarten and Socransky
3 (1965) used the electron microscope as an aid in a taxonomic
differentiation of oral spirochetes based on size of the protoplasmic )
cylinder, number of axial fibers and structure of outer envelope. 1
On the basis of staining characteristics for aniline dye, the ]
intestinal spirochetes belong to the genus Borrelia. On the basis i
of ultrastructural characteristics. we were able to conclude that '
the brush border spirochetes are morphologically identical to oral {
spirochetes and their major cell type is that of Borrelia vincentii
{Li<tgarten § Socransky 1965). However, it can not be concluded
from their ultrastructural characteristics alone that both oral and !
intestinal spirochetes are identical organisms.

It has been suggested that the constant association of flagellated
microbes and spirochetes signifies a possibility that intestinal
spirochetosis is a variant of Vincent's angina (20). Vincent's angina,
identified also as fusospirochetal disease, is known as one of the

884




most complicated symbiotic infections and is said to be caused by

‘ both spirochetes and fusiform bacteria acting in symbiosis with

other types of anaerobic bacteria (Smith 1932). Under the phase
microscopy, fusiform bacteria can be easily distinguished by their
characteristic shape from other enteric microbes. The polar
flagellation is absent in published electron micrographs of Fuso-
bacterium fusiforme and Fusobacterium pleomorphum (Takagi 1962).

The exact identification and taxonomic differentiation of flagellated
microbes, however, must await successful culture methods and biologic
and serologic testing.

The brush border of the intestine is an important region from

the physicochemical and immunological point of view. Rich in

various enzymes, the surface of the microvilli is coated by a fuzzy

outer layer composed of a mucopolysaccharide complex and covered
| by immunoglobulin A. The present study calls attention to the effect

of massive microbe infestation at this important region of the

colonic mucosa. Spiral organisms do invade host cells, but only their
’ upper three cyto-components - glycocalyx, microvilli and terminal web,
{ while the other host cellular structures remain unchanged. This
implies that cell structures might be selectively destroyed without
apparent ill effect to the rest of the cell. In rare instances,
spirochetes penetrate deeper into the epithelial cytoplasm beyond
the upper three components and are capable of invading the lamina
propria. Yet, the effect of penetration if self-limited and elicits
no inflammatory response. In the colon of normal rats (Davis et al.
1972) and dogs (Leach et al. 1973) spiral organisms are present t above
the micrevilli and can penetrate the epithelial cells without
eliciting a cellular response.

Conclusion

Intestinal spirochetosis (IS) is the infestation of the gut
mucosa by spiral-shaped organisms. The incidence of IS is 28% in
monkeys and 2% in human subjects. IS is not associated with any
G.1. symptoms. In bcth primates, the morphologic characteristics and
the relationship to the host are indistinguishable. Spiral organisms
stained with H § E appear as broad basophilic haze on the colonic
surface and are strongly positive by Warthin-Starry (silver) stain.
Spiral-shaped organisms include two structurally different organisms,
spirochetes and flagellated microbes. They intimately populate the
brush border region of the surface of the colonic epithelium. They
are absent in the crypt and in the small intestine. Infestation
by spirochetes produces no alterations of cyto-components of the
underlying host structures. Under as yet undetermined conditions,
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spirochetes are capable of penetrating beyond the brush border region
into the epithelial cytoplasm and also into the lamina propria.
Although this occurrence is very rare, it is possible for mucosal
penetration, when it occuvrs in large numbers, to cause structural
titeration and clinical symptoms in hosts.
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B. Studies of Gastric Spirilla with Mucosa of the Stomach of
the Rhesus Monkey

The presence of spirilla (GS) in gastric mucosa has long been
recognized in various animal species including monkey and man. GS are
fastidious anaerobes and have not been cultured even with strict anae-
robic conditions. As a cesult, little is known about the entity and
the condition is often overlooked. Using histology, thin sectioning,
negative staining and shadow casting techniques by EM, we studied
structure of GS and their host relationship in healthy rhesus monkeys.
In paraffin sections stained by H § E, GS may be mistaken for strands
of mucus. GS are Gram-positive and best demonstrated by silver stains.
In thick sections of Epon-embedded tissue, GS are recognized as '"cork-
screws' with up to 12 coils. They are 8um long and 0.8um wide. GS
have characteristic polar flagella. They concentrate in isthmus and
are found less frequently in neck and base of gastric glands, while
they are rare or totally absent in gastric lumen. GS are closely
associated with parietal cells (Fig. 4) and are capable of penetrating
into parietal cytoplasm. Preliminary studies have indicated that in
either intra- or extra-cellular locations, GS elicit neither changes
of host cyto-components nor inflammatory response.

To date GS have been found in the stomach of all of 33 monkeys

examined. The precise role of GS infestations in the gastric mucosa
is being investigated under normal and pathological conditions.
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Fig. 4 - Gastric spirilla (GS) in glandular lumen of isthmus, stomach,
healthy rhesus monkey. A spirillum is in a direct contact of micro-
villi of a parietal cell (PC)}. Mucus granules are in a process of
discharge from a mucus neck cell (arrows). Mucus granules (MG) .
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IT. STUDIES OF HOST-PATHOGENIC MICROBE RELATIONSHIP IN THE DIGESTIVE
TRACT

A. Studies on Penetration of the Colonic Epithelium by Entamoeba

Histolytica

Background

In man, acute diarrhea caused by E. histolytica is attributable to
colonic lesions associated with invading ameba. The most common colonic
lesions in human patients are acute ulceration which initially developed
in the cecum. Cecal ulcers often complicate the prognosis of patients
because they develop frequently into perforation of the bowel wall
followed by peritonitis and also because they are an initial source of
extra-enteric amebic lesions. Yet the pathogenesis of acute amebic
ulceration has never been satisfactorily clarified. Some believe that
ulcers develop from necrosis of bowel tissue by '"lytic enzyme' produced
by invading ameba, while others postulate that secondary invasion of
bacteria is responsitle for ulcer formation in the colon. This dis-
crepancy had been mainly related to as yet unclarified mechanism of
initial penetration of the gut mucosa by ameba and the subsequent
changes of the mucosal tissue surrounding invading ameba. Some be-
lieve the ameba penetrates the epithelium by mechanical means. Others
postulate that necrosis of gut mucosa by cytolyti: enzymes produced by
the ameba is responsible for penetration and establishing tissue in-
fections. However, definitive information concerning the specific
mechanism by which invasion takes place remains undocumented.

By electron m1crosc0py, Griffin (1972) and Pittman et al. (1973)
studied rectal biopsy specimens from human patients with E. histolytica
infections. Although these studies :larified several aspects of
amebic-colonic mucosa interactions, they did not demonstrate pene-
tration of colonic epithelium by amebae and their effect on the
epithelial cell. This may be due to the limitations inherent in
rectal biopsy material and the fact that human cases clinically
encountered represent a relatively advanced stage of the disease.

The present investigation was undertaken to clarify the mode of
tissue invasion of E. histolytica from gut lumen into lamina propria
through cecal epithelium and how cytoplasmic components of host cells
respond to this penetration.
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Expcrimental Infections and Morphologic Methods

NIH Hartley strain germfree guinea pigs were used as experimental
hosts. The animals were obtained by Caesarian section, maintained in
Reynier's series 500 stainless steel isolators on dietary regimen L-445
and monitored at weekly intervals by procedures described previously (9).
All animals were inoculated at the age of 12-17 day- and each received
a 1.0 ml inoculum containing 200,000 E. histolytica. CDC J-190 strain
amebae were injected directly into the cecum during laparotomy under
sodium pentothal anesthesia. They were maintained in vitro in Locke's
egg-rice flour medium with enteric flora from the patient, incubated
at 37° C. and transferred thrice weekly. Inocula were prepared by
pooling the sediment from 48 hour cultures and quantitating with a
hemocytometer. Control animals were treated just as the experimental
group except they were inoculated with only the enteric flora without
amebae.

Guinea pigs were killed at post-inoculation intervals of 7-12 days
by ether anesthesia and autopsied in a conventional manner. The cecum
was removed immediately and immersed in chilled physiological saline
wherein the cecal wall was opened and the luminal contents carefully
removed. Multiple sections were taken immediately from the cecum.
Each section was divided into two pieces and processed for light and
electron microscopy.

OCbservations

Light microscopic observations of paraffin sections of the ceca
from infected guinea pigs showed many trophozoites, massed focally in
the lumen in association with cellular debris and eosinophilic exudate,
and on or near the surface (interglandular) epithelium; fewer were in
the crypts lumen (glandular). Even slight mucosal pathologic changes
such as mucin discharge occurred always in conjunction with the presence
of amebae. Unless the proliferation of amebae in the cecum was massive,
there was no generalized mucosal response to the infection.

The exact position of the amebae in relation to the epithelial
elements and the tissue response to them were better revealed in one u
sections of Epon-embedded material. Amebae were seen in more or less
close contact with the surface (Fig. 5) or the crypt epithelium
(Fig. 6). Elsewhere one or more amebae could be seen between epithelial
cells (Fig. 8), most commonly within the surface interglandular epithelium.
If multiple sites were involved, the amebae were seen equally within
the interglandular and glandular epithelium. Surface epithelial cells
in proximity of the intraepithelial amebae were often cuboidal rather
than columnar, with indistinct brush borders (Figs. 5, 6).




Fig. 5 - An ameba (AM) is away from the epithelial
barrier while other amebae contact the interglandular
epithelium (arrows). In the gut lumen, cell debris
are mixed with mucus strands. X 650

891




Fig. 6 - An ameba is in the crypt lumen showing
a close contact with the brush berder of crypt
epithelial cells (arrow). X 550.
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Fig. 7 - An ameba is seen between cells of the
interglandular epithelium and another is in contact
with the epithelial cells. The epithelial cells
are cuboidal and irregular. The brush border is
indistinct. In the glandular lumen an ameba (3)

is close to the epithelial surface while another (4)
contacts epithelial cells. X 460




i &-’ :
! w2

e U =

Fig. 8 - Amebae (small arrows) are within the
crypt epithelium, or in the lamina propria.
Another ameba had already invaded the sub-
epithelial tissue (large arrow). X 350
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Aggregations of bacteria were present in the gut lumen but none
were identified within the mucosa unless they were associated with
intramucosal amebae. Goblet cells were few in number, severely dis-
charged, and occasionally absent. Crypt glands were often distorted
with dilated lumina. Polymorphonuclear leukocytes (PMN) infiltrated
around the sites closely associated with amebae. Extravasated erythro-
Cytes were present in the lamina propria and occasionally within the
epithelial lining.

Electron microscopic observations confirmed the light microscopic
findings and revealed further details. If no amebae were seen in the
general vicinity of the mucosal epithelium in the infected guinea
pigs, the ep’thelium was the same as in the control. When the amebae,
however, were associated with a certain :zrea of the mucosa, even if
not in contact with the surface epithelium, epithelial cells sometimes
showed changes including reduction in number and height of microvilli,
accumulation of membrane-bound lipid droplets and occasional auto-
phagic vesicles. However, other cyto-components of epithelial cells,
including the glycocalyx, remained unaltered.

When the amebae were closer to the surface epithelium, the glyco-
calyx overlying the microvilli became obscure or disappeared, while
dense material was present between the organism and the altered micro-
villi (Fig. 9). Such material was absent from the microvilli in the
immediate vicinity and from the remaining membrane of the advancing
ameba. Concurrently, a variety of cytoplasmic changes were seen in
the epithelial cells and the microvilli shortened and became sparse.
The fibrillar cores of microvilli and terminal web became obscure and
lipid droplets increased in number. The mitochondria were often
swollen with an opaque matrix and often deranged cristae. Meanwhile,
both rough and smooth ER were dilated. PMN emigrated from the capillary
lumen and appeared in the underlying lamina propria and sometimes
migrated through the epithelium. In contrast, proximity of an ameba
to the brush border of epithelial cells in the crypts was associated
with a lesser degree of alterations o< host cyto-components limited
mainly to the microvilli. Even when the ameba was in direct contact
with the flattened micro. 'lous surface, cytoplasmic alterations of
these epithelial cells were minimal or absent (Fig. 10). Interaction
between epithelial cells and amebae, when these were located between
epithelial cells, however, elicited the same responses of host cyto-
plasmi. components regardless of the location With the amebae in
close apposition, microvilli completely disappeared and epithelium
was limited by a smooth luminal plasma membrane. When this occurred,
the apical cytoplasm, lacking cell organelles (Fig. 11), bulged and
projected toward the lumen. These cells, which were in very close
proximity to amebae, were seen as detached from adjacent cells,




Fig. 9 - Two amebae lie close t> w..rovii.i of
surface epithelial cells. Note dense material
between amebae and the short, sparse microvilli
(arrows). Epithelial cells are cuboidal and
their cytoplasmic components show swolien mito-
chondria, lipid droplets (arrow heads) and
dilated ER. A portion of a PMN is in the sub-
epithelial region near the basal lamina (dotted
line). F: Fibroblast. L: Lymphocyte. Refer
to Fig. 15-1. X 7200

896




Fig. 10 - ‘"acha in the crypt lumen shows on*act with
the microvilli of epithelial cells. Mic uvilli uar
short and sparse (right half), while those at lower
left for the most part have disappeared with occasinal
remnants remaining. At upper left, the microviilous
surface is flat and in contact with the cell membrane
of the ameba (arrows). Otherwise, cyto-components of
host cells are unaltered. Dense material is absent.
Note, at bottom, multiple inviginations of the cell
mernbrane of the organism. E: Phagocytosed erythrocyte.
FV: Food Vacuole. Corresponds Fig. 15-3. X 8400
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Fig. 11 - Amebae (AM) in contact with the luminal
surface of interglandular epithelial cells (EP).
Varying degree of cytoplasmic changes ranges from
nearly normal in one cell (EP1) to severe altera-
tions (EP4). Microvilli and terminal web for the
most part have disappeared with a remnant remaining
(large arrow) in a host cell (EP2). The cell mem-
brane of amebae is thicker and denser than the host
plasmalemma. AMl has adhered to the projected
apical cytoplasm of host cell (EP3). Note spectrum
of mitochondrial changes (small arrows} within a
single cell (EP4). X 10200
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Fig. 12 - Several epithelial cells extruding from
the surface epithelial lining next to an ameba.
Note a variety of cytoplasmic changes in extruding
cells. Extruding cells have been separated from
the basal lamina (dotted line) producing spaces
that are filled with an erythrocyte and PMN.
Spectrum of degeneration of nuclear material in
PMN ranges from near normal (1), to condensation
of nucleoplasm and cytoplasm with extrusion of
granules into extracellular space (2, 3, 4) to
lysis of cell membrane with release of cyto-
components (5). The luminal membrane is partially
disrupted (arrow) in close proximity to lysing

PMN with cytoplasmic fragments (5) (Fig. 15-5).

X 4100
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Fig. 13 - Higher magnification of a section adjacent
to Figure 7 shows a portion of ameba cvtoplasm (AM1),
(apparently a pseudopodium), extending from ameba
AM2 toward the basal .amina (dotted line). The basal
cytoplasm of a host .cll lacks cellular organelles

and shows cytopl.-mic projection (arrow) toward the
pseudopodium (AMI}. Note close contact between
membhran« t cell (EP4) and ameba (AMl). In-

Cteas iy Jdoyeneration process ranging in degree

trom LP1 to EP4 is evident. M: altered mitochondria.
A third ameba (AM3) is in the lumen. LD: Lipid
Droplet. X 9100
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Fig. 14 - In the epithelial amebae (AMl and 2),
AM2 is beyond the intercellular space and basal
lamina (dotted line) within the lamina propria,
while AMl is between epithelial cells. Extruding
epithelial cell (EX1) shows V-shaped cytoplasmic
projections (CP), one of which (CP1) adheres to
AM1 and the other (CP2) contacts the ameba in the
lamina propria (AM2). Surrounded by extruded
cells (EX2 and 3) and CPl and 2 are extracellularly
discharged granules and cyto-components of de-
generating PMN (2-4). A normal PMN (1) is present
in the lamina propria. X 6100
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either from the basal lamina (basement membrane) or from both basal
lamina and lateral plasmalemma of adjoining cells, thus producing
spaces between epithelial cells (Fig. 12). In detaching cells, the
cytoplasmic alterations described above became more severe. Mito-
chondria were most severely affected. The cristae were further
deranged and electron opaque spherical granules became evident in
the matrix (Figs. 11, 13). At this stage, increasing numbers of PMN
and rare macrophages were found in the epithelium, filling the inter-
cellular spaces (Fig. 7). PMN showed a variety of degenerative
processes including depletion of glycogen particles, condensation of
cytoplasm and nucleoplasm, pinching off of cytoplasm and disruption
of cell membrane, resulting eventually in release of cytoplasmic
contents (Figs. 12, 13). This occurred most frequently in PMN which
were in direct contact with amebae.

Epithelial cells separated lastly from adjacent cells at the
intercellular tight junction; at this stage the amebae were seen
between adjoining cells. Occasionally amebae were found within the
epithelium at the level of the intercellular tight junction but
extending pseudopodia to the basement membrane (Fig. 13), or in the
extracellular space of the lamina propria beyond the basal lamina
(Fig. 14).

Discussion

On the basis of the presert studies, it was possible to establish
the probable mode of E. h1stolzt1ca penetration in the cecal mucosa
of the conventionalized guinea pig which, we believe, may well
represent what happens in the natural human host. Contr1but1ng to
the value of this investigation was the choice of a germ free
experimental host inoculated with E. histolytica and the enteric
flora from a human case of symptomatlc amebiasis. Several years'
experience with this model has indicated its superiority over con-
ventional animals for study of enteric amebic disease. Conventional
animal models have floras characteristically different from that
encountered in human patients, and it has been shown that different
bacteria may infiuence appreciibly the many facets of enteric amebic
disease (15).

Under the conditions of this experiment, penetration of amebae
in the cecal mucosa was asynchronous and proceeded at different rates
in different animals and even in different areas of the cecum of a
single animal. The sequence of phenomena which occurred during the
process of penetration was reconstructed from hundreds of individual
observations on the interplay of amebae with the mucosal epithelium,
as amebae were found increasingly closer to and finally into the
epithelium. Changes observed in the epithelial cells followed a
consistent pattern which formed the basis for our interpretation
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Fig. 15 - A schema, based on results of present studies, illustrating
penetration of cecal epithelium of guinea pigs by trophozoites of
Entamoeba histolytica following intracecal inoculation of amebae and
enteric flora from human case of amebic colitis.

1. With ameba (AM) in the gut lumen away from the brush border,
epithelial cells occasionally show lipid droplets and shortening of
microvilli. Otherwise host cyto-components remain unaltered. The
brush border consists of glycocalyx, microvilli and terminal web
which ends at the level of the intercellular junctional complex.
Mitochondria and endoplasmic reticulum are present in the apical
cytoplasm of the epithelial cell.

2. As the ameba comes closer to the brush border, microvilli be-
come shortened and irregular. Lipid droplets are common in the
epithelial cytoplasm. Dense amorphous material emerges between the
ameba and microvilli. Polymorphonuclear leukocytes (PMN) migrate
from the capillary into the lamina propria beneath the epithelium.
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3. As the ameba advances further, the microvilli become further
altered and transformed irto a smooth luminal plasmalemma while
the dense material disappears. Meanwhile, PMN begin to migrate
into the intercellular space o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>