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Introduction

The objective of the proposed study as stated in the Statement
of Work was to evaluate the early cellular responses of specific
components of the leukocyte and epitheliél cell populations to foreign
challenges of both an infectious and noninfectious character. Pro-
.cedures for screenjng potential fiight crews were to be devéloped,

documented, and tested on a control population.

-. " These goals have been met with the exception that a larger

population of people needs to be studied for adequate statistical
reliability.

. - The first year was devoted to establishing and evaluating methods
for preparing suitable populations of lymphocytes, polymorphonuclear
!eﬁkocytes, macrophages, and epithelial cells. Lymphocytes were
studied for normal function, and baseline nommal values were determined
during this period. Epithelial cells from viral infected individuals were
screened with a number of anti-viral antisera now available in our
laboratory. This procedure showed the earliest indication of disease
as well as providing a specific diagnosis to the physicians. A complete
conventional virus diagnostic laboratory was and is now operational with
diagnostic samples done on physician request. Both macrophages and
poiymotphonuciear leukocytes were studied from normal individuals',

smokers, and patients with viral infections.



'[Ele second yea.r has seen the development of newer techniques
enabling better definition of lymphocyte subpopulations, namely the E
and EAC rosette procedures for recognition of T (thymus-derived) and

B (bone-marrow—aerived) fymphocyte subpopulations. Lymphocyte and
lymphocyte subpopulation fesponse to multiple mitogens have been
evaluated. The effect of storage on whole blood before processing was
determined. An additional 160 blood samples were added to the normal
baseline values for our [aboratory. Studies to determine reproducibility
of normal data were performed. Many of these baseline values were
obtained in conjunction with studies of a Rhinovirus, three influenza
(England 1 and Hong Kong) viral infections and Mycoplasma

. respix;atoéy infection. Lymphocyte analyses by mi'crospectrophotometry
were expanded to correlate morphological changes during biastoid trans-
formation with nucleic acid-/protéin kinetics. Baseline microspectro-
photometric values were obtained on lymphocytes from both normal and
immunodeficient individuals. - Lymphocyte response to non-specific

mitogenic chalienge was evaluated.
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Overall Progress toward Goals

The objectives as defined in the statement of work ‘have been met.
and the protocol that is recommended in this report has been evaluated
on- a bas_is of cellular response in both normal individuals as -welI as
subjects-with infectious disease. The recommendations for use of the

outlined protocol for early detection of disease must be (qualified with

" the statement that none of the individuals extensively studied constitutes

the astronaut population, a factor that may be q-uite pertinent as far as
normg:ll baselines are concerned. Astronauts have consistently shown
d'iffefent clinical values throughout the Apollo and Skylab series.

What may be normal to a man on fhe_ street may not be a nomal value
for an astronaut. We do believe that there is no basis to assume that
astronauts would reqund differently if infected erith a viral a;_;ent. We
recommend that additional studies be done to increase the numbers of
individuals in both the control as well as infected studj aroups and to

evaluate the normal values for the astronaut populations.
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Completed work on sectional phases

A. Lymphocytes

1. Establishment of Baseline Vahies, Procedures and Statistical
Variation in Non-lli Individuals:

r

Introduction

The cellular immune system is comprised of thymic derived (T)

lymphocytes and bone marrow derived (B) lymphocytes (Good, 1970;

. , .
and Raff, 1971). The T cells are identified by their capacity to
form rosettes with sheep erythrocyies (Jondal, Holm, and Wigzel, -

123“72), their lack of-'surface bound immunoglobulin (Raff, 1970;

Crane, Kock, and Simonsen, 1972) and their responsiveness to

r

l:ldncanavalin A and phytohemagglutinin (PHA:J mitogens {Douglas et al.,
1969; Andersson et al., 1972). They appear to be responsible for
qei]ﬁnediated immunity .

_ ‘ B I'ymphocyte-s have surface membrane bound immunoglobulin.
detectable by.immunofluorescence (Raff, 1971), have C'3 complement
l:e-ceptor_s (Bianco et g_l_., 1970),-and are mediators .of humoral immunity.
" The present study was conducted to define the normal repreducible
ranges of B and T lymphocytes in 160 non-ill individuals. To
determine the vériability of the sampling procedure, multiple tubes of
blood were drawn on one individual and values compared. Test

reproducibility was determined by a blind study of multiple counts on

one sample, and multiple samples from one individual. Variation



among individual people was studiéd over a 3-13 week period.
Additionally, studies were done to determine how long blood
samples could be stored and at what temperatures befo-re changes
were noted.

MATERIALS AND METHODS

‘ Selection of subjects.

One "hundred-sixty subjects were selected from healthy prison

volunteers, medical students and Baylor laboratory personnel.

Blood Collection.

; . Samples were collected in c;)mmerciall'y available heparinized
vécu’tainer tubes (#4716 Becton—Dick.inson, Rutherford, N.J. 070_70),
or tubes to which 200 units sterile preservative free heparin (Fisher
Scientific Co., Houston, Tx.) had been added for each 10 ml blood:
The samples were processed within 1 hr afte:: collection with the
exception of some that were held at 4°C or room temperature for

24 , 48 or 72 hrs before proces‘sing.

White blood cell counts and differentials.

~. WBC counts were petformed using the Unopette diluting system
(#5855, B-D) and hemacytometry. Some counts were run on a
Coulter Counter (Model Fn, Coulter Electronics, Hialeah, Fla.)‘
parallel with the manual method. Slides for differentials were prepared
with the standard technique and stained using the Ames Hematek Slide

stainer (Ames Corporation, Elkhart, Indiana).

-5=-



ABO Blood group typing.

" The ARO blood group of each sample was determined using
commetrcially available antisera (Dade, Miami, Fla.) by the slide
agglutinatidn technique.

Lymphocyte separation.

Purified lymphocyte suspensions were obtained using the Lymphocyte
Separator ™ -(Technicon Corporation, Tarrﬁown, N.Y. 10591). The
" whole blood was centrifuged at 2000 RPM for 15 min, and the buffy
coat removed. The separating reagent (Technicon) was mixed weil,
an_d an amount 4 times the volume of the buffy coat was drawn into
a 50 ml plastic disposable sytinge using a 20 gauge needle. QOne ml
of the appropriate ABO antiserum and the buffy coat were then added.
After drawing an airspace equal to the volume of liquid and plugging
the needle wi'th a viny! cap, the syringe was placed on the Technicon
Rotator in a 3706 incubator and allowed to rotate for 30 min. After
the rotation period, the airspace was removed, the needle replaced,
and the syringe was placed upright in a rack for 30 min at 37°%.
Foll'owing _sedir_nentation, the sample was. pro'cessed through the
lymphocyte separator. The sample collected was then centrifuged
for 10 min at 2000 RPM and the supernatant removed. The cells
were washed 3 times with phosphate buffered saline (pH 7.4). The
cells were resuspended in PBS, a cell count performed, and the

cells then aliquoted into various tubes for testing.

-6~



B lymphocytes.

1.0 x 106 lymphocytes were placed in each of 4 tubes.
2-3 dror;s of a 1:4 dilutir;n of a FITC-conjugated antisera to
total anti~human immunoglobulin, anti-IgG, anti-IgA and anti-IgM,t
were placed in the appropriate tubes. After mixing, the cells were
allowed to react with the antiserum at 4°C for 30 min. They were
then washed three times with cold PBS, placed on a glass slide,
coverslipped, and examined for the number of fluorescent cells by
use of an Ortholux Leitz Microscope equipped with an HRO 200
mercury burner, phloen illuminator, with a S 360 (UGL) UV exciter
filter, a K 460 barrier filter, and a S 525 interference ’filter"
(fluorescence selection filter). ‘

Rosette forming lymphocytes (T cells)

Sheep RBC (SRBC) were stored at 4°C in Alsever's solution,
washed 3 times with minimum essential media (Eagle) (Gibco) (MEM),
and adjusted to a 0.5% suspension. 1.0 x 10? lymphocytes were
placed in tubes and washed once with MEM. 0.25 ml MEM and
0.25 m! SRBC suspension were added to each tube. 'After mixing,
the tubes were incubated at 37°C for 5 min. The cell suspension was
centrifuged at 500 g for 3 min., then incubated in ice water for 2 hrs.
Approximately half of the supernatant was removed and the top-layer
of cells gently resuspended. Both sides of a hemacytometer were
filled and 100 lymphocytes were counted on each side. Lymphocytes

with 3 or mote adhering SRBC were counted as rosette forming cells.
-7 -



Non~reactive lymphocytes ("null™ cells)

"'-'“"Non-'reactivé cells were determined by adding the iﬁmunqglobulin
bearing and the rosette forming T lymphocytes and subtracting the
“value from the total number of lymphocytes.

Culture technique

.Lymphocivte cultures were set up by thé méthod of Curtié gj:; al.

| (J:;B-'/‘O) with the following exceptions: 1 x 106 lymphocytes were
_gu*:;bended in 1 ml of fetal calf serum (Gibco #614). The cell -
':-'I’u:spe‘nsi.oris wete pléced in 16‘ x 125 mm- sterile culture tubes
contaiﬁing 2 ml of ME’M Pen~Strep solution (-1-0","000 units Penicillin
aﬁi 1Q,000 mcy Streptomycin/m-l, Gibco #514) and MEM L-glutamine
('2:00. mM, Gibco #503). Duplicate control cultures and cultures with
phytohemag'glutin'in-P (PHA-P, Difco, 0.01 ml/culture) or pokeweed
r;1itc}geri (PWM, Gibco, 6.05 ml/cﬁlture) were incubated in a 5% CO2
z;trriosphere at 37°C. PHA-P cultures were harvested at 3 days and .
F’WI\J’I_at 5 days. At the time of harvest, 1 uc of '3H-thymidine Was
added to each tube and incubated for 2 hours at 37°C. The cells
were washed with cold saline, the protein pt;ecipitated with 5%
trichloracetic acid and methanol, solubilized with Soluene (Packard
Instr&ments)‘and suspended in a toluene scintillation fluid. Activity
v;as measured in a Packard‘Tri Carb Liquid Scihtillatio'n Spectrometer

(Model 574) and results expressed as counts per minute (CPM) per

“cuffure.



RESULTS AND DISCUSSION

Normal values for 160 non-ill subjects.

_____Table 1 shows the mean values, standard deviation, and ranges
_for non-ill subjects studied, The actual number (N) in each test

is shown. The values are expressed as absolute numbers of cells
per milliter of whole blood and as percentages. These many .para-
-meters will form the data base for comparison with known abnormal
~subjects in the future.

Technical variation for each test.

Table 2 shows the variation when duplicate samples were drawn
fror_n three individuals and each of the duplicate samples processéd
;eparately. The total white cell and absolute lymphocyte counts
vatied by + 10%, the T cell-rosette by i 5% and B iymphocytes

by + 10%. In a separate study (not in table), 6 tubes of blood were
drawn from one individual t& determine the variation due to sample

_collection. The total leukocyte counts and absolute lymphocyte
counts varied by + 10%, the rosetting T lymphocytes by + 7% and .-

the fluorescent B cells by + 5%.

Individual variation

Serial studies showed that variation can occur for an individual
-over a period of time (Table 3). Different individuals showed a 5 to
20% variation in WBC (but always in the norma!l range) as did the
absolute lymphocyte changes. The T cell-rosette test varied from
5-15% while the total B cells varied from 5-35%. Individual ‘

[ from 1-4%
-9-



'Tabie 1

Peripheral White Blood Cell Values for Non-ill Individuals

Parameter . n mean _ + 15.D.
WBC /™ 140 6,997 2,370
Seas =% 124 - 51 -1l
Lymphs ~ % 131 45 13
Lymphs - ) N
x 106 /ml " 131 3,12 1,13
. Total B cei'ls - )
~ o, ‘ 160 16 : 7
- % 10° /ul 137 4.94 - 2.97
IgGcells =% . 152 '8 -5
- x 10 /ml 130 2.47 1.86
1A cells - % "152 4 3
- x 102 /mi 130 . 1.25 '1.02
' 1gM cells ~ % 152 4 3
=X 107 /ml 130 1.28 1.02
" Rosette forming cells
-9, 95 56 11
- % 108 /mi 95 1.73 0.64
Non-reactive cells )
“ o/o ) 93 - 29 12 R
-x 108/l 93 0.95 0.54

- -10-
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Table 2

Reproducibility of duplicate samples

19G cells IoA cells " IgM cells

WBC- ‘ Lymphocytes ‘Lymphocytes Total B cells Rosette
Sample mm3 9, T 106/ml X% lOs/ml' X 105/ml X 105/ml X 105 ml &2:‘1;29
“ ‘ 'x 106 /ml
AA 5,7484_—_4'43 ' 4748 2.66+0.37 . 3.8440.13 . 2.'86-1-__0.43 0.39'1_'_0.16* .0.53+0.04* l1.65-l__—_0.34
BB 7,7654_—651 3048 2.3440.77 3.9440.70 + 2,974+0.58 1,03+0.09* 0.244+0.06* 1.224+0.46
CC ‘_ 8,553+487 4248 . 3.55+0.75 9.05+0.07 '3.994_:0.24 '2,30+0,17* '2.1340.07* . 2,50+0.51

*SD done with only 2 sahples, all others 4 samples.
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) Table 3 .
v Serdal variation of normals over a time perlod
Ea . ' .
Time of ’ . l Roselle forming
Study 3 Lymphocytes Lymphacytes ‘mml%cdh mscgh 1A Celis IaM Ceflsg cells
Sample Wks., WBC/mm % x 106/ml x 107 /nil x 105 i x 103 /mf x 102 /ml x 106/ml
s.C. 13 5,825+580 32+6 1.86+0.30 1.6240.88 0.85+0.53 0.284+0.26 O.42fp.53 1.07+0.28
DW.. 13, 5,971+1,342 3848 2.27+0.70 2.92+41.78  1.83+1.86 . 0.76+0,38 ' 0.8040,51 1.58+0.53
E.B. 7 5,885+1,299 45+17 2.6040.93 3.63+2.18 1.22+0.85 1.1840.65 o 1.854+0.93 1.7740.53
V.B. 4 5,647+986 4144 '2.351p.59 3.44+0.87 © 2.05+0,73 0.84+0.45 0.57+0.24 1.44+0.31
w.L. 4 4;547tﬂ46 40+9 1.81+0.39 1.59+0.43 0.58+0.21 0.20+0.20 0.7840,22 1.21+0,37
D.L. q 6,2774756 3043 1.88+0.22 3.57+1.34 1.53+0.86 0.9140.36 1.1640.61 1.1240.26
G.C. 4 4,923+631 3348 1.59+0.40 1.36+0.26  0.47+0.13 0.19+0.06 0.71:+0.32 1,09+0,37
E.G. 4 5,555+900 . 3543 1.90+0.21 3.6642.05 1.82+1.79 0,95+0.,52 0.90+0.22 ¢,91+0,48
W.A. 4 6,078+352 32413 1.90+0.66 1,7241.07  0.56+0,23 0.47+0.43 1.06+0.35 0.97+0.52
W.P. 4 6,417+543 3845 2.44+0.33 2.36+1.12  1.39+0.84 0.33+0.40 0.65+0.14 1.69+0.31
L. . 3 7,673+942 41+1 3.15+0.41 3.2741.52  1.82+0,70 0.3240.35 1.09+0.62 2.04+0,08
N.F. 3 5,243+796 43+6 %.26ip:§b 3.0040.30 1.98+0.21 0,4610.40 0.56+0,48 1.49+0.21

Page 12



Effects of storage of whole blood.

Storage studies showed that it was possible to hold blood samples
for up to 4é hes at 4°C without appreciably'a‘_ffecting the results.
Table 4 shows the findings, WBC decreased up to 27%, but lymphocyte
counts were within 10% of the value of the fresh samples. Morphological
studies showed individual variation in the degree of red cell crenation
and rupture of polymorphonuclear leukocytes, but rare lymphocyte damage.
Lymphocyte viability maintained 88-96% over the 48 hr period; however,.
in the separated lymphocyte éuspensions, the percentage of contamination
by polymorbhonuc!ear leukocytes increased as the storage time was
prolonged. The rosetting 'T lymphocytes or the surface bearing immuno-
‘globulin B lymphocytes temained constant during the 48 hr period. At
- 72 hrs all samples‘ values had begun t;) decrease. -

Lymphocytes that were stored were cuitured with PHA-P and PWM
at 0, 24, and 48 hrs (Tabhle 5). The tubes of whole blood were
held either at 4°C, 25°C or 37°C as shown in Table 5. Blood held
at 4°C showed increasing stimulation indexes for PHA-P and PWM

throuc_;;hout the 48 hr period. Blood held at 25° for 24 hr before

| processing also gave good stimulation. However, whole biood held

at 37°C yielded reduced indexes.

-13-
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Table 4.

. Effect of ‘storage of whole blood on |ymphocytes .

'Lyrﬁphocytes

Lymphocyte

Total B T Rosetted Lymphocyte .~ Lymphocyte
N a 6 Lymphocytes = Lymphocytes ! yield < burity* viability
WBC /mm ' x 10 x 102 T x 106 x 100 g %
. : i
Fresh 780043400 '2.0+0.3  3.6+1.8 1.1040.3 | 9.4+2.2} 98+2 .. 96+2
\ : ‘ * : ; | :I
24 he 570042000  '2.1+0.7  4.0+2.2 1.16+0.4 ° 7.843.5 1 . 9046 - .F "90+7
48 e 630042500 4.642.8 b 6.3+1.3 1 85+13. 88+5

.1.840.8

0 1.16+0.4

* Purity from other types of leukocytes.
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Table 5

Effect of storage on lymphocyte response to phytomitogens

Lset';2;28°f e, | PHA-P CPM/culture PWM CPM/culture
hrs oc " | Stimulated Unstimulated S.I. Stimulated Unstimulated S.l.
0 . 11,500 387 30 15,878 1992 16
24 4 9,680 19? 49 17,192 1,518 11
24 |25 | 2,938 143 21 17,420 280 62
24 |37 755 106 7 1,078 275 4
48 4 40,594 661 61 '38,152 254 150




In summary, the values derived from this study of normal people will
form the basis for comparison with known abnormals to be studied under

controlled conditions in subsequent investigations.
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" classified as non-reactive lymphocytes. All results were expressed

A. Lymphocytes (continued).

2. Peripheral Blood Lymphocytic Response to Influenzavirus Infection:

Twenty-two normal individuals were studied serially to determine

lymphocyte responses following inoculation with influenza vitus.

- Thirteen individuals showed no clinical symptoms or evidence of
._disease and were classified as not ill. Nine individuals exhibited
.symptoms of a flu-like iliness and were classified as ill. Previous

studies on 160 normal subjects served to establish normal -values.

White blood cell counts and differentials were done on whole blood,

' then putified lymphocytes wete obtained using the: Technicon Lymphocyte

Separator. The number of B cells was determined using fluorescein
conjugated antisera to total human immunoglobulins, IaG, IgA, and IgM.

The sheep rad blood cell rosette technique was used to determine the

number of T fymphocytes. Cells not reacting to either test were

-

as,.the number per ml of whole blood. - o .o -
The absolute {ymphocyte counts (Figure 1) on day -1 (day prior to

influenza inoculation) for the ill and not ill groups are not different

__from the normal values (shown previously in section I1II.A.1.). The

not-ill group did not change during the study period. Subjects
developing infection and illness, however, showed a significant

increase on D+1 compared to normals ({1’.75 X 106 vs 3.16 x 106/m|,

-17-
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P <0.0d5) followed by a significant decrease on D+3 to 2.37 x
106/ml (P <0.025). By day 21 lymphocyte values returned
to normal. .
Total B cell levels (Figure 2) were the same for the normals
‘ (égain Section III.A.1.), the ill, and the not ili groups on D-1.
~ The not ill group did not vary significantly from normal values at
any time. Howe\}ér, the ill group showed a highly significant
increase (P <0.005) over normal values (10.02 compated to
4,94 105) of D+l.. These values had returned i;o normal by
D;l-3 and remained normal at D+21. This increase was due to a
20% increase in IgG cells and a 30% increase in bc;th IgA and
IaM celis. Approximately 10“1570-01: the increase was presumably
aue tq t_he remaining immunoglobulins (IgD and IgE).
Rosette forr_ning lymphocytes (Figﬁre 3) from ill individuals
. significantly decreased (1.95 to 1.23 x 106, P <0.05)
-frbm their pre-inoc.ulation values on D+3. By D+21, their values
ﬁver_e increased as compared to D+3. ‘
Ti’ne non-reactive lymphocytes (Figure 4) of the nort-ill group
showed no change from normal values (Section III.A.1.) during
_ _the study. The group who got ill showed a highly significant
(P < 0.005) increase at D+1 as compared to normal values

(1.94 x 10° to 1.04 x 10%). This was followed by a significant

-19-
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d;crease (P <0.05) to befow normal on D+3 (0.68 x 106 to

‘ £04 X 106). The values at D+21 were significantly lower

(P <0.05) than the D-1 (0.86 to 1.21 x 10°) although compared

to normal values this difference was not significant. The initial

rise seen at D-i-l parallels that observed in the B cell population

and the decrease seen at D+3 is consistant with the hypo£hesis

tf;at the non-~reactive cells are undifferentiatéd B lymphocytes and

‘may have, in response to this viral disease, completed differentiation.
We can summarize these findings as follows: total lymphocytes

increase in the peripheral bl;)od one day r;lfter challenge with influenza-

virus, prior to clinical symptoms appearing. This in'c;‘ease was due

to the increase in the B lymphocytes and the non-reactive i:e!ls:‘

The total lymphocytes in the peripheral blood dectease three days

.following exposure to influenza virus, tl;le time that symptoms begin to

appear. This decrease is accounted‘for by a T cell and a non-reactive

lymphocyte decrease. )

© In bor{clusion, changes in the lymphocytic population occurred

prior to and concomitant with the appearance of clinical symptoms

during influenza respiratory iliness, suggesting that the study of

these cells may be useful in detecting early viral infection.

-23 -



. A. Lymphocytes (continued). - .-

3. Summary of Peripheral Blood Lymphocytic Response to
Rhinovirus Infection and Mycoplasma Infectiorls:

) é_ubjects infected with Rhinovirus:
‘ ‘ A prélihinaw study has been completed in which 5
vélunteers Were inoculated intranasally with Rhinovirus. Of
these _s‘ubjects 2 had no clinical iliness and 3 were a;febrilt;..
' All 5 had recoverable isclates. One subject who was in the
- ill group had an increase in white cell count and total !ymphocy.te
numbers on day 2 following challenge. Th?s lymphocyte increase
v;:as due to a T cell increase not a B ce;ll increase. The gthér
individuals showed no respon;se or change from baseline.. This
same individual showed a distribution change on day 1 of an —
- increase in IgM cells and a Hrop of 1gG cells. IlgA cells remained

relaitiuely stable.. ‘ U

Subjects infected with Mycoplasma pneumonia.

Twenty human volunteers were inoculated with either

1:50 or 1:500 dosage of Mycoplasma pneumonia PI 1428 by

-nasal drops and atomizer. The two dosages were identical in their

" effect upon the lymphocytic response. Two subjects dropped from

the study before completion. No consistent trend appeared in the
subgroup of B c-ells in contrast to the influenza study. An interesting
generalization was rioted, however, in comparing the numbers of

lymphocytes/ml and the number of B cells/ml with the illness data.
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) Tho-se subjects who hecame afebrile and/or ill (6 of the 20)

. had lower B cell and total lymphocyte counts than those subjects
who showed afebrile conditions or no illness patterns. However,
with this small of a sampling number, good statistical values

. showing significant changes were not available. In future siudies

this correlation will be further investigated.
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A. Lymphocytes (continued).

4. Peripheral Blood Lymphocyte Response and Paraproteinemia
- during Severe Combined Immune Deficiency Disease: A State
of Negative Functional Reactivity:

SUMMARY

A é{uaf-itative study was made of the plas-ma immunoglobulins
oi; a éﬁild with severe combined immunodeficiem:};. By immuno-
e-lecti-opi'lo.re-sig ar‘l imm.unoglobulin with an abnormal electrophoretic
mdbili't;r was detected. This protein possessed & heavy chain _
deéér:ra:liﬁants;, ‘gave no detectable reaction with antisera specific
for li‘ght chai;'ls, .was of a relatively smaﬂ molecular size, and was
prob;‘:lblg} r'mt composed of subunits held together by easily reduced
disuifi;ie bonds. The light chains that were present in thi-s‘ patient's
pl-a's:rna héd a i;omogeneous electrophoretic' mobility. The patiem;'s
plas“m'al‘ als:ca_ contained at least two other immunoglobulins wi;ose
ar-itii;ét:aic-: icientity c;culd not be established. O'ne of these was
abnormal m i-ts electrophoretic mobility. The presz;.nce of the abnormal
protein with & determinants in the plasma of the second unrelated ‘
chil_d ;zuith a similar disease suggests that the detection of this
protein may have implications for the diagnosis or classification of

immunodeficiency diseases.
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INTRODUCTION

A f;-équent finding in immune deficient states is a q;.lantitative
change in‘the concentration of the serum immunoglobulins. Along
with quantitative changes, the actual structure of the immunoglobulin
may be changed yielding a paraproi:ein. Several descriptions of
such ;.;r_oteins now exist (Radl et al., 1967; Schaller et al., 1966;
Becroft and Douglas, 1968; Stoop et al., 1962-)_. Péraproteinemias
‘have reportedly been assaciated wifzh such diseases as chronic lymphocytic
leukemia. in which. immune function is also impaired. Two such cases
described a © (y M) heavy chain disease in mihici] free heavy chains
de_yoid of lighr.. chains appeared in a patient's plasma (Forté -e_t__a_l_., 1970;
Zuqker—éfrankiin and Franklin, 19%1). In both of thesel studies the lévels
of I'QM pairaprbtein' were increased above normal IgM vafues'. In addition,
a case of combined immune defic}ency has' been reported in \;vhich t-he
pat_i_ent possessed small numbers of lymphocytes hearing surface determinants

specific for IaM heavy chain, but no Iigﬁt chains ﬁere detecte.d (De Koning

et al., 1969). _ T

" In the present study, the blasma iﬁmunogbﬁulins from a subject
wi_i:h ‘sevare combined immune deficiency were characterized quantitatively

‘and qualitatively. The quantitative levels of immunoglobulins were
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severely decreased in this subject, with IgM.being the only one
detectable at two years of age. IgA was never detected in the
subject, and 19G declined to O over the two year period. The
_IgM that was detected was a paraprotein reactive only with

1 antisera.

CASE STUDY:

A_ n:lale infant that was susﬁected of having a sevete combined
immun;a deficiency disease was delivered by Caesarean section and
maintained under gnotobiotic cond‘itions as déscribed previously by
South et al. (1971). Prior to delivery of this child the subject's
mother had lost a male infant at 6 months of age with severe combined
immunodeficiency. The diagnosis of the subject studied in the present

_ ;;aper was confitmed by quantitation of immunogiobulins, challenge of
his immune system in v_imﬁ with standard and experimental antigens and
skin grafting, and in vitro testing of his lymphoid cells for reactivity
ic?":i:ihytohemagg'lutin and pokeweed mitogen. X-ray studies provided no
evidence f;.w the presence of a thymus. Thle child had very lo'..v
lévels of circulating 1oG and 1M, and no IgA detectable by quanti-
tative pre;cipitation techniques, and a diminished number of lymphocytes.
During the course of a year and following multiple treatments. with
transfer factor, the patient developed two distinguishable types of lympho-
cytes, neither of which was totally normal structurally as seen by electron

microscopy (Criswell et al., 1974, accompanying manuscript),
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METHODS AND MATERIALS

Sample collection

Heparinized blood samples were drawn from the patient at
- intervals from age 9 to 22 months. Plasma was recovered by

centrifugation and stored at -700(;' until used. Plasma samples
~ were also obtained- from another_ immune deficient patient at 9 weeks

and 18 weeks of age. This subject was -a male who suffered from |
-a_t similar combined -immunode‘ficiency, was not gnotobiotic, and

died of infection at 7 1/2 months of age.

Quantitati'oﬁ of immunog!oﬁulins

To determiné the quantity of 1gA, 1gG, and igM present in
the plasma, samples were tested (1) by radial immunodiffusion agar
: pllatgs fromlBehring designed to detect quantities as low as 2 mg%
and (2) by an electroimmunodiffusion method described by Gill 9_?._.3!_.

(1971).

Irﬁm-un—oelectrophoresis and chromatograhhy

o Immunoelectrophoresis was performed by the micromethod of
Scﬁeidegge; (1955). Samples were subjected to gleétrOphoresis in
-' 1% agarose in barbital buffer (pH 8.2, ionic strength 0.,025) at

35 mA, 10 volts/cm for 45 minutes. Sample volumes used were



2 ul of normal plasma and & pl of the patient's plasma that had
been concentrated approximately 10 times at 4°C with Lyphogel
(Gelman Instrument Co.). Precipitin bands were developed for
24 hours with 0.1 ml of one of several commercial antisera to
human plasma proteins (Behringwerke). In addition, some expeti-~
ments used unpooled rabbit antisera prepared against the patient's
own plasma emulsified with an equal volume of Freund's complete-

adjuvant.

Gel filtration chromatography of normal piasma and the patient's
plasma was performed using Sephadex G-200 (Pharmacia) in phosphate-

buffered saline, pH 7.2, in a column with inner diameter 1.6 cm, and

length 89.2 cm.

Fluorescent immunoglobulin staining for B lymphocytes

Leukocytes were obtained as a buffy coat preparation from hepar-
_inized whole blood foliowing centrifugation at 600 g for 15 min. The
RBC'S‘ were removed by aggiutination with appropriate typing sera. No
fymphocytotoxic activity was present in these prete.ssted antisera. Following
agglutination the sample was divided into two parts. Part A was directly
stained ;Jvith fluorescein conjugated antihuman polyvalent antisera (Meloy

Labs) to determine the number of B lymphocytes present. After staining
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for 30 minutes at 4°C, the preparation was washed three times with
cold phosphate buffer saline (PBS) at pH 7;4. Slides- of the
prepara.tion were examined on a Leitz Ortholux photomicroscope
.equipped with an HBO 200 mercury bumer and a ploem illumination

syétem .

RESULTS

-

_ - Table‘ ‘1 gives the quantitative values of the subject's plasma
immunog{obulins from the age of 2-25 months. JIgA was never
demonstrated by either method employed.  1gM was present from
2 .months to 11 months at detectab'le, though very low Ieverls. At
17 months a slight increase was noted, yet IgM was still quanti-~
tatively very low. This level of IgM was maintained through 25
months. IgG concentrations were within normal ranges at birth and
gradually fell to 0 at 20 months of ége, indicating that probably
all the 1gG was .transplacentally transmitted and presumably .maternal
IaG,

Immunoeiectmghoresis of the patient's plasma with a polyvalent'
antiserum to human 19G, IoM, and 10A revealed at least four precipitin
bands (Fig. 1A & 1C). Two of these bands had electrophoretic

mobilities largely within the normal range for immunoglobulins, but

the two other bands showed an abnormally fast migration., When
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TABLE 1. Plasma immunoglobulin levels in mg percent

Age of Subject 14G ' IgA IaM

"2 months - 235 0 ~ 7.0
3 months | 174 0 5.6

" 4 months 130 0 5.0
6 months 82 0 8.8

7 months 53 0 5.0
8 months + 50 0 ‘3.6
11 months 17 .0 6.9
17‘months N.D. 0 13.7
- 18 months 7 0 15.9
20 months 0 0 14 .4
21 months 0 0 13.7
25 months 0 0 15.2

N.D.= Not Done
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monospemf:c antlsera to elther IgG, IgM, IgA, or K or A llght chams
were used, only one reaction could be detected: antiserum to IgM
precipitated one of the abnormally-migrating bands, indicating the

prol:em represented by this band possessed u heavy chain determmants.

No IgM-of normal electrophoretlc mobnllty was demonstrated in the
patient's plasma. All samples from this patient, including one
obtained prior to his treatment with transfer factor, coritained the
abnormal P determinant protein. A similar band was found when
samples of plasma from the second immunodeficient child were

' éxamined; '

Analyses were next done to determine if the abnormal 1
determinant protein might represent an artifact‘ of preparation. When
normal plasma was subjected -to the same concentration prooedure
with Lyphogel, no abnormal protein could be detected, indicating
~ that the paraprotein was not a procedural artifact. Furtherniore, one
‘,;olume of the pstient's plasma was added to 4 volumes ofq normal
plasma, and the mixture was incubated at 37°C for 45 minutes to
determine if the paraprotein could represent a degradation product.
lmmunoelectrophoretic analysis after incubation revealed no degradation
-‘of the normal plasma iinmunoglobulins indicating further that this
protein‘ was nct a degradation product of a species of normal immuno-
globulin caused by an enzyme in the patient's plasma.

The failure of the remaining proteins detected with‘polyvalent
antiserum to precipitate with the various monospecific antisera may

represent further abnormality of this child's immunoglobulins.
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Of the two proteins in the patient's plasma with a more
normal electrophoretic mobility, one was seen to produce a
precipitin.‘arc with a distorted shape. Since the polyvalent
antiserum used to precipitate these proteins also precipitated from
plasma a band in a simi‘lar position which was neither [9G, IgM,
nor IgA it is possible that one of these two bands represents a

7s IgM that Soloman (1969) has reported in normal sera.

Neither free K or A light chains could be detected by immuno-
eleétrophorésis aven when a-30—fold concentrr?ltion (6 1l sample
vblurﬁe) of the patient's plasma was examined. ‘A small bq\:ved
distortion near the antigen origin appeared in both the normal K or
A arcs (Fig. 2) when the patient's concentrated plasma wa; mixed
with normal plasma prior to immunoelec;trophoresis. Thus, the patient's

plasma does contain some molecules bearing K and X determinants

but having a very restricted electrophotetic mability.

_ __Table 2 surnr;iarizes the results found upon. examination of the
patient’s lymphoid cells for surface immunoglobulins containing light
chains. The cells possessed both heavy cha‘in and light chain
-determinants. As can be seen, approximately 60% of this subject's
lymphoid cells possessed surface immunoglobulins, that is, they are

B lymphocytes.
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TABLE 2. Immunoglobulin specificity of B lymphocytes

Fluorescent Antibody Percent Cells
Stain Specificity Staining
IgG &y specificity) S 22%
1gM @ specificity) 32%
IgA (o specificity) 7%

] total . 61%
IgG + ng + IgA {(polyvalent antiserum) T 60%

K and X type light chains A B 64%

A indirect fluorescent antibody technique
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.The patient's p.lasma proteins contained no antigenic determinants
. tha‘t were unique only to himself, as indicated by immunoelectrophoresis
of the subject's plasma with the rabbit antisera produced against the
patient's o-wn plasma., When these antisera were ‘absorbed with normal

plasma, no precipitation of the patient’s plasma was detected.

- To estimate the molecular size of .the subject's immunoglobulins,
whole -plasrna and a protein fraction precipitafed by‘ one-third saturation
-with ammonium sulfate were subjected to gal filtration chromatography
with Sephadex G-200. ‘Two elution peaks, having elution volumes identical
to the "45" and "19S" peaks of normal plasma, were obtained using the
-patient‘s r.ﬂasma; The "7S" peak was absent. The abniormal B deter~
minant-bearing protein was recovered from the ammonium sulfate precipitated
material in the “48“.peak, indicating that this protein is much smaller |
than normal IgM. No IgM activity was detected in the ny9gn péak.
Immunoelectrophoresis of the eluted fractions did not reveal any other-

immunogiobulins.

- -Normal serum was treated with 0.1 M 2-mercaptoethanc! prior to
immunoelectrophoresis and changes in the immunoelectrophoretic band
position of subunits of IgM were note:d. The arc representing IgM was
precipitated very close to the antibody trough because of the enhanced
diffusion of the smaller IgM subunits. Such treatment of the patient's
plasma produced no displacement of the arc with y épecificity , indicating
that this paraprotein is probably not formed of subunits aggregated in the

i .
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DISCUSSION

The -plasma of this child with severe combined immuno-
de;r'ic}ency contains at least one qualitative imrﬁundg[obulin abnor;nality.
Il:s smail ‘molecular size and lack of light chain reactw:ty suggest that
the molecuie wh:ch reacts with antlserum to IgM is a u heavy cham
or heavy cham fragment. An addrtzonal abnormality is suggested by
the fact that the patient's ||ght chams, which could be detected only

iridirectly., appe_ared to be very homogeneous in their electrophoretic
'dlobi[ity-. , |

'i'he presence of-'er; abhnormal circulating immuneglabuﬂn suggests.
a number of questions. The molecules of IgM of this patient may
‘reflect faulty protein synthes:s, or they may. undergo degradation durmg
secretlon fro:p the plasma cell. Through our determination, it was
‘ ‘i.n}p.;eesi-ble to determine whether the 'Iight chaine, _wh,ich we c¢an demonstrate'-
by fluorescent antfbody staining of the surfaces of the lymphocytes, are.

present in normal quantities and are normally bound to heavy chains.

. ‘_ The first child of t!jlis'study has been maintained in a germ-free:
environment since birth and has never been ill. The second child
was hot so protected, became infected, and died. Both had the

paraprotein, euggesting that the presence of this abnormality is not
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dependent on the clinical status of the patient and is not a product
either of bacterial degradation or of alteration of the immune system
due to infection. Both their immune systems at birth appeared very

rudimentary and undeveloped.

~ S'in.ce this disease may repr;asent a& unique stage of development,
one might question whether the release and the slight observed increase
of this IgM frﬁgment represents the very beginning of a phase of develop-
ment, in the immune system, or whether this child's immune system is
nonfunctional as a result of a severely inhibited cellular synthetic
“mechanism. The lymphocytes have both the lfight (L) chain 'and heavy (1)
chain determinants present; yet the plasma contains p chain fragments
énd eiectrophéretically abnormal L chains. Buxbaum and Scharff (1973)
!"lave described in detail the probably synthetic events that lead to IgM
production. The p chains have been shown to be synthesized on
ribosomes, released into the cy.topiasm free, and then conﬁected later
by disulfide bonds to L chains., Additionally, Schubert (1970) has
shown that in the course of a short-term pulse-iabeling experiment, a
polypeptide can be identified that precipitates with anti~H antiserum,
is small in size, and lacks catbohydrate. Buxbaum and Scharff (1973)
have shown that this smaller u fragment is the precursor of the larger

intact u chain. This smaller polypeptide might be the same as the
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abnormal 1 determinant protein found in the present study. The u
fragmeant might be leaking to the outside of the defective lymphoid

cells of this subject.

UIn addition, the fact that the paraprotein found in this child
is of ;1 . .;.pécifi;:ity is consistent with the possibility that his
' _immun; ‘s,ystem may represent a very early developmental stage oi:
_"the immune response of man. IgM appears to be the first immuno-
globu!ir} produced during ontogenesis of man (Adinoifi & Wood, 1969),

as well as other mammals (Chapman et al., 1974) and the chicken

(Ki'm;ad.e & Cooper, 1971).

A second unrelated child also was found to have the 4S n
paraprotein. Both subjects had the sex-linked form of severe combined
immune deficiency. The presencé of the paraprotein in this second
chfld_ suggests that the detection of this protein may be of diagnostic

value and might represent a serologic marker for this disease.
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FIG. 1. a. Immunoelectropho}eéis of concentrated.piasma from a
child with severe combined i.mmunodeﬂciency (upper and lower wells)
with antiserum to human IgG + IgM + IgA (trough). b. Control
gonsisting of 'normal'adult plasma (iower well) and antiserum to 19G +
IgM + IgA (trough), included in the same electrophoretic run as a.
¢. A diagrammatic representation of the reactions shown in la
(lower well) and b (upper well). Tile band marked "u" represents
the protein which is precipitai_:ed by antiserum to IgM.

FIG. 2. Immunoelectrophoresis of .normal aqult plasma (qppez; well)
and normal piasma:. plus plasma from the immunodeficient patient (lower
well) with antiserum to light chains (trough). Note the distortion of

the lower arc near the antigen origin.
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A. L!mphocytes (continued)
5. Microspectrophotometry of Peripheral Blood Lymphocytes:

- Present Goals:

The following study was con;:l‘ucted for these purposes: (1)
to determine what is a "normai® peripheral blood lymphocyte, in temms
of‘ detailed morphological featutes not discernable by the naked eye.
This was.accomp!ishéd by observing the internal DNA-RNA-protein
complex structure of individual lymphocytes by thé technique of
sc“anniné microscope photometry. Based upon' this information, "normal"
lymphocytes were induced into bla‘stoid transformation to "observe”
the immunological reaction, i.e., the dynamic morphblogicai changes
taking place inside each cell. At the same time, an estimate was
- made of the percent of lymphacytes which did undergo biastoid
" transformation as a result of pokeweed mitogen stimulation. This
data was correlated with conconlnitant DNA and RNA synthesis studies
and assumed protein synthesis to‘gai’n further insight into morphological
biochemical relationships. '
(2) "Normal " lymphocyte. optical image patterns were then compared
to lymphocyte patterns from two individuals known to have severe
. combined immunodeficiency disease (SCID). In one SCID case, a
distinct trend toward "normal® was cbserved after the administration

of transfer factor, although all other means of testing proved negative.

-45-



This. not only suggests the possibility that this technique may be
highly sensitive to minute morphological, and possibly biochemical,
'changes., but also shows promise as a;1 aid in monitoring the -
.difﬁcu‘lt treatment of these individuals. This was suggestéd by
the other_‘c.ase of SCID which presented a completely different
picture, ing:licatiﬁg that severe combined 'immu_nodefi;:iency disea}se
is not just one entity but possibly many shades of gray. A precise
éss_essment of the disease could very decidediy influence the course
and type of treatment tailored to the individual.

Complete& Study:

Introduction

:I'he immune system of maﬁ, composed of lymphoid organs, tissues
and lymphocytes-, is designed to protect an individual against disease
by either prod.ucing antibodies which neutralize or destroy fhe challenge
or by eliciting a direct celf-to-cell cytopathic effect upon the challenge.
According to Miller and QOsoba (1967) the capacity to effect an immune
reaction coincides with the appearance of lymphocytes circulating in the
peripheral blood.

-Since the eal;ly 1950's much knowledge of the immune system has
"been gained through a few key observations. The first recorded case of
agammaglobulinemia by Bruton (1952) gave researchers their first clue

to the correlation of immune system disorders and ¢linical iliness.
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fn 1953 Good conducted experiments to determine if the thymus
produéed antibodies but found no effect of thymectomy on adult or
';o'ung rabbits. In 1956, Glick reported that the remova-I of an
_ organ'called the bursa of Fabricius in young chickens markediy
affected aﬁtibody production. This was supported by stud‘ies by
_ éhang_-g al. (1957, 1958, 1959) which sho;:ved considerahle
" impairment in the capacity to produce antihody after surgical removal
of the bursa of Fabricius but inconsistent effects on antibody production
aifter'neonatai thymectomy (Good, 1962, Hess and Stone, 1963,
Basch, 1966 and Miller and Osoba, 1967).

] In 1955 Cooper described the presence of two distinct organs
in the chicken, the thymus and the bursa of Fabricius, and sugge‘sted
differences in function for these two organs. ° He and other investigators
showed that cell-mediated immune- responses, such as delayed hypersen-
~s_itiv\ity and transplant organ reject%on, were impaired after t’hymectomy
(éohd et al., 1962 and Martinez et al., 1962). Warner and Szenberg
(1964) showed that antibody-producing iymphocytes came from the bursa
of Fabricius and, consequently, that bursectomized chickens lacked
serum IgG (Carey and Warner, 1964), and if sublethally irradiated,
also lacked serum IgM (C;Joper et al., 1965). Cooper (1966a and b)

tater showed that a clear-cut separation of immunologic function did
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indeed exist in the chicken. The thymus appeared to be the site
of differentiation of small lymphocytes involved in cell-mediated
hypersensitivity reactions while the bursa was the site of antibody-
producing large fymphocytes. _

Miller and Osoba (1967) theorized that-t_he critical period
w.he_n. the thymus, and possibly the bursal equivalents, suggested
to be the appendex, Reyer's patches, and/or the bone marrow,
- iﬁfluenced i;nmunoiogical competence of lymphocytes occurred during
éagly life while the lymphoid tissues.were developing and immunologic
c;apacity was maturing. _

Assimilating this data, Good (1971) hypothesized that the immune
- system consisted o’r'-stem cells in the bone marrow migrating to cettain
primary otgans, the thymus and bursa or bursal eguivalent(s), to
prqduce tymphocytes, which then seeded to seéondéry organs and
tissues. This hypothesis was based on studies of the immune system
:b'y' hany investigators (Gesner and Gowans, 1962, Micklem et al.,
1966 and McGregor, 1968). The thymus has been shown by
* Miller and Osoba (1967) tg constantly produce {arge numbers of small,
immuqolbgically mature lymphocytes involved in cell-mediated responses;
-disturbances of the thymus have been known to be associated with

immunological defects. The first unequivocal evidence for an immuno-

logic function of the small lymphocyte came from studies on the



immunology of tissue transplantation (Rillingham et al., 1959);
It has been ‘stated that the functional immunologically-contpetent
comipénerit of the immune system is the lymphocyte (Craddock, et al "
1971a and b).
" “There are two main classifications of lymphocytés: T and 8
'iympﬁocytes. The T lyrr;phc-)cytes are those small cells which have
been "differentiated” by the thymus gland, he‘nce the term thymus-detived
or T cells. The B lym-phocytes aré larger cells released from the bone
marrow and seeded to lymphoid organs and tissues without thymic
dii’fefentia.tivon, hence; the term B celis.

°.T iymphocytes have been shown to ('iiffere'ntiate ‘eithér wi‘thin
the thymus. itself or outside the thymus gland possibly under the influence
of thymosin, a thymic hormonal factor, and other hormones according to
N Goldstein (1971). Owen and Raff (L970) have shown that this differen-
tiation and maturation process occurs in ‘tWO stages: thle first being
_a"quisition of a specific surface a[loaﬁtigen, theta, with the subsequent
a.b;-:e_arance of histocompatible antigen, HL-A or H-2. In the rat, thymic
cartical lymphocytes have been described as.dense,. corltisone-sensitive,
theta positive, HL-A or H-2 negative and immunologically incompetent,
virhegeas thymic medullary lymphocytes have been described as more
Euoyant, cortisone~resistant, theta negative, HL~A or H-2 positive and

i-mmunologically active (Raff and Cantor, 1971).
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" In the peripheral blood, a small percentage -of T lymphocytes
have a short life span ranging from hours to days while the majority
are small, recirculating cells of long life span of from months up to
10 years ('Everett, 1964 and Buckton an;:l Pike, 1964). T lympho-
c;yteé are believed to contain antigenic receptors on their cell
"surfaces. .R-ecent studies by Feldman et al. (1973) show that
monomeri;: aM, botﬁ light and heavy chains,-is present on
activated T lymphocytes. They suggest that the T lymphocytes
with monometric IgM serve two roles: (1) reception of antigen and
€2) transmission of immunoloﬁic information ai[ovx}ing T lymphocyte
‘cooperation with B lymphocytes. " ’ ,

The T lymphocytes are believed to confer‘cell-mediated immunity
‘as s-peci‘ﬁed by delayed hypersensitivity, homograft rejection and graft
versus host.reactions (Gowans, 1962 and Good, 1971). Immune
surveillance by T lymphocytes against neoplasms has also been
suggested.'(Milier and Osoba, 1967, Craddock, 1971 and Klein,
1973). These cells have also been shown to contain Ymemory"
"(Gowans ;, 1971). After-a T cell has produced i‘ts primary response
against a particular antigen, any subsequent exposure to the same. —
antigen would elicit a secondary response requiring iess time to |
produce a stronger teaction. These cells secrete soluble sui;stances

such as mitogenic, chemotactic and cytotoxic factors, in addition to
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migration inhibitory factor (MIF), transfer factor and interferon
ilz)avid, 1971). These factors are-collectively known as lympho-
_kiﬁeé. Dumond (1970) has analyzed some of these factors in man
é\pci found them not to be immunogiobulins.

’ B Iymphécytes in the peripheral blood are believed to be of
n't;dil‘:m;to-large size with a short life span (Cradéock, 1965). Many
invgst.igators believe that the cell which emerges from the bone matrow
is th;e functional B Ilymphocyte while others suggest that the B I&mphocyte
must mature after leaving the marrow, The maturation initiator is unknow
but a buréal hotmone has been postulated.

| Many B tymphocytes contain immunoglobulins on their cell mem-
branes, the presence of which is detectable by immunofiuorescent and

other staining techniques (Raff, 1970). Rabellino et al. (1970) found
| in mice that petween 50,000—150-,000 molecules of iinmunoélobulin
are ﬁresent on each positively staining B !ymﬁhocyte. " Some investigator
bélieve actively synthesizing B cells transform into plasma cells (Gowans
&.' !(n_ight, 1964). Other B lymphocytes synthesize and secrete large
’ a{niounts of immunoglobulin molecules into the blood. These immuno-
élol;ul'ins are of five classes: 1gG, A, M, D aﬁd E. Their role is
to attac:!; to specific antigens, hence they are termed serum antibodies.

~ The B lymphocytes are responsible for the humoral phase of immunit

Serum antibodies have been shown
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againsi infection. Serum antibodies of the IgG and IgM classes
have been shown to participate actively against viral and Gram-
neéétiﬁe bacterial antigenic challénges while antibodies of the IgA
clasé have been shown to line and actively participate against
iﬁi’el:tioﬁs aliong the mucous- membranes of the body. ' ‘
Stated very simply, the lymphocytes are the "résponders" of the

i:mmune system. Studies by Ada (1967) sh_ow that when an antigen
_ enters the body, it is carried via lymphatics to regional lymph hodeé
where it evokes a local reaction, the principal finding of which is
cellular inflammation (Waksman, 1960). Long-lived recirculating
l;rmphocytes in the cortical region of the lymph node then migrate
m;t and populate distal lymph nodes to promote a systemic reaction.
_ These cells ma;} be observed in the peripheral biood as they circulate

'gn‘distal tymph nodes and tissues (Burnet, 1970). Lymphocytic

. response results in two types of immunity: humoral and cell-mediated.
Upon antigénic stimulation, both the T aﬁd B iymphoc-ytes will respond,
but one.type may be favored over the other; or they may act in concert
to produce an optimum response, depending upon the antigen. There
is evidence that some antigens, such as heterologo;xs erythrocytes,
reqqire Band T iymphc-cyte interaction to produce optimum immune

response (Davies, 1967, and Miller, 1971).
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Schechter et él_. (1973) and Levy and Rosenberg (1973)
have shown that activation of lymphocytes by phytomitogens, termed
E;Iastog;anesis or blastoid transformation, causes changes in membrane
‘ ti'aris'porl':, enzyme levels, gene activation and non-specific protein
synthesis., In addition, blastogenic changes are accompanied by
. éﬁanges in cell size and DNA and RNA synthesis (Chessin et al.,
1966, Dougias et al., 1966 and 1969 and Bartels et al., 1969).
By} the use of scanning microscope photometry and radioisotope
incor;;oration studies, those blastogenic changes resuiting from lympho-
" cyte activation as reported by other investigators were confimed and
additionally clarified in greater detail on cell by cel[‘level.
METHODS AND MATERIALS

Specimen Analysis

Peripheral blood lymphocytes from\a normal adult and a nomal
baby 20 months of age, selected on the basis of good health and
no apparent illness, and two babies diagnosed as severe combined
immunc-:deficiency were analyzed in detail by the technique of scanning
microscope photometry (SMP).. -
- -Lymphocytes from three addit-ional subjects were analyzed by
scanning microscope photometry (SMP) for the establishment of a

"nommal™ blastogenic response curve following Pokeweeui mitogen (PWW)
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stimulation and analyzed for DNA and RNA synthesis rates using" a
s_tandardizéd radioisotope incorporation procedure.

Blood Collection

In orc_iér to perforr{; DNA and RNA synthes'is studies on lymphocyte
-cultures, whole blood was obtained by venipuncture and placed in
jSteriIe iOO X 16 mm Vacutz;linn;f t‘ubes contajning sc_Jdiurﬁ he-parin
(0.2 ml to 10.0 ml whole blood, 200 units) to prevent clotting.
_Generally, a yield of 1 x 10® |ymphocytes/m! of whole biood was
obtained. o

Plasma Immunoglobulins

_Plasma immunoglobulin levels were performed to determine the severity
of .tllze severe combifed immunodeficiéncy subjects. Plasma 1oG, IgA
and IgM levels were obtained for the nommal subjects using the procedures
-recommended by Melqy Laboratories. Plasma immunoglobulin levels from
.the immunodeficient babies .were determined by the method of Gill et al.
(1@71) with slight modifications inc!udiné running the IgG procedure
for 75 minutes instead of 60 minutes and performing the IgA test using
" the barbital system instead of the phosphate system as described by Gill._

Lymphocyte Separation

" Lymphocyte separation was accomplished by thé Technicon automatic

Iymphocyte separator method (Technicon, 1971) as previously described, J
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At this time a lymphocyte wet mount preparation was observed
‘under the microscope at 45X to determine the purity of separation
- and also to check for a;ny gross cell abnormalities. The purity
;llways ranged above 97% lymphocytes and no gross morphological
abnormalities were found.

-Lymphocytes to be used for culturing were washed 3 times in
stetile .MEM-Spin;ler modified without L-—glutamine (Gibco #138? in
_-steril_ized Fisher‘tubes and centrifuged at 2,500 ¢ for 2 minutes
m a Fisher Céntrifuge to obtain a peliet. Lymphocytesi with no
;:uli:ure requirement were transferred to Fisher tubes, washed 3 times
in cold phosphate buffered saline (PBS) and centtifuged at 2 500 q
for 2 minutes.

B Lymphocyte Determinations

The percentage of separated lymphocytes containing membrane-bound
immunogiob‘u[ins was det.ermined ’f:or possible- correlation with mitogenic
responsé Approximately 1 x 106 lymphocytes were stained with 3
drops of a 1:2 dilution of either ﬂuorescem-conjugated anti-human [gG,
antl-human IgA, ot anti~human IgM antisera (\Meloy Laboratories, prepared
in goéts, 10 mg/ml. fluorescein-isothiocyanate/protein (F/P) ratio =
2.2 ug)mg) at 4°C for 30-60 minutes. The cells were then washed

3 times with PBS to eliminate any non-specific stain and the supematant
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rerﬁoved. One drop of the cell suspension was placed on a microscope
_slidé, a cover slip-added and sealed with nail polish. The B cell
percentage was determined by counting the nu-mber of fluorescent

cells per 100 lymphocytes under visible and fluorescent light on a
Leitz Qrtﬁolux microscope equipped wfth an HBO 200 Mé-rcury burner
and a plaem illuminator with 2 S 360 (UG 1) UV exciting filter, -
a K 46_0 barrier filter, and a. S 525 interference filter (fluorescence
selection filter).

Culture Technique

. Lymphocyte cultures were set up by the methodfof Curtis et al.
(1970) as previously detailed in the Feb.-Aptil, 1974 Progress
_Rt=.~1::ort.Y !_ympho;:ytes were stimulated with 0,05 ml Pokeweed mitogen
(PWM) é:ontaining 250 Hg (Gibco #536) to give a final concentration
__of 82 ug PWM/ml tissue cui;cure media. The 16 x i25 mm sterile
culture tubes were incubated at 37°C in a humidified incubator con-
taining 5% (.‘,02 and 95% air.

Pokeweed mitogen was chosen as the non-specific mitogen for two
reasons: (1) it produces less clumping than phytohemagglutinin (PHA),
enabling better slide preparation for SMP scanning, and (2) although
not as potent a mitogen as PHA which induces 70% or more lymphocytes
to .undergo blastogenesis, PWM affects a wider spectrum of lymphocytes,

stimulating both mature T and B {ymphocytes.
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~ Tritiated Thymidine and Uridine Incorporation Measurements

DNA and RNA incorporation studies were performed by the methad
_ of Hersh {1971) to aid in interpretation of bias;cogenic changés as

defined by scanning microscope photometry. This procedure also was

- previously described in detail in the Feb.-Aptil, 1974 Progress

~

: Report.

Nucleic Acid/Protein Analyses

At 3, 5 and 7 days following the addition of'pokeweed mitogen,

cultured lymphocytes were harvested and washed 3 times in PBS. A
dro;; of the cell suspension was placed on a Quartz 'glas;s slide and -
all‘owed to air dr.y. The slide was then fixed in absolute ethanol for
i'5‘.iminutes, rins;ed with tap water, set up.right and again allowed tc;

air dry. .The stide was then cover-slipped, covered with a Quartz cover-
§lip‘ﬁsing immersion élycerin (refractive index 1.459, 2000, Carl
Zeéss) as the mounting medium and sealed with clear nail polish.

The slide preparation was. then ready for scanning microscope photometey
(S:MP) anaiyses.. The scanning microscope photometer (SMP) was
::on‘nected on-line to a Digital PDP-12 comhuter to obtain nucleic acid/
p.rotein measurements within individual fymphocytes. The system consisted
of tht;. following major components: (1) a Zeiss universal microscope
equipped with a high-speed mechanical stage and Ultrafluor objective

lenses for UV scanning, (2) a Xenon 150 W lamp with M4QIIl prism
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moqochromat;ar and light modulator for achievement of monoc_hromatic
light-at 280 nm, (3) an amplifier for analog ta digital conversion
housed In an electronic modufe with stabilizegl high. voltage and
adjustment control knohs for 0-100% T, (4) a Teletype for input

of program instructions and (5) a Digital high-speed reader for output
of data.

Figure 1 shows a simp.lified light beam schematic for the SMP
system. Using the 100x Ultrafluar objective lens and 12.5 Kpl
eyepiece, individl_lal lymphocytes were positioned for scanning. The
light beam was then centered and adjusted under visible !'igh't at
ap.proximately 540 nm. 'The beam was condensed to 2 U and
directed through the condenser under the high-speed mechanical stage.
With the méasuring spot set at 0.5 ¢ and the field stop aperature
closed, the monochromator was turned tt; 280 nm, the light beam
directed by the single beam splitter to the protomuléiplier and the
percent transmission siopes adjusted to 0% and 100% T. Scanning
was initiated by giving commands via the Teletype to the Apamos II
- command program magnetic tape (Carl Zeiss).

When the command was given to initia;te scanning, pulses of light
were emitted and the absorbed [ight was directed to the beam splitter
for PMT signal measurement. Pulsing stopped to aliow the high-speed

mechanical stage to move 0.5 u. Absorbance measurements wete taken
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FIGURE 1. Simplified Light Beam Schematic for SMP System.
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at 0.5 u intervals across a cell until the specified area to be
‘scanned was covered.” The time requited to scan a céli was
‘approximately 3 minutes. '
| ‘After' an entire cell was scanned, the (_‘J-IOO% T slopes v'uere
:éhec‘;ked for drift and, ‘if nealigible, the abéorbanc_:g_ data was kept
‘and stnrec‘! on a magn'etic tape by the computer. Individual cells
were given a code name, any debris surrounding the cell rgmoved
aind the data filed on a blank tape. In this manner, approximately
55 célls per slide were scaﬁned (Zeiss and Apamos 1l operator
instruction |;1anuals). An APCVRT program tape writte'n‘in-house was
: déed to convert data from the Apamos II tape into a form acceptable
-to TICAS program tapes {Wied and Bahr, 1970). TICAS programs
were then used o view, clean, reduce data to meaningf;ﬂ parameters
a'md print out both‘ raw and reduced data on a Digital high speed reader.
Figure 2 shows an example of a raw printout for a normal lympho-
cyi:e. Ea;;h circle représents a partial optical density value, i.n
absorbance units, at 0.5 u. intervals across a cell.
= . The total number of these circles detem;ines the relative cell

area which is related to cell area. The greater the number of circles,

the larger the cell. The diameter of any cell (assuming it is round)

A

can be calculated using the formula A ='n'r2 ot d=2x .
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Table I compares relative éeil area to both cell area and cell diameter.

r = radius |

A = area (relative cell area)

= 3.1416

The summation of the.partial opticél density (absorbance) values
results in the total optical density value. This givés an indication
_of the nucleic acid/protein content. It is expressed on the re_educed
data print;)ut in absorbance u_nits termed the total extinction, as
4,989 4+ 003. The mean frequency, oa; mean (averaée).O.D., is
caicul;';lted by dividing the total extinction (absorban;:e) by the relative
cell 'larea (number of circles 0.5 ¥ in diameter).
~ Figure 3 shows an exampie of a computer reddced cell printout.
- The5 .parémetérs emplt)-yed for analysis of lymphocyte_s' included:
érea ‘(relati“ve eell area), total extinction, mean frequency, Sl.;m of
5 highest values frequency and sum of 5 highest values difference.
- Ta-b!e IT compares the computer language to common terminclogy
and describes each parameter eméloyed. Area (relative cell area) is -
related to cell area and cell diameter as previously stated. Total
density (extinction) of a cell is, according to _Sandritter (1970), the
staining intensity measured at an absorption maximum. Our measure=-

ment of unstained lymphocytes at 280 nm resulted in measurement of
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TABLE I

‘Relationship of Relative Cell Area
to Cell Diameter and Area

Relative Cell Diameter {y) Cell Area (y2)
Area (Circles) d=2 xr_g!_‘ Circles
: o
o | 6 285
| 154: 7 ' " 48.5
f 202 e 56;5
- 315 10“ . 78.8
. 454 12 13.5
616 _ iq 154.0
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NAME SCUN 0056

AREA (RELATIVE CELL ARES 196
TOTAL DENSITY (ABSORBANCE) +4.9890008 + 003
MEAN DENSITY (MEAN CELL DENSITY 26

MEDIAN FREQUENCY 27
MEAN DIFFERENCE - 5.

MEDIAN DIFFERENCE - 5

SUM OF 5 HIGHEST VALUES FREQUENCY 233
SUM OF 10 HIGHEST VALUES FREQUENCY 431
- SUM OF 5 HIGHEST VALUES DIFFERENCES 73
SUM OF 10 HIGHEST VALUES DIFFERENCES 136

FIGURE 3. Example of a Computer Reduced Printout



TABLE II

Interpretation of Computer Terms

Computer Common .
Language Terminology Description
Area Relative cell area ) Re]éted to cell area and

Total Extinction

Mean Frequency

Sum of 5 Highest
-Values Frequency

Sum of 5 Highest
Values Difference

Total density (in
absorbance units)

Mean optical density
or mean cell density

5 highest values

5 highest values dif-
ference

cell diameter

Sum of all the partial op-
tical densities {NA/P con-

-tent) .

- Average optical density or

average cell density

Sum of the 5 highest par-
tial 0.D.'s {related to
NA/P composition)

Sum of 5 greatest differ-

ences between partial 0.D.
values (indicates NA/P
heterogeneity or distribu-
tion

NA/P = Nucleic acid/protein,
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both '{lucleic acid and protein since these components could not
be separated due to the nature of the material. Similar studies
by-Wied et al. (1968) showed ihat no additional information was
gained by scanning at 260 nm, the differences being quantitative
vather than qualitative. |

'Figure. 4 aids in the expianation‘ of the Sum of i;he 5 Highest
Values Frequency and Sum of 5 Highest Values Difference parameters.
Sum of the 5 Highest Vaiueé Frequence {Figure 4a5 refers to the
sum of the 5 highest partial optical density values for any given cell.
This value provides an indication of the more dense areas of nucleic
acid/brotein {NA/P) composition of the cell and has been found to
correlate closely with the mean frequency (mean opti'cal density). A
loss of correlation hypothetically'could occur in cells with localized
areas of high nucleic acid/protein concentration which miéht be expected
tot_oéc‘ur in rapidly sjr!thesizing cells. For examplé, a cell of f;':lirly
uniform optical density could exhibit a sum of the 5 highest values of
210; ora c-e.l.l could exhibit an area of concentrated nucleic acid/
protein but also give a sum of 5 highest values of 210. The Sum
of the 5 Highest Values Differences {Figure 4b) compuées the sum of’
the 5 greatest differences between neighboring pattial optical density

values, giving an indication of nucleic acid/protein heterogeneity or
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FIGURE 4
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distribution. A homogeneous cell would give a small number for

the sum of the' 5 highest values difference between neighboring partie_ll
optical density values in contrast to a very heterog‘eneous cell whicﬁ
-c‘ouid display greai: variation from one partial optical density value
‘to the next and provide a larger number for the sum of the 5 highest
“values difference.

In this manner much information was gained from i‘ndividual
lymphocytes within the population of fymphocytes. Simple statistical
anaiyses were performed from the reduced data printouts and graphs of
re-lative cell area versus total extinction (total optical density) were
plotted. |

Statistical Analyses

Student's t test as defined by- Croxton {i953) was applied to
scanﬁing microscope ﬁhotometry data to detemine the significance of
diffgrences observed between (1) the responding and non-responding
lymphacyte subpopulations followfng PWM stimulation'and (2} the
_norhél and the immunodeficignt individuals. T numbers which gave'

a p value of .05 or less were considered significant.

The coefficient of comrelation, two-variable linear formuia, also

_expl_ained by Croxton, was applied to determine the degree of correl.;ltion

hetween the mean frequency and the Sum of the 5 Highest Values

Frequency.
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RESULTS

Immunologic Data

Plasma Immunoglobulin Levels

As stated previously, plasma immﬁnoglobuiin levels were
determined for the IgG, IdA and IgM classes .to demonstrate the
- st‘r_ikiqng contrast hetween the normal aﬁd severe combined immuno-=
____defic_ient subjects.

Table III shows the immunoglobulin values and normal ranges
for the immunoglobulin classes analyzed.

Subject CC had normal values for the three plasma immuno~-
globulins, 1gG, IgA and IgM. BW had a slightly elevated plasma
laM while SC and PC had slightly decreased IgA levels.

'Subj'ect DV, one of the severe combined immunodeficiency
" children, displayed low levels for all three immunoglobulins tested.
"Additional anaiyses performed in. our laboratory showed that plasma
_Igvels of IgG on DV continued to decrease with time ﬁrhereas the .
plésma IaM !eve;ls showed a possible slight increase, although
gemai}ling very low (unpublished data). The olasma IgA levels ranged
from trace to undetectable. Analyses on DS also showed low fevels _
of plasma 19G, IgA and IgM.

B Lymphocytes.

The percentage and absolute numbers of B lymphocyte subclasses
were determined to aid in the assessment of immunologic response
induced by pokeweed mitogen.
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TABLE [il

Plasma Immunoglobulin Levels

L 19 6 IgA Ig M
Category Subject mg % mg % mg %
) _(770-]130)* (80-200)* (90-170)*
Norn}a'l . €C 1075 152 109
BW 935 136 200
SC . 1100 64 137
BB N ND. ND
PC 1005 61 174
SCID- DV ND ND ND
11716771 (Pre TF)
"DV 292 Trace 10
11722/77 {Pre TF) ]
‘ Dy 3 0 12
-6/29/73 (Post TF) - T
DS - ND ND ND
4/3/73 )
SCID = Severe Combined Immunodeficiency Disease
ND = Not Done '
TF = Transfer Factor

* Normal Range.
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Table IV shows the lymphocyte data and normal ranges determined
for our Iaboratory for the categories analyzed.

Subjeci CC gave a normal value for the per cent of tota_l B fymphocytes.
Subjects BW and PC gave a completely normal picture for B lymphocyte
percentages and abéolute numfaers. Subject SC showed vaIues. for
per cent and absolute numbers of B lymphocytes which were consistent
with the low absolute lymphocyte count. In our laboratory, normai B
lymphocyte per cent variation was found to be + 2%, This would put the
-values within normal range. _

" No data was available on B lymlphocytes for subjects BB or DS.

Data was available on DV ‘on 6/29/73; the-data' showed a high pér cent
-of B lymphocytes. Additional studies performed on DV in .our laboratory
showe;d a dectease i’n the .per cent o‘f B lymphocytes with a concomitant

- shift in.IgG-containin'g to IgM-containing cells with time (Crisweﬁ, personal

- communication)

Radioisotope Incorporation Rate Studies

Tritiated thymidine (3 H-TH) and tritiated uridine (3H-UR) incorpdration
rates for measurement of DNA and RNA, respectively, were pérformed on
the lymphocytes obtained from the normal individuals following pokeweed
mitogen (PWM) stimulation. Tabi.e V shows the counts per minute (CPM)

and stimulation indexes (SI) at 3,-5, and 7 days following PWM stimulation
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TABLE 1V

Lymphocyte Data

— e T L - e e -

Absolute Abso- . Abso- - ' Abs o« " .hbso-
Lymphocyte . %°B lute B %6 . ‘Tute6 %A Tute A 2 M Tute
Count > Lympho-  Lympho~  Lympho-  Lympho-  Lympho-  Lympho-  Lympho-  Lympho-
Category Subject 2.0-4.26 cytes - cytes cytes cytes . cytes ‘cytes cytes cytes
09 5P (9-23)%  (197-791 (3-13)* (61433 (1-7)* (23-227 (1-7)* (26230
x10%/mm= Jom3 ) Jrm3)* © Jmm3)* Jnum3 }#
e ey pres - s —— m———e " rr — o e A
By . 2,496 9 . 25 3 75 2. 50 5 125
sC 1,608 S A n3 .5 . 80 2 32 o 0. 0
:: 2,862 Nb - ND . - ND ¢ ND. - ND ND ND ND -
pc . 2,380 17 ' 405 I | 167 - . 3 n 7 167
T I D ND . . ND - ND . ND - ND ND
SCID 11P/15/rn ; L , | .
- (Pre TF) —— e L
‘ Dy  ND 57 ND- 18 . °ND 7 ND 32 ND
6/29/73 . , B
Post T LT ' s - ' -
(Po 11-)[;) . 5,814 ND ND - ND "ND " ND . -ND ND " ND
4/3/73 - - ~ - :
ND = Not Done

TF = Transfer Factor
SCID = Severe Combined .
Immunodeficiency Disease

* Normal Ranges.
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TABLE V

34-TH and 3H-UR Incorporation Values
for Normal Individuals - '

3H-TH 3 3-uR
. 34-TH 3T ) 34-UR H-UR s .
Sbdest D rectcm  control CPM  Jigan {vjg)  Test CPM  Control C ' JEEMIRTN

e 3 Day PWM 14,112 - 636 22 15,332 1,100. 14

5 Day PWM 43,373 1,193 36 16,258 1,193 14

7 Day PWM ND ND ND ND ND ND

BW . 3 Day PWM 34,407 2,379 15 15,077 2,123 6

5 Day PWM 55,487 7,994 7 12,273 1,780 8

7 Day PWM 41,574 6,965 6 -9,618 1,274 .8

. SC 3 Day PWM - 9,126 239 38 ND ND ND
5 Day PWM 33,898 2,120 16 ND ND ND

7 Day PHM 20,898 4,802 4 ND ND ND

B8 3 Day PUM 50,304 668 75 ND ND ND

5 Day PWM ND ND ND ND ND ND

7 Day PHM ND ND ND ND ND ND

PC 3 Day PWM 2,629 189 14 2,294 256 9

5 Day PUM 7,509 1,088 7 4,441 798 6

7 Day PWM 6,914 1,152 6 -. 2,369 675 4

3H-TH = Tritiated Thymidine
Tritiated Uridine
Counts Per Minute

S4-UR
CPM
T/C
ND

]

n

H

Test~Control
Not Done



for tritiated .thymidine and‘uridine incorporatio.n rates. Counts per minute
(CPM) values varied widely from individual to individual, but all samples
showed a 4X or greater stimulation index, whici-1 was the critérion for
positive stimulation, and which remained throughout the duration of the

7 day test period.

| Bgs_a;egi upon the CPM‘s,‘subje.cts SCand PC sh'owed DNA synthesis
;mcurring by day 3 with the peak DNA synthesis rate occurting at day 5
and decreasing by day 7 Subject CC showed the same pattern but was
foliowed onl:;z at days 3 and 5. In contrast, subject BW displ'ayed_ peak
DNA synthesis at day 3, rather than day 5, alsc with a continuous
decrease in the synthesis rate thrc—>ugh day 7: Lymphocy‘tes from BB
indicated good stimulation at day 3 and were n‘ot subsequer!tly followed,
due to the quantity of blood required from a baby, Subjects BW and PC
demonstrated peak RNA synthesis at day 3 whereas Squect CC's synthesis

rate remained stable from days 3-5.

Scanning Microscope Photometry Data

Normal Suhjects

Normal Pokeweed Mitogen (PWM) Stimulated Cultures

Individual lymphocytes from subjects CC, BW and SC were
érialyzed by scanning microscope photometry at 3, 5 and 7 days
following PWM stimulation for changes with respect to size and

nucleic acid/protein content and heterogeneity. Graphs were plotted
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of relative cell area versus total density (total 0.D. or extinction).

. ‘ 'Twc; types of blastogeﬁic cells we;'e _observed after 26 hours of \
PWM stimulation. Type 1 is thought to be derived from the T lympho~
cy‘te line while Type 1I is thought to be derived from the B lymphocyte
line (Barke} and Farnes, 1967, Chessin et al., 1967 and Douglas

et al., 1967 and 1969). |

'Figures 5-7 show pictures, graphic raw and reduced computer
printouts of representative lymphocytes from subject SC. Figure‘5 shows
“a i}ictun;. of a representative unstimulated lymphocyte; 5h depicts a
graphic representation of the raw printout for this cell ar_ld 5S¢ gives the
ﬁarious‘paramete‘fs of the reduced printout fdr this cgll. Similarly,

' Iéigure 6a-c shows a lymphocyte 5 days after PWM stimulation possibly
of the lymphobiast type while figure 7a-c shows one pc;ssibly of the

| i}lasmablast type characterized by prominent nucleoli and cytoplasmic
vacuoles. .

Figure 8a~d shows .graphs of relative cell area versus total density
{whiqh illustrate the changes in the lymphocyte population of a representative
subject, SC, at 0, 3, 5 and 7 days following PWM stimulation. Dotted
circles show ;:he comparison of the peripherai biood unstimulated Iymphocytes
- to-the PWM stimulated Iymphocyté populations. An appréciable' number

of cells fell outside the boundaries of the unstimulated samples with

respect to relative cell area and total density for all three normal



FIGURE 5a. Repres_entative Unstimulated Lymphocyte from Subject SC.

FIGURE 5b. Graphic Representation of Computer Raw Printout for This Cell
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- NAME

AREA 225

TOTAL EXTINCTION -+5.014000E+003

MEAN FREQUENCY 22

MEDIAN FREQUENCY 23

MEAN DIFFERENCE 4

MEDIAN DIFFERENCE 4

SUM OF 5 HIGHEST VALUES FREQUENCY 215
SUM OF 10 HIGHEST VALUES FREQUENCY 420
SUM OF 5 HIGHEST VALUES DIFFERENCE 82
'SUM OF 10 HIGHEST VALUES DIFFERENCE 138

FIGURE 5¢. Computer Reduced Printout for This Cell.
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FIGURE 6a. Possible Lymphoblast from Subject SC 5 Days after
PWM Stimulation.

FIGURE &b. Graphic Representation of Computer Raw Printout for
This Celt.

«78~-



Tt M g BTNy A :& Vs

Vi A, T S el
AR Y .M.Wﬁmmw..%m%# ¥
v y EXTV AL

R T
;.-.»u. g
ot e

v

I T \

P T F O 1
. i . FE Ly
T ey ol T 0t s
) 3 QAR PESg S MRS o ar
Ve b, T gt gy b S
.k o e, ™
L ", )
st vy

Y .
T e ﬂ.m.....{

o TR
y g e
,c....ur?. N '

LIS

U
T M . e
(N TR

SYMBOL 0 0, RANGE

SCESG00I

>

-1

H

+
S S L T L T N T




NAME

AREA 756

TOTAL EXTINCTION +3.165800E+004

- MEAN FREQUENCY 41 .

MEDIAN FREQUENCY 43

MEAN DIFFERENCE 5

MEDIAN DIFFERENCE 5 :

SUM OF 5 HIGHEST VALUES FREQUENCY 385
SUM OF 10 HIGHEST VALUES FREQUENCY 755
SUM OF 5 HIGHEST VALUES DIFFERENCE 1238
SUM OF 10 HIGHEST VALUES DIFFERENCE 236

- FIGURE 6¢. Computer Reduced Printout for This Celi



FIGURE 7a. Possible Plasmablast from Subject SC 5 days After
PWM Stimulation.

FIGURE 7b. Graphic Representation of Computer Raw Printout for
This Cell.
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NAME

"AREA 988

TOTAL EXTINCTION -+1.975900E+C04

MEAN FREQUENCY 19 -

MEDIAN FREQUENCY 20 .

MEAN DIFFERENCE 3

MEDIAN DIFFERENCE 4

SUM OF 5 HIGHEST VALUES FREQUENCY 226
SUM OF 10 HIGHEST VALUES FREQUENCY 437
SUM OF 5 HIGHEST VALUES DIFFERENCE 87
SUM OF 10 HIGHEST VALUES DIFFERENCE 153

‘FIG'URE 7c. Cpmputer Reduced Printout for This Cell
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subjects. These cells were classif%ed as "vesponding” while the
'rerﬁainder were termed "non-responding”. They varied from 8-42%
of éhé lymphocyte population among the threé individuals,

" . Tables VI, VII and VIII show the scanning microscope photometry
vaiiugs. ob.tained for the lymphocyte subpopulations ﬁ’o!n subjects CC,

) BW_'and SC,-respective!y. Student's t tests were apblied to the '
resp'onding and non~respondir;g subpopulation values to determine
differences significant at the 95% confidence level or greater.'
'(_Cro;{to_n, 1953). |

éubject CC, Table VI, showed maximal-response to PWM at day 5
in terms of relative cell area, total density and 5 highest values
difference parameters. The mean frequency and 5 hiéhest values-
continued to increase throughout day 7. This finding indicated that
some synthesis ;Nas still occurring, possibly due to repeated division
of an initially small population of cells responsive to PWM and/or
due to a population of celis not as rapidly activated by PWM (Weber,
1973). Subjéct CC also showed no significar;t difference in the 5
highest values difference parameter at day 7, suggesting a decline in
- fucleic acid/protein synthesis. The coefficient of correlation test
between the mean frequency and 5 highest values parameters showed

no loss of correlation during the 3-7 day test period.
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TABLE VI .

Subject CC SMP Response Curve Values

Day Per Diameter Reéaﬂve Total " Mean 5 Highest 5 sighest
- Cent (1) © s ity - Values Values
Area  (Extinction) Frequency Di fference
Unstimulated 51 =- 7.7 185 ¥ 32 55 * 9 30 ¥ 5 278 t 35 113 * 29
3 Day PWM . . L |
NR 49 89 8.4 219 T34, 49 T6,, 22F3,,. 210t 39, 86 * 12,
R 6 N 12.4 481 t217 92 % 63 18714 161 + 33 73%20 -
5 Day PuWM ‘
NR 36 74 8.7 . 238 X5, s51%es, 21%4. 80 3s 76 17,
R 13 27 14.4 652 1327 w61 t75 25ts 200 * 36 127t 14
7 Day PWM e . .
NR 35 66 7.8 Vit 55% 6, 29%te 266 %46, 106%28
R 18 34 13.5 573 1284 154 * 93 26 5 - 221 & 4 110 £ 47

NR = Non-responding
R = Responding
* p<,05
** p< 0}
n = number per category
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TABLE VI

Subject BW SMP Response Curve Values

Day pory . Dianater Relatlve  rota) Mean 5 Highest O [ighest
en i
n K Area (é)spi%f%n) Frequency Values Di fferance
Unstimulated 57 == 8.6 230 t 44 51 %8 22 13 200 * 36 85+ 16
3 Day PUM
NR 47 92 9.0 257 Y49, 47%ts, 18713 158 T 30 65 T 14
R . 4 .8 12.3 475 146 © 84 *30 17753 149 ¥ 39 63 T 13
5 Day PWM . .
NR 36 7 8.5 e2g T34, -47I7,. 203 ntos, 74 113,
R 15 29 1.2 550 *185 121 %49 21t2% 101t 45 106 * 38
7 Day PUM L
NR 38 75 8.8 282 T 54, 51t 2114 186 + 32 80t 21
R . 13 26 13.6 581 1147 123 143 21t 4 176 t 30 88 * 33

NR = Non-responding

R = Responding

* P< .05
*% p< .0]

n = numbher per category
A = loss of correlation
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TABLE VIII

SubjJect SC SMP Response Curve Values

Day Per  Diameter  RelEIVE  youy T g 5. Highest ~ ° hignest
n - Cent (u) Area pensity | Frequency  Values D1 Fferonce
Unstimulated 58 -- 9.0 256 T 43 56 17 22 '3 23213 76 14
3 Day PWM .
NR 41 72 9.0 257 ts0,, S51%e6,, 20%ts5, 187 %45 80 t 22
R 16 28 140 628 260 160 197 .25 ¢ . 207 * 59 104 44
5 Day PUM -
NR 33 60 9,2 263 *s0,, 565%8, 21%5, 19550 . . 69%23
R 22 40 . . 153 738 1223 197 *g7 25 tg " 221 %65 100 * 49
7 Day PuM ' .
NR . 30 58 9.5 281 + 49, 64t 10,, 19ts5, 162138, 64%11,,
R ° 21 42 14.4 - ta3 23t a4 207 %45 94 t 53

647 1162 150

NR = Non-responding

R = Responding

* P<.05
*x p< 07

n = number per category



~ Subject BW, Table VII, showed incteases in both relative cell area
a__nd_ total density values thtough day 7. The 5 highest values and

5 hi‘ghest vz;tlues difference parameters peaked at day 5 and decreased
b_y day_f 7; this suggested that although nucleic acid/protein synthesis
was _still occurring through day 7, peak synt-hesis was most active“ at
day 5. In addition, a loss of correlation was noted between the mean
-_‘frequency and 5 highest values parameters at day 5, indicating the
presence of areas (;f concentréted nucleic acid/protein, -suggestive of
rapic_liy synthesizing cells. Student’s t test confirmed a significant
d_ifference in the 5 highést values difference parameter between the
responding and non-responding subpopulations only at' day 5, lending
further support to the observation that peak response to PWM occurred
at day 5. These findings s.ugg'lested the preéence of concenirated areas
of nucleic acid/protein in a heterogeneous distribution. Mean freqiencies
never became significantly different during the 3-7 day period, implying
proportional changes in cell size and nucleic acid/protein content,
~ Subject SC, Table VIII, was similar to subject CC in that SC afso
showed peak response to PWM at day 5 with respect to relative cell area,
total. density and 5 highgst values. The mean frequency, however, re-
mained the same at days 3 and 5, indicating proportional changes in
cellwsize and nucleic acid/protein content, but dropped at day 7,

suggesting a tapering-off of nucleic acid/protein synthesis. [t was
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found that the mean frequency and 5 highest values difference

parameters were significantly different at days 3, 5 and 7. The
fact that the 5 highest values parameters were not significantly
different on these days suggested that, although a great amount of
synthesis was occurring, there were no localized areas of concentrated
ﬁucleic acid/protein. This was supported-by the coefficient .of cor-
relation test which showed no loss of correlation between the mean
frequency _and 5 highest values parameters,

" Table IX shows the mean SMP values for the three nnrrﬁal individuals
at 0, 3, 5 and 7 days. Among the responding cell populations, rela-
tive cell area, totai- density and 5 highest values difference parameters
were significantly increased by day‘3 and showed peak response at day 5.
This was supported by the 5 highest values and mean frequency para-
meters which aisc; peaked and were only significantly different at day 5,
tending further support to maximal response to PWM stimulation at day 5.

.By using scanning ﬁ]icroscopg photometry to observe changes in cell
size, nucleic acid/protein content, synthesis and heterogeneity, it can be
stated that blastogenesis due to PWM stimulation was quite apparent by
day 3 with peak blastogenic response occurring at day 5 and tapering off
by day 7. '

Normal Non-Stimulated Cultures

Figure 9 shows graphs with respect to relative cell area and total
density for the unstimulated peripheral blood and non~stimulated lympho~

cytes cultured and harvested at 3, 5 and 7 days.
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, Mean SMP Values Following PWM Stimulation

 TABLE IX

Day Per . Diameter ~ Rejatlve . Mean 5 Highest 5 Highest
n Cent N Ave. Density Values Values
rea. (Extinction) .Frequency Difference
Unstimulated 166 -~ 8.5 226 £ 40 54 8 25t 4 235 %34 91 * 20
3 Day PUM - . '
NR 137 -84 - 8.8 203 £ 44, A9 FT7 . 20%4 185 30 77+ 16,
R 26 16 . 13.5 672 1225 132479 -22%t6 188 % 50 91 + 35
5 Day PUM . . .
NR 105 68 . 8.8 a2 b3, s1%s8, 2ata, w2lss 0 7131,
R 50 32 14.5 659 t241 162 72 e4t6  27ts52. 109t 43
7 Day PWM
MR- 103 66 8.7 236 % 46, 53 % 8,, - 23%5 . 206 %38 84 + 21,
R 52 34 13.9 605 204 145 ¥63 20%t4  204% 39 98 t 44

NR = Non-responding

R = Responding

* P< .05

% P< 001

‘n = number per category
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: Comparison of the unstirﬁulated and the non-stimulated cultured
lymphocytes basically showed little change during the 7 day test
périod. |
Slight changes were noted in a slight decrease in total density'

Z:lt day 3, resulting in a slightly decreased mean frequency. At‘day
5 the celis. showed a slight decrease in relative cell area, possiblg.(
~due to equilibration in the tissue culture environment. At day 7 the
cell‘s appeared slightly smaller and more denée, possibly due to a
changé in the cell cycle phase. Therefore, to negaté any changes
in' [ymphocytes due to tissue culture environment, responding and
non~responding subpopulations within the PWM stimulated cultures
wer;e"comﬁafed to each other rather than to the peripheral blbod un~
stimulated or nonstimulated cultured lymphocytes.

samp!e Biasing

Lymphocytes were notmally selecte& at random but an experiment
was petformed to determine the effects of sample biasing. Lymphocytes
after 5 days PWM stimulation were scanned first in random fashion
and then by selecting only thos-e cells which were obviously undergoing
blastogenesis. Figure 10 shows two graphs comparing the 5 day
random" and "blastogenic" lymphocytes with respect to relative cell
area and total density (extinction), The randomly-selected population
displays many smaller lymphocytes. Table X shows :;he scanning

microscope photometty values for the Y"random™ and "blastogenic"
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TABLE . X
SMP Values for "Random" Versus

"Blastogenic" Lymphocytes

R i :
eég%ve C D']a(tm?ter ' Tot?1 Mean 5 Highest «  ° G‘a%izt
' - Density i Yalues .
n Area 4 " {Extinction) Frequency : Difference
Random 55° 453 + 276 12.0 © 09t gy 23t 6 206 * 58 81 + 38
ok *k x ke *
Blastogenic 33 765 + 232 15.6 . 213 ¥ g1 27 + 7 251 + 60

106 * a4

* p<,02

** P <,001
n = number per category



‘Iymphocytes. Obvious differences were- shown with respect to all
parameters at a confidence level of 98 per cent or greater. We
elected to use the random scan method in qrder to obtain quantitative,
" rather than just qualitative, reéuits.

Immunodeficient Subjects

Lymphocytes from two subjects with severe combined immunodeficiency
disease (SCID) were examined by scanning microscope photometry and
compared to five nonmals to obtain information which may p;'pve useful
-in better understanding the basic pathologic defects.

Graphs of relative cell area versus total density were plotted for the
tw;a immunodeficient subjects, DS and DV, and compared to the normal
‘baby, BB, in Figure 11. Figure 1la depicts the lrymphocyte pattern
for the normal b_aby; 11b shows the pattern for subject DS while 11c
and d show the lymphocyte patterns for subject DV before and after
treatment ;vith transfer factor. Lymphocytes from DS appeared denser
than normal while those from DV appeared less dense than normal before
. the administration of transfer factor and more dense after transfer factor,
approaching a more normal pattern.

‘- Table XI shows the SMP values of the five normal and the two
immunodeficient subjects. Student's t tests were used to compare
(1) the immunodeficient to the mean nomal values and (2) DVvalues

hefore and after the administration of transfer factor.
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TABLE XI

Comparison of Normal and Imnunodeficient SMP Values

Subject ~  Diameter i protal Mean . 5 ighest 5 Highest .
- ’ ensi Lo
f i " Area (Extinctign) Frequency Values Difference
cc 51 185 ¥ 32 55 T g 30,15 278 * 35 - 113 ¥ 29
BY 57 ' 220t3 - s1.ts | 273 200 ¥ 36 85t 16
SC 58 . 256 t 43 56 7 22 3 232 * 31 . 76 14
PC 57 " © 223 *.39 54 7 24 % 4 229 * 43 80 ¥ 17
BB 56 263 1 48 58 114 - 22 t 4 195 % 38 70.% 24
: 279 8.6 233 ¥ 40 565 %9 24 %.4 . 226 % 36 85 20
DS 48. 8.7 T 238k 48 . 8] d24x . 34 H10%* - 342 +102%% . 143 % 5EHx
+ + + ' + +
1106/ 49 9.0 252 * g7% 43 25 16 & Bww 163 F gaw 93 % 28
(Pre TF) LN 1 i tt ¥
oV 57 10.3 330 % 71%% - 67 £]4wx 20 % 5wk 189 & 52wk 8l # 31
6/29/73 \ . . o
(Post TF) -

Normals: CC, BW, SC, PC, BB
Immunodeficients: DS, DV

TF = Transfer Factor

* P< 05 to nomal mean

*% P< 001 to normal mean

T P< .05 pre TF to post TF
1T P< .00L1 pre TF to post TF



Subject DS demonstrated lymphocytes that were normal in size
but very high in nucleic acid/protein content and heterogeneous in
nucleic acid/protein distribution, as reflected by the total density
rm-d'the 5 highest values difference parameters. The cells were
dgnser thaq normal as suggested by the mean frequency and 5
highest ‘values parameters. Student's t test confirmed that total
. deﬁsity, mean freq;Jency, 5 P;ighest values and 5 highest values
. giifference parameters were significantly different from the normal '
population at tﬁe 99.9% confidence level. This sﬁgﬁes'ted very
active cells synthesizing some type(s) of pr'oduct(s), the biochemical
nature of which is/are undetermined.

Lymphocytes from subject DV were analyzed by scanning microscope
_ pﬁoto;ﬁetry nine months before and . after multiple injections
of trans;‘er‘ factour.. At approximateiir one month of age on :11/16/7 1,
DV appeared to have twc; types of lymphocytes. The majority of the
'-ce.ils (?6%5 were small lymphocytes with a vabL;olated,, "punched-out™
chromatin appearance while fewer in number (249%) were large lympho-
cytes with a more uniform-chromatin pattern that appeared "Bai!oony'.‘.
@\ierall, the data showed lymphocytes slightly farger and less dense
tha;l notmal, as reflected by the relative cell area, mean frequency and
5 highest values parameters. The 5 Piighest values difference parameter

was in agreement with the more heterogeneous chromatin appearance.
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On 6/29/73, nine months after the adminis.tration of transfer
factor, DV displayed a shift in lymphocyte populations. The majority
of the lymphocytes (79%) were larger with a higher nucleic acid/
protein content than normal, as reflected by the relative cell area‘
and total density v;tlues. _ Proportignaily, however, the mean frequency
was signfficar{tly fower than the value for the normal lymphocytes,
which was supported by the 5 highest values- parameter. The hetero-
geneity, ot distribution, of the nucleic acid/protein was not significantly
" different from the normal population, as réﬂected by the 5 highest
vilues difference parameter. . -
< Student's tests were applied to the pre- and post-~transfer factor
SMP values. They confimed that all parameters had changed signifi-
| cantly at or above the 95% confidence level with respect to relative
cell area, total density, mean frequency, 5 highest values -and 5 highest
values difference parameters. It appeared, therefore, i:hét after treatment
with transfer factor{ the {ymphocyte population shifted from many small,
sparse lymphocytes with a heterogeneous chromatin pattern to lympho-
cytes that i;eli into a mor;e normal.pattern displaying a more normal
chromatin appearance and an increase in nucleic acid/protein although
they had become even larger in size, resulting in a mean frequency
lower than normal. |

Clinical studies also indicated that a change had taken place within
the lymphocyte subpopulations. Lymphocytes from DV at 3-10 months

of age showed that 90% of the cells contained membrane-bound immuno-
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: g-lobulins. These cells did not respond to in vitro stimuli which
‘included phytohemagglutinin (PHA), PWM, keyhole limpet hemo-
cyanin (KLH), st;*eptokinase-streptodornase (SK-SD), purified
protein derivative (PPD), Candida and aliogenic cells. After the
~ administration of transfer factor obtained from a donor sensitive to
‘PPD 'SK~SD and M, subject DV gave positive skin tes{:s to
iKLH SK-SD and Candida, indicating that delayed hypersensmvnty
“had been transferred. This reaction, however, was transitory and
';disabpeared after 2-3 injections of transfer factor. 'Additiodal
i-njections of trandfer factor produced no change and the fymphocytes
si:‘ill. did not l.'espond‘ to in li_tﬁ stimuli. Four months after ‘i:.ransfer.
factor 90% o’f the lymphocytes still con-tained membrane-bound irdmuno-
globulms, twelve months after transfer factor, 60% of the lymphocytes
were posntwe for membrane-bound immunoglobulin (B cells) and 3-7%
were positive for the E rosette test (T cells). These findings indicated
that transfer factor possibly aided in the maturation of the T lymphocyte
-population and/or caused struct.ural changes in the B {ymphocyte pop-
ql;tio_d (Criswell et al,, 1974). Scadning microscope photometry
‘proved useful in providing a quantitative assessment of the degree

of_ structural change.
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DISCUSSION

Lymphocytes were obtalned from normal subjects, stimulated with
pokeweed mitogen (PWM) and analyzed by scanning microscope photometry
(SMP) to obtain detailed information concerning cellular structure not
discernable by the naked eye. This information was used to : (1)
construct a normal blastogenic response curve to aid in a better under-
standing of the basic events occurring during a norma!l immune respoese.
In a'ddition,‘the normal nonstimulated: ymphocytes were used as haseline

norr;lels and compared to lymphocytes from patients with immune deficiency
e“iseas.e. _ - | . |
B An individual shown to display a devuant blastogemc response curve
may-.he sa[d to evoke an abnormal immune response "which may possibly
result from a defect(s) at various leveis such as: (1) at' t};e level of
recogmtlon, possibly due to defective receptor sites on the lymphocyte
membrane, causing a lack of tesponse, (2) at the level of transcription,
causing a‘synchronous changes in cell size and nucleic acid/protein
sy}_nthesis or (3) at the level of translation, causing production of a
defective product(s) such as an enzyme or incomplete immunoglobulin.
Non-specnfxc mitogenic stimulation was shown by Greaves and
Janossy (1972) to mimic antigenic stlmulatmn in the elicitation of B
and T lymphocyte responses. Pokeweed mitogen was shown to induce

'bjastoid transformation, or blastogenesis, in PWM-responsive fymphocytes

by first attaching to binding sites focated on the carbohydrate moiety
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of the lymphocyte surface membrane (Greaves and Janossy, 1971
arid \.}an der Berg and Betel, 1974) and then activating the lymphocytes
b;r a process as‘yet unknown but postulated to involve the generation
o“fva triggering signal at the level of .the surface membrane. According
to Bartels and Wied (1969),

the gross changes in the total amounts of cytochemical -

constituents of lymphocytes undergoing transformation

can be expected to be accompanied by organizational

-changes which should express themselves in the data

structure of digitized optical images of such cells.

“Blas-to;_;enic transformation was ir}deed observed using scanning micro-
scope photométry. This technique obtained data which detected trends
indicative of an im1;1une response by providing inforn;nation reiati‘ng to chaﬁges
i:_1 cell size and nucl'ei.c acid/protein content and heterogeneity. GChanges
.were detected 'by day 3 i’ollowing PWPu"F stimulation, with peak blastogenic
response shown to or;cur at day 5 and decreased by day 7. _ ‘

“The SMP data pa;esented here was obtained by ta.tkin-g optical density
measurements of randomly-selected lymphacytes at 0.5 W intervals acro;s
a cell at é scanning wavelength of 280' nm and an.optical density threshold
a_bove 0.02. The data of Bartels and Wied (1969) was obtained on pre=~
seiected blastogenic lymphocytes by taking optical density measurements at
260 nm and 280 nm, with an optical density threshold of 6.03. Their
daté sﬂowed highly significant changes in Phytohemagglutinin-stimul ated
'(PHA) lymphocytes compared' to unstimulated lymphocytes. An experiment

was performed in our laboratory to determine the differences in results
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9btained by random versus blastoger-ﬁc cell selection (see _Section)
';Sarr'lple Biasing", p. 91). This data showed significant differences
in all nSMP parameters at the 98-99.9% confidence levels; Therefore,
‘-ti-le decision was made to obtain our data on random rather than pre'-‘
séléci;ed blc;ls-togénici lymphocytes in order to obtain a guantitative
;;nea;urement of the degree of blastogenesis occurring in vitro , repre;
sentative of an in vivo immune response (Greaves and Janossy, 1972‘).

1 Q_;_lr data showed the same trends following mitogenic stimulation as
did Bartels et al. (1969) in terms of increases in relative cell area
ar;d i:t)_tal density (extinction), but our peak values differed as to the
;i‘me :af-ter stimulati-on. These differences may be explaihed by the fact
tha-t they used PHA i‘nstead- of PWM. PHA is known to stim-ulate arimarily
T. lymphocytes fJanossy and Greaves, 1972), causing up to 80% to become
i_:ransformed whereas pokeweed métogen has been shown to stimulate both
B ‘and mature T lymphocytes (Greaves and Janossy, 1972) causing only
40--6;()% of the lymphocytes to undergo blastogeneéis (Douglas, 1972).
!n this study, it was shown th_ai: up to 42% of the lymphocytes did undergo
'bla-stogenesis due to PWM and that the percentage increased with respect
l_to tirﬁe in culture. It has bheen postulated that the increase in the number
qof lymphocytes responding to PWM with time may be due to a continual
-or -pn_-olonged period of cell recruitment, to repeated division of an initially

small population of PWM-responsive B lymphocytes, or that B lymphocytes
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are not activated by PWM as rapidly as T [ymphocytés (Wéber, 1973).
However, our data comparing th;a percentage of B lymphocytes in the
peripheral blood to the number of [ymphocytes responding to in vitro PWM
stimulation proved to be inconclusive. Reports by various investigators
(Barker and Farnes, 1967, Chessinet al., 1967 and Doug[as; et al., 1967
and 1969) stated that twd'types of blast Iymphocytés may he ogserved after
PWM stimulation‘. Type I, termed an immunoblast, is a large blast cell with
cytoplasmic_'vacuoles, identical to those seen in PHA-stimulated cultures,
while Type II, termed a plasmablast, is unique to PWM and generally possesses
multiple nucleoli and -an eccentric nucleus. Type II cells may not be found .
hefore 36 hours of stimulation and show a loose chromatin pattern by 72 hours.
. According to Douglas (1972), approximately-25% of the blast cells are‘
Type II. Two types of blast cells were observed by scanning microscope
photometry but were not defined as to their origin or frequency of occurrence.
This study showed that scanning microscope photometry was sensitive
enough to provide quantitative information about individual lymphocytes
within a population with tespect to changes in cell size and nucleic acid/
protein content and heterogeneity after mitogenic stim‘ulation. The fact
that significant trends were demonstrated by day 3 leads one to suspect
that elicitation of a nommal blastogenic response curve may be demonsti;ated
at an earlier time period. ‘
The data obtained by scanning microscope photometry was augmented

with measurement of DNA and RNA synthesis rates to ascertain, to a

-103-



‘greater extent, the effects of biéstogenésis upon biochemical and mor-

phological changes. As stated previously, maximal _b_Iastogenic response
to pokeweed mitogen was demonstrated at day 5 by scanning microscope
p_ho_t_om-etry. Radioisotope incorporatioﬁ d;:lté. shoyved peal; DNA synthesis
at-day 3 for oné of the three nomal individuals. This finding was con-

sistent with the studies of Douglas et eil‘ {1966) and Chessin et al.

(1966) which showed peak DNA synthesis from 66-72 hours preceded by
peak RNA synthems 24 hours earlier. The other two normal subjects
showed peak DNA synthesis at day 5. This finding was aiso reported by
.Don;glas et al. (1969). ‘Peak RNA synthesis was four;d by day 3, de-
creasing through -day 7. Th?s findiné supports those .of.Cheésin g_é al.
(1966) which showed peak RNA s.yﬁth'esis from 42-48 hoﬁrs. Studies
by Loeb et al. (1972), Rosenberg and Levy (1972), and Levy and
Rdsenberg (1973) demc;nstrated increases in protein synthesis shortly after
initoge_nic stimulation with continuation of protein synthesié through day 7.
Since the scanning microscope photometry data showed changes in cell
s_izg and nucleic acid/p‘rotein content and heterogeneity, the finding that
peak blast transformation occurred at day 5 suggested a. combination of
-RNA DNA and protein synthesis from 3-7 days with peak RNA synthes:s
possibly earlier than 3 days, decreasing through. 7 days, peak DNA syn-

thesis from 3-5 days and presumed maximal protein synthesis from 5-7 days.
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In addition, lymphocytes from two subjects. having éevere combined
immunodeficiency disease were also analyzed and compared to the normal
;i}'ldividua!'s, One of the immunodeficient subjects, DS, displayed Iympho-
cytes that were notmal in size but packed with nucleic acid/profein,
-:Ije-Si.llting in a higher- than normal mean fr.equency. .
~" The éther immunodeficient subject, DV, shovyéd a change- in the
structure and morphology of lymphocytes hefore and after treatment with
ﬂ‘énsfér factor. Lymphocytes at six weeks of age were of two types:

‘:;1651; were small cells with a "nunched-out™ chromatin netwbrk while some
were larger, sparse ';balloony" ce}ié.- Lymphocytes anai‘yzed by SMP nine
‘months after treatment with transfer factor gave a more nomal appearance

in terms of chromatin patter;l as measured by nucleic acid/protein P{eterogeneity.
The majority of the'cells were farger and contained more nucleic acid/protein
“than- normal, but in lesser piroportions, resulting in a lower than normal mean
freqizency. This subject was also followed by electron microscopy which
showed a mor;e normal appearing population of cells four months after transfer
factor treatment although 90% of the lymphocytes still contained membrane-~
bound immunoglobulins (B cells). Twelve months after transfer factor, 60%
‘of the lymphocytes were positive for membrane-bound immunoglobulins and
'3-7% were positive for the E rosette test (T cells). These findings indicated
that transfer factor possibly aided in the maturation of the T lymphocyte

population and/or caused structural changes in the B lymphocyte population
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(Criswell et al., 1974). This change in cell types has been detected
and foliowed by SMP over a two year period. The lymphocytes are
bécoming mote normal in appearance even though clinical studies continue
" to gikv'e- negative results. This subject will be followed over a period of
time to monitor trends in cell types and provide quantitative dat:a on nucleic
- a:;cid/profein content and he£erogeneity. |

The two suhjects diagnosed as having severe- conbined Immunodeficiency
cii-s-ease presentec-i two different morphologic pictu.res indistinguishable by
functional tests. One subject showed lymphocytes normal in size but
der-lsel‘y- filled with nucleic acid/protein in a veq}’heierogene‘ous distribu-
tion while the other subject showedNiymphocytes larger and le_ss dense than
normal. These findings suggested the existence of at Ieés_t two f&arms of
- immunodeficiency dis'easeg, the pathologic defects of which may be very-
different. It has been postulated that immur;odeficiency disease may be
duerto a buildup in nucleic acid/protein. This may oci:u-r due to a defect
in the enzyme adenosin deaminase (Pluss et al., personal communication)
or possibly to an imbalance in the DNA-histone fraction which causes
stimﬁlation of RNA synthesis (Mukherjee, 1970), The data has indicated
that scanning‘ microscope photometry may aid in the undérstanding c;f the
basic defects involved, in differentiating various forms of immunodeficiency

disease and in monitoring the treatment of immunodeficient individuals.
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SUMMARY
In addition to immunologic, r«‘;ldioisotope incorporation and electron
microscopic procedures, all reseérch tools, the technique of scanning
microécope photometry was shown to provide valuable information on
individuél lymphocytes, not discernable by the naked_ eye or available
by any other means, to aid in the assessment of normal and abnormal
l_ymph'ocyte motphology as well as assessment of -immune responsiveness

-to mitogenic stimulation.
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I11. Completed work on sectional phases (continued).

"B.

Virus Antigen Laboratory Findings:

Work on this project was petformed in the Viral Diagnostic Laboratory.
at Methodist Hospital. The laboratory receives specimens from patients
at Methodist Hospital, from the Harris County hospitals, Texas Children's

-Hospital, the M. D. Anderson Hospital, and from other institutions in

the area. In collaboration with colleagues in pediatrics,;. research is

ongoing in congenital’ cytomegalovirus infection. In addition to material
from service patients, volunteers infected with influenza, adenoviruses,
M. ‘pneumoniae, thinoviruses, and some other-agents are intermittently

avaifable to provide material for evaluation of diagnostic methods.

Five cell lines are normally used for service diagnosis of viral infections:
rhesus monkey kidney, human embryo kidney, rabbit kidney, human embryo
fibroblasts (WI 38) and Hep-2 or HeLa. Results with cell culture provide
the basis for comparison with other methods of diagtiosis. M. pneumoniae
may be isolated in cell cultures or on an artificial medium.

Detection of Antigen by Immunoffuorescence.

Viral Infections of the Eye. Conjunctivitis is the most common
disease of the eye. Its differential diagnosis includes bacterial infection,
topical drug reaction, hypersensitivity involving the eye, and frequently
adenovirus or herpesvirus infections. Since the management of these
diseases is different and untoward effects can result if the wrong treatment
is given, there is a need for early accurate diagnosis. - For example,
carticosteroids may be used in patients with adenoviral conjunctivitis, hut
this would be inappropriate for herpesvirus or bacterial infections of the eye.

Fourteen cases of acute conjunctivitis have been studied. In seven,
diagnoses of viral infection (5 adenovirus, 2 herpesvirus) were made
within a few hours by immunofiuorescent detection of viral antigen from
conjunctival exudate. The diagnoses were confirmed several days later
by isolation of the agent in tissue culture. In four cases, no virus was
identified by immunofluorescence antibody technique (IFAT) or in tissue
culture. In three cases, adenoviruses were isolated after 8-10 days
incubation in tissue culture.
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" Table 1

Dlagnosxs of Viral Comunctnvntls by Immunofiuorescent Antibody Technique
Data on Positive Cases

Results of viral
diagnostic tests-

Case Name of " Date onset Date - 7

Na. Patient Age,race, sex initial symptoms  obtained  IFAT Culture2
i AR 64 W M - 7-19-73 7-23-73 ADV ADV
2 DK 29 W M 8-4-73 8-7-73 ADV ADV
3 " MF 21 WF 8-27-73 8-30-73 HsV HSV
4 DS 28 W M 9-6-73 9-7-73  HSV HSV
-5 VR 3I9WF 8-30-73 9-11-73 ADV ADV
6 BS 22 WM 12-30-73 1-3-74  ADV *
7 Ad 29 WF. 1-3-74 1-4-74  ADV *

1. Immunoflucrescence testing requires only 2-3 hours.

-2. Results with culture of adenovirus required 10 days or longer. .
* Final diagnosis .pending. ;
A report of one of these cases to illustrate the value of early diagnosis by IFAT is
described ‘below:

Case No. 3 (MF): This 21-year old female was initially- examined on 8-30-73
with a 3-day history of pain, redness, and fine papillary eruption in the ‘
left medial canthal region with minimal conjunctival injection. She had noted
no ‘discrete vesicular lesions. Examination on 8-30-73 revealed best cor-
rected vision of 20/20 in both eyes. Therza was a tender left preauricular
node, minimal erythema and edema of the left medial canthal region, and
follicular formation of the left lower tarsal conjunctiva. The cornea was.
normal. The clinical impression was atypical herpes simplex conjunctivitis.

Comment: The preauricular lymphadenopathy, follicular conjunctival change;
and serous discharge in this patient resembled adenoviral conjunctivitis.
There was no history of or signs of skin changes diacnostic of herpes
simplex Infection. The IFAT established the diagnosis of herpes simplex
and prevented the incorrect use of topical corticosteroids as an anti-
inflammatory measure.
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_ Respiratory Viral Infections ,
Influenza. Last year details of the detection of influenza viral antigens in exudates
were described. In the volunteers used as the basis of the study, titers of virus

in exudates were so low that detection in nasal washes directly was of limited value.

With the prospect of the occutrence this year of new type A and B viruses, antiserum
to these agents was prepared and is available. With our increasing experience in
the collection of specimens rich In exfollated epithelial cells, we feel that rapid
diagnosis of these infections by IFAT of exudates will be possible.

Respiratory Syncytial Virus (RSV) . Using commercial antiserum,RSV antigen has

been identified in exudates from throat and trachea of six infants with bronchopneumonia.
These findings have been confirmed by tissue culture (Hep-2). In sixteen other sick
infants, both IFAT and cell culture for RSV were negative.

Respiratory Infections with M. pneumonias. The first experiments we made
for the detection of M. pneumoniae were very promising. Using a stock pool of the
* agent, we were able to show that even a small amount of mycoplasma could.be
" detected in three days in VERO cell culture:

Table 2

Immunofiuorescence of Mycoplasma' pnéumoniae
in Monkey Kidney Continuous Cell Culture (VERO)-

Inoculum

0.2 ml 5ay 1 Day 2 Day 3 Day 5. Day 7
10%-3 12+ 24 3+ 4+

'102‘3 14 1-2+ - 24-3+ 33-44+ 4+
101-3 0 + 1y 14+-24 3+

—

Note: Inoculum from a stock pool was added in amounts described in
column 1. One to four plus indicates the amount of specific
fluorescence.

but using wild specimens we haven't been able to get results until seven days.
Although this is carlier than detection by the regular method (2 weeks are usually
necessary), it is not rapid enough to qualify as rapid diagnosis. We are now
working on several factors that might improve the growth of the mycoplasma in
tissue culture, such. as type and concentration of serum in the medium, and
length of absorption of the specimens onto the cells.

. =116-



Viral Infections of the Central Nervous System
Herpesvirus . Fifteeh cerebrospinal fluid specimens from patients with acute central
nervous system disease were tested for herpesvirus antigen. Three of these were
positive for HSV fluorescence of sedimented CSF. Cell cultures of the spinal fluids
of these patients were negative (although the agent was isolated from lesions in the
brain or elsewhere in the body. One of these cases represented disseminated disease
from a penile lesion with Type II HSV. A summary of his case follows:

- D.T. 24 year old WM
Presented with 4-month history of painful vesicular penife lesions. One
week prior to admission also noted the onset of vesicles on the left side of
hig fgrehead. He also had 3 days of frontal headache, malaise and fever to
101",

On physical examination, he had scattered vesicles on glans penis and
forehead. He had no neck rigidity of Babinski sign. Cerebrospinal fluid
revealed 270 WBC, all mononuclears. Protein and sugar were normai. Al
cultures were negative for TB, bacteria, fungi, and viruses. Immunofiuores~
cence of white cells in CSF were positive for Herpes simplex virus. A
virus culture of vesicle fluid grew Herpes hominis virus type II.

" Headache and fever slowly regressed over 4 days. Photodynamic
" inactivation of the cutaneous herpetic lesions was carried out with proflavine.

Epstein-Barr (E.B.) virus antibody. Evidence now strongly supports the
concept that infectious mononucleosis is caused by primary infection with a vitus
antigenically related to E,B. virus. The relation of this syndrome to asymptomatic
carriage of the virus and to certain tumors (Burkitt's tumor especially has not been
clarified. Nevertheless, the epidemiology of infection with E. B. vitus is an
important research topic and in some cases the test may specifically diagnose
infectious mononucleosis. )

We obtained a culture of E.B.-3 cells. This line produces coat proteins of E.B.
virus in cell culture and was originally obtained from a specimen of Burkitt's tumor.
Dilutions of test sera applied to E.B.-3 cells dried on a microscope slide readily
fluoresced by the indirect method. Titers of 1:160 or greater are suggestive of
recent infection, and paired specimens showing a 4-fold or greater rise in titer of
antibody are diagnostic of infection with this virus. The significance of these tests
in various syndromes of illness will continue under investigation.
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Rubella. The rubella virus is difficult to isolate and requires at least
fourteen days of incubation before it can be detected in tissue cuiture. We
inoculated rubella in a continuous line of rabbit kidney cells (RK 13). After five
days, -specific immunofiuorescence was detected with the use of commercially avail-
-able tubella equine antiserum and fluorescent antihorse globulin., There is a sig-
nivicant amount of nonspecific fluorescence due to antibody to antigens of the cell
cultures. Studies are under way to improve the sensitivity and specificity of this test.

Radioimmunoassay.

(This work was done in this laboratory by Dr. J. A. Kasel and was not
supported by the NASA contract.) .

Influenza virus antigen was deposited on the walls of plastic dishes with
multiple small receptacles. ‘The deposited vitus was incubated with dilutions of known
positive and negative sera and ‘later treated with 131 tagged antihuman globulin.
Antigen could be easily detected in this system through a wide range of dilutions.

In the coming year we will attempt to use this methodology in detection of viral
antigens from several different infections.

Summary and Recommendations. for Future Research.

During the period of the contract, we have established procedures for immuno-
fluorescent identification of nine agents in exudates or cell cultures inoculated with
-exudates from patients: Influenza type A and B, parainfluenza I, 1I, and III,
respiratory syncytial virus, herpesviruses, adenoviruses, and M. pneumoniae. There
is, in general, high speciflmty and sensitivity of these tests. It is necessary,
however, to gain more experience and to attempt to improve the methods used with
some of the agents, especially rubella and M. pneumoniae. Further work is also
planned of IFAT thh cytomegaiov:rus.

Detailed comparisons of the IFAT with conventional tissue culture methods
should be made. We believe IFAT will make it possible to reduce the use of cell
culture and reduce the overall cost of virus diagnosis. It is believed this can be
done at the same time with improved speed of diagnosis and nearly equivalent
sensitivity. .

The use of radicimmune assay should be explored by making quantitative
comparisons of this mode of diagnosis with IFAT and cell culture.

It may be possible also, with the use of viral infections induced in volunteers,

to compare the gas chromatographic abnormalities detectable by Zlatkis in patients'
serum and urine with alterations specifically due to infection.
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The coronavirus, the most recently discovered respiratory viral infection,
is responsible for a considerable number of cases of respiratory illness, especially
in older children and young adults. The detection of this agent has been hindered
by its fastidious arowth requirements. In the coming year, special effort should
be made to isolate some of these viruses, and attempt should be made to improve

their methods of detection.
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ITI. Completed work on sectional phases (continued).

C. Macrophage Findings:
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Pulmonary Macrophages

A. General Observations:

We have continued to study pulmonary alveolar macrophages (PAMs)
obtained by pulmonary Tavage through an Olympus Fiberoptic
bronchoscope. A total of 45 nonsmokers and 24 cigarette smokers
have now been studied, and the yield of cells obtained by lavage
is very similar to that reported in the previous annual report

of this contract (Table I). We continue to note a higher yield
of cells from the smokers than from the nonsmokers. The percentage
of PAMs obtained from cigarette smokers was higher than from
nonsmokers, while a higher percentage of lymphocytes were obtained
from nonsmokers than from smokers. The percentage of small
mononuclear cells (resembling blood monocytes) was similar in both
groups. When the total number of cells obtained is calculated,
the total yield of lymphocytes was almost twice as high in smokers
and the small mononuclear cells were increased four-fold in the
lavage from smokers (Table "II).

In the course of these investigations, several of the volunteers

were lavaged on multiple occasions (3 to 7 times). A1l of these
Individuals were nonsmokers. As might be expected, there was
variability in the yield of cells recovered from the lavage (Table ILI).
The variation in the amount of lavage fluid recovered was reasonably
small (about 6.8%), but the variation in cell yield ranged from

23.5 to 50.4% (Table IV). . ) )

Since varied morphology is observed in macrophages obtained from
healthy volunteers {and in order to evaluate further the effects of
smoking on these cells), the PAMs from 12 nonsmokers and 11
"cigarette smokers were classified using the morphological criteria
described in the previous annual report.{Fig.1) Briefly restated, the
. morphological characteristics are as follows: Type 1 cells have
Tittle or no cytoplasmic inclusions, while Type 2 cells have small
but discrete inclusions, with no brownish discoloration of the
cytoplasm. Type 3 cells have small or moderate size incliusions,
but they also have a definite brown sheen throughout the cytoplasm
of the cell. Type 4 cells have cytoplasmic inclusions of varying
size as well as a dark brownish sheen. The percentage of the PAMs
belonging to each of these morphological types is presented in
Figure 2. While nonsmokers and smokers had each of these types of
cells represented in the Tavage, the Type 1 cells accounted for .
74% of the PAMs from nonsmokers while only 6% of PAMs from cigarette
smokers were Type 1 cells. There was also a marked difference in
the percentage of Type 4 cells. These cells with large amounts of
inclusion material made up 64% of the smokers PAMs,, but only 2% of
the nonsmokers PAMs. When these percentages are used tp calculate
the numbers of each type of c¢ell obtained from nonsmokers and from
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“ . TABLE I, Cells Obtained by Puimonaty Lévage

H

No. free pulmonary % Pulmonary

celis/cc lavage alveolar ' ‘% Small -
recovered* macrophage . % Lymphocytes __Mononuclear cells
Nonsmokers  15.0 + 9 x 10% 81.7+1.5 128 +1.4 4,0 + 0.4
(N = 45) -
Smokers . 65.5+56x10% 87.0+1.5 6.5 + 1.1 3.7%+0.5
(N = 24) : o .

TABLE IIX. CELLS RECOVERED BY 250 m1 BRONCHIAL LAVAGE*

fbtal R
Total free. Smail

Bronchial Cells PAM Lymphocytes Mononuclear

I»‘(ignsmglsu)ars 21.8 + 1.6 x 106 17.8+1.3 x 106 | 28.9 + 4.2 x 105 | 8.2 + 0,9 x 105

rmoke;:) 81.7 + 7.8 x 106 71.5 + 7,1 x 105 | 48.3 + 8.8 x 10% | 30.1 + 6.6 x 105
f
P value <,001 <.001 <.05 <001

* Mean recovery of 250 ml saline 1avage:' 160 + 5 m1 (both groups)

Students t test for non-pafred data (celis/cc lavage recovered:
t = 9.42733, P » <« Q01 e ¢ ! g ore
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TABLE III
* INDIVIDUAL VARIATIONS WITH REPEATED ENDOBRONCHIAL LAVAGE

Lavage . ‘ . _ L Total # Recovered

onsmokers  [Vol, Recovered |¥Return |# Cells/ml__ |Total # Cells [%PAM |%Lymph [%s-MN PV Lymiph S-MR
P. W. 181.4 mi 72.6 1.34 x 105 [2.55 x 107 84.1 [10.6 4.4 (2.2 x 107 .5 x 106 1.1 x 106
std. error [+ 9.2 ml +5 +2.8x10% [+5.7 x 106 |+ 1.1+ 1.2 [+ 1.0 {+5.0 x 109 46.4 x 10%:3.8 x 105
=7 '
IF. K. 165 m} 66 1.87 x 105 ]3.13 x 107 83.3 |14.0 2.7 (2.6 x 107 8.7 x 106 |7.9 x 105
;td. error |+ 12.7 ELEN 8.0 x10° {+ 3.5 x 106 [+ 7.8[+ 8.7 1+ 1.5 [+1.2x706 [+3.2 x 106 [+ 2.1 x 105

- 3 )
E. C. 145 m] 58 1.60 x 10 {2.60 x 107 79.8|16.2 |37 {Z.0x 1O/ {8.9x 105 [7°5 x 105
std. error |+ 10.3 4 4.1 4.7 x 104 |+ 9.5 x 106 [+ 2.6)+ 3.4 [+0.7 [+7.0x706+ 2.3x106 [+2.4 x 105
N =4
[K.F. 169.0 ml 63.6 . |1.70 x 106 [2.46 x 107 79.8 12,8  16.0 2.0 x 107 [3.0 x 105 [1.4 x 100
std. error |+ 16.6 + 6.6 +4.5x 10% [+ 4.5 x 106 [+5.4[+ 6.6 [+ 0.8 |[+4.0x106 + 1.6x106 [+ 2.5%105
N = 5 B
M. C. 145 mi 58.0 5.95 x 107 18.67 x 100 87.2 [9.0 32 7.8 x 106 (7.4 X105 2.7 x 105
std. error |+ 5.8 + 2.3 +2.0x 104 [+3.0x106 [+4.0+3.7 [+£1.2 [+2.7x108+ 4.3x105 + 1.5x10°

* N = Number of individual times a subject was Yavaged; with a minimum of two months .
separating successive lavages.



TABLE IV
INDIVIDUAL VARTATIONS WITH REPEATED ENDOBRONCHIAL LAVAGE

Lavage No. free pulmonary

VYoTume cellis/cc lavage Total free

Recovered recovered bronchial cells
D: {6.8+1.2% 22.9 + 5.7% 24.3 + 5.3%

Total Total Total small. -

PAM Tymphocytes mononuclear .
D: |23.5 + 6.2% 50.4 + 7.9% 38 +7.8%

Variation of values as percent of means obtained for
five nonsmokers lavaged on at least three separate

occasions. :
‘ D= [% (std. errorp ¢ meann)] x 100

5
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FIGURE 1

Morphologic Variation in PAMs
Lavaged from a Cigarette Smoker
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smokers ({taking into account the marked increase in the number of

cells recovered from the smokers) there is still a three-fold greater

number of Type 1 cells from nonsmokers than from smokers. The

number of cells in each of the other morphological categories was

T¥c21h1g?er in the material lavaged from smokers than from nonsmokers
able

Wheén histochemical staining for acid phosphatase was performed, there
was a marked increase in reactivity of the PAMs from cigarette smokers
-compared to the acid phosphatase reaction in PAMs from nonsmokers
(Figure 3). This is consistent with the early.observation that

acid hydrolase activity is regularly increased in PAMs from cigarette
smokers. When the percentages are used to calculate the numbers

of acid phosphatase reactive cells obtained from each group, the
increase in smokers cells is even more marked (Table VI). Although
not specificelly tested in these studies, it is 1ikely that other
acid hydrolase activities are elevated to a comparable degree in

PAMs from smokers.

Finally, when histochemical staining for 1ipid (using Sudan Black B}
was performed, the reaction product was much more intense in PAMs
from smokers than from nonsmokers (Figure 4).

The inclusion material in the PAMs of cigarette smokers is auto-
fluorescent when viewed under the fluorescent microscope (Figure 5).

In this property, as well as the histochemical staining characteristics,
.the inclusion material resembles 1ipofuscin.
1. Surface.and Membrane Characteristics of PAMs: Preliminary

observations have been made on the effects of cigarette smoking

on the surface morphology of PAMs from normal volunteers.. A .7 -+
cluster of macrophages from a nonsmoker is illustrated in Figure 6,
while the scanning electron .micrograph of characteristic PAMs from
cigarette smokers appears in Figure 7. The PAMs from smokers reguiarly
have smoother .surfaces with fewer membrane projections than comparable
cells from nonsmokers. These morphological differences may have
certain functional consequences. The number of receptor sites on

the membrane may be reduced in the smoother cells from cigarette
smokers. In particular, the number of receptor sites for complement
seem to be diminished in PAMs from cigarette smokers, as illustrated
in Figure 8. In evaluating receptor sites, the formation of red

blood cell rosettes was quantitated after preincubation with complement
and antigen. While a smaller percentage of cells from smokers have
receptor sites for the EAC complex, when the appropriate adJustments
are made, the number of rosette forming cells is similar in both
groups of normal subjects (Figure 8)
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TABLE V

DISTRIBUTION OF PULMONARY ALVEOLAR MACROPHAGES '
Quanfitat1on of Cell "Type" (Pigmentation and inc1usions)*‘

Type: 1 ' Type 2 Type 3 Type 4
NonSmokers 1317.2 + 52.7 x 10%  320.5 + 6.4 x 108 195.8 + 2.0 x 104 35,6 + 0.4 x.10%
Smokers 429 + 8.6 x 104 1001.0 + 30.0 x104 1501.5 + 30,0 x 10% 4576.0 + 228.8 x 104
Ratio

Nonsmoker:Smoker cells

3.1:1 1:3.1 V7.7 1:128.5

*Total numbers recovered by lavage with 250 m1 saline, with a mean recovery
volume of 160 + 5 ml,



FIGURE 3 Smokers
: ] [C] NonSmokers
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TABLE VI
QUANTITATION OF ACID PHOSPHATASE HISTOCHEMISTRY

Acid Phosphatase Reactivity of PAMs*

+1 +2 +3 +4
NonSmokers | 4.45:0.20x105 2.67:0.05x10°  2.85:0.57x10%  8.37:0.67x105
Smokers 7.15:0.001x10%  1.43:0.07x10%  5.01:0.10¢10%  6.44+0.19x107
Ratio ° S '
NonSmokers: Smokers 6.2:1 1.8 : 1 1: 1.7 1:7.6

* Total numbers recovered by endobronchial lavage with 250 ml Norma] Saline, with
a mean recovery volume of 155+5 ml
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FIGURE 5

Autofluorescent Granules in PAMs
From Cigarette Smokers
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Human Pulmonary Alveolar Macrophages from a Nonsmoker
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2. Bronchial Lymphocytes: In addition to the PAMs, the cell
type most intensively studied, bronchial lavage yields a considerable
number of lymphocytes. Since there is growing evidence that
interactions between Tymphocytes and macrophades within the lung
may be impartant in a variety of pathological conditions, we have
begun to study the bronchial lymphocytes and to try to characterize
some of the effects of cigarette smoking on these cells.

In recent years two major subgroups of lymphocytes have been identified;-
the lymphocytes responsible for cell mediated immunity which develop
under the influence of the thymus, and are called T cells and those
lymphocytes which are responsible for antibody production and are
influenced by the equivalent of the bursa, and are termed B cells.

We obtained peripheral blood and bronchial lavage specimens from
a.group of nonsmokers and cigarette smokers to determine the relative
distribution of both typesof lymphocytes in these two different
tissues in the same individual. The T cells were identified by their
ability to form rosettes when incubated with sheep erythrocytes.

B lymphocytes were identified by the formation of rosettes with sheep
erythrocytes coated with antibody and complement. Some studies were
also performed in which surface immunoglobulin was identified on
dymphocyte surfaces by fluorescent microscopy. Lymphacytes which

did not show any of these reactions were termed null 1ymphocytes.

The distribution of lymphocytes in the peripheral blood of the

smokers and nonsmokers was similar (Table VII). About half of the
Tymphocytes in the peripheral blcod of both subjects were T cells,
while B cells accounted for about 15% of the Tymphocyte population and
about 1/3 of the lymphocytes were null cells. The bronchial
1ymphocytes obtained from nonsmokers were significantly different in
their distribution than the peripheral blood lymphocytes from the same
individuals, demonstrating a reduction in both T cells and B cells
(with a corresponding increase in the null cell population. 1In
contrast, the bronchial lymphocytes from cigarette smokers had a higher
percentage of T cells (approaching that observed in the peripheral
blood). Since the number of lymphocytes obtained from cigarette
smokers is higher than the number obtained from nonsmokers, when the
percentages are used to calculate the total number of Tymphocytes
recovered from each group, the number of B cells and null cells from
smokers and nonsmokers are almost identical, while the increase in

T cells accounts almost entirely for the increased number of 1lymphocytes
recovered from cigarette smokers (Figure 9}.

An alternative method of classifying lymphocytes is based on the

surface morphology by scanning electron microscopy. The surface of

B Tymphocytes has numerous projections, while the surface of T lympho-
cytes is relatively smooth with fewer membrane projections. An

example of surface morphology of a sample of bronchial Tymphocytes

is presented in Figure 10. In a small number of studies of the surface ’
morphology of bronchial lymphocytes, the percentage of T-cells was
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increased in the lavage obtained from cigarette smokers (Table VIII).
The criteria for separating cells into either B cells or T cells

using scanning electron microscopy is much more subjective than the
previous method, and these problems may account for differences in

the absolute percentages obtained by this technique when compared with
other techniques for classifying lymphocytes. -

"While more work will be required before the significance of these
alterations in lymphocytes can be understood, it is probable that

the shifts in lymphocyte populations are a reflection of irritation
and inflammation which accompany smoking. o -

B. Functional Stﬁdies:

In addition to the previously described morpho1ogical and biochemical
studies, attempts have been made to evaluate the in vitro responsiveness
of PAMs - us1ng several different tachniques to measure function.

Since it is important to know the range of variation in normal
individuals, and to evaluate the possible effects of cigarette smoking
-on function, we have continued our comparisons between cells obtained
from nonsmokers and from cigarette smokers. Two maaor techniques
have been employed. Migration of PAMs, and resp0n51veness of these
cells to a chemotactic stimulus has been measured in a modification
of the Boyden micropore filter chamber (using methods described in the
previous annual report). The phagocytosis of the staphylococci by
PAMs. has been evaluated microscopically, using an autoradiographic
technique. .

1. Migration and chemotactic responsiveness: The migration of
PAMs was measured using a double membrane chamber, with incubations
of 18 hours at 37° . When incubated in a similar fashion and for
the same time period, over twice as many macrophages from c1garette
smokers as from nonsmokers migrated through the 14 micron pore size
nylon filter employed in the chambers {(Figure 11). When casein was
present as a chemotactic stimulus in the Tower compartment of the
chamber, -the increase in migration of smokers PAMs was more marked than
the increase in migration of PAMs from nonsmokers {Figure 12). These
observations tend to confirm the prior studies using other techniques
which indicated that PAMs from cigarette smokers are more active cells
with higher metabolic requ1rement5 and more active in vitro migration.
The .responsiveness to casein indicates that these cells can continue
to be influenced by the environment, and that they are capable of
directing their migration in response to external chemotactic stimuli.

2. Phagacytosis of staphylococci: One of the most widely
accepted reles for the PAM involves protection of the host by
ingestion of foreign material(including microorganisms) which enter
thé Tung through the respiratory tract. Since the morphology of
PAMs is markedly altered by cigarette smoking, it is important to
determine if smoking also influences the phagocytic abilities of
these cells.
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TABLE VII
LYMPHOCYTES IN NON-SMOKERS
AND CIGARETTE SMOKERS

Non-~Smokers 'Smokers-
Blood | Lung Blood | Lung
% % % %

T;%y?pﬁocytes 50.3 | 17.6 | 48.5 | 43.0
E

B-Lymphocytes . 15.3 3.5 15.2 5.3

(EAC) .

B-Lymphocytes 16.0 2.0 16.0 N.D.

(FA)

N-Lymphocytes 34.0 78.9 36.0 49.0
{null) :

TABLE'VI;I
PULMONARY ALVEOLAR LYMPHOCYTE CLASSIFICATION
"BY SCANNING ELECTRON MICROSCOPY

Percent Lymphocyte Population

B~cells T-cells
Nonsmoker C 4% . 49%

- Smokeyr 24% _ 767
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The technique chosen to evaluate phagocytosis of macrophages is

an adaptation of the procedure outlined in the annual report submitted
in August 1973. A flow sheet summarizing the steps in this preocedure-
is illustrated in Figure 13. Briefly described, bacteria in the

log phase of growth are added to a monolayer of macrophages which

have been preincubated and attached to glass in a tissue culture
chamber slide. Phagocytosis is allowed to progress for varying lengths
of time, then the extracellular bacteria are washed off the cells

and tritiated thymidine is added. Slides are incubated at 37° for
 an additional 20 minutes, after which free thymidine is removed by
washing six times. The plastic chamber is removed and the slides

. are processed for autoradiography and staining. Particle uptake

is quantitated microscopically, and the percentage of intracellular
bacteria which have incorporated thymidine is determined. A bacterial
control is run simultaneously using the initial log phase culture

to determine the uptake of thymidine by the extracellular bacteria.
The reduction in thymidine incorporation by bacteria that have been
ingested by the phagocytic cells is then calculated.

Studies were performed using PAMs obtained from nonsmokers and from

- cigarette smokers to determine the possible effects of cigarette
smoking on phagocytosis of staphylococci. These cells were incubated
in medium containing 10% autologous serum, heated serum, or in medium
containing no human serum. In all three incubation conditions, macro-
phages from cigarette smokers demonstrated Tess phagocytosis of
staphylococci than PAMs from nonsmokers (Figure 14). In addition to
having a lower percentage of cells which were phagocytic, the
individual PAMs from smokers tock up fewer bacteria per cell than

the PAMs from nonsmokers (Figure 15). Again, the results were similar
whether the system contained normal autologous serum, heated serum,

or no added serum. Over half of the phagocytic PAMs from cigarette
'smokers contained four or fewer bacteria, while the majority of

PAMs from cigarette smokers contained five or more bacterial particles.
Therefore, cigarette smoking js associated with a reduction in the
phagocytosis of staphylococci, which may be related to.the previously
demonstrated morphological changes (fewer surface projections, and
Targer number of cytoplasmic inclusions).

Since differences have been described in the phagocytic abilities -
of mononuclear celis in the peripheral blood (with monocytes from
females being consistently more active as phagocytes), we reviewed
our phagocytosis data to sge if the sex of the donor had any influence
on the results observed. There was no significant difference in
phagocytic abilities of PAMs obtained from male volunteers or from
female volunteers (Figure 16). Similarly, the number of bacteria

. ingested by each phagocytic cell was comparable whether the PAMs
were from a male or a female (Figure 17). In the system employed,
there is no demonstrable difference in phagocytic function of PAMs
from males and females.
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FIGURE 13
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Analyses of bacterial killing by the PAMs of smokers.and nonsmokers
are still underway. Preliminary observations show no consistent
difference in the labeling of intracellular bacteria by radicactive
thymidine when nonsmoker and smoker PAMs are compared. It is probable
that bacteria which are ingested by .PAMs of smokers are inactivated
as promptly as bacteria ingested by nonsmoker PAMs. In terms of
clinical significance, the increase in the number of PAMs in smokers
ma{icompensate for the reduction in phagocytic abilities of individual
cells.

3. Ultrastructural Studies of Phagocytosis: Macrophages
obtained from a cigarette smoker and from a nonsmoker were studied
using transmission electron microscopy to investigate possible
differences in the phagocytosis and digestion of bacteria. After
macrophages were collected and suspended in medium 199 supplemented
with 10% fresh autologous serum, a culture of Staphylococcus aureus
was added in a ratio of 10 bacteria to each phagocyte. The tubes
were rotated for 15 minutes and for 1 hour at 37°C. Cells were
fixed in buffered 3% glutaraldhyde for 18 hours at 4°C. Cells

.were post fixed in buffered Osmium for 1 hour then stained with
uranyl acetate, embedded in resin, and studied with the electron
microscope.

The electron microscopic studies tended to confirm the-previous,
observation made by 1ight microscopy. While a number of different
electron micrographs were obtained, only two representative ones

are included in this report to illustrate some of the differences
observed. The macrophage from the nonsmoker (Figure 18) has an
undulating surface membrane which readily encloses the staphylococcal -
particles. This micrograph shows relatively few of the amorphous
cytoplasmic inclusions which are characteristic of the macrophage
from the cigarette smoker (Figure 19). 1In spite of the presence

of large amounts of inclusion material, the smoker macrophage is

able to form phagocytic vacuoles. Those particles which are ingested
undergo deterioration in the same way that particies taken into
nonsmoker macrophages are digested. In general. there are fewer
organisms taken in by cells from smokers with abundant amounts of
cytoplasmic inclusions. More elaborate studjes would be required

to establish with certainty that the phagocytic vacuoles which are
formed are transformed into phagolysosomes in a normal fashion, but
- the degeneration of staphylococcal particles within the vacuoles

seem to progress similarly in cells from smokers and from nonsmokers.
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.4. Bronchial Immunoglobulins and Other Proteins: In addition
to the cellular changes which accompany exposure of the respiratory
tract to cigarette smoke, there are azlterations in the proteins
present in the Tower respiratory tract which may be the result of
. inflammation from smoking.

In- the studies to be described, bronchial lavages were performed

on 43 healthy subjects ranging in age from 19 to 46 years (median

25.2 years). Thirty of the subjects (17 males and 13 females)
were nonsmokers, while 13 subjects (8 males and 5 females) were
cigarette smokers who consumed 20 or more cigarettes daily, with
accumulative exposure of from 2 to 9 pack years. The cells obtained
by lavage were removed and used in some of the previously described
studies. The supernatant fluids were concentrated from 10 fold to

70 fold by a membrane filtration, then stored at -70°C until tested.
The concentrated supernatants were tested for immunoglobulins IgG,

TgA, IgM, IgD, and IgE using commercially supplied single radial
1mmuno?1ffus1on plates (Meloy). Preliminary experiments were performed
using '251 labeled IgG indicated that the immunogiobulin loss from

the concentration procedure ranged between 25 and 40% of the jmmuno-
globulin in the original sample. Since these Tosses might vary from
individual to individual, the values presented in this report were

not corrected for the protein losses which occurred during concentration.

The observations made on the material lavaged from 13 smokers and

30 nonsmokers is presented in Table IX. The amount of fluid recovered
during lavage was similar in the two groups. As emphasized previously,
the number of cells was markedly increased in the lavage recovered
from cigarette smokers. The total protein {as determined by the Lowery
. technique) was increased almost 2 fold in the supernatant fluids
recovered from smokers. The IgG was also twice as high in the Tavage
of cigarette smokers (while serum IgG values were no different between
the two groups). Finally, in contrast to the upper respiratory tract
where IgA predominates, there was less IgA than IgG in the bronchial
secretions. The amounts of IgA in both groups of subjects were
1dent1ca1 .

These observations indicated that c1garette smoking 1is assoc1ated with
an increase in the protein and in IgG in the Tower respiratory tract.
This could be the result of increased synthesis of proteins by the
Targer number of lymphocytes and macrophages present in the Tungs of
smokers, or these changes could result from increased transport of
serum prote1ns into the bronchial tree 1in response to inflammation
accompanying smoking.

‘In an attempt to determine whether increased exudation of plasma
proteins might be responsible for the increases observed in the
bronchial washings of cigarette smokers, compared to studies
performed on 4 of the serum proteins which are also detectable in
bronchial fluids (Table X). While the ievels of transferrin and
albumin were slightly higher in the fluids from smokers, these
differences were not statistically significant and did not settle
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TABLE IX
" Effects of Cigarette Smoking on Bronchial Proteins

- Nonsmokers {(N=30) Smokers (N=13} P valuet

Mean + SE Mean + SE
% Lavage return 57.6 + 2.7 58.6 * 3.75 N
Cells 16.5 + 2.0 x 106 78.9 + 9.9 x 106 <.001
Total Protein*  67.9 + 6.1 119.36 + 16.2 <.00T
Ig6 lavage* 6.02 + 0.5 12,6 +2.6 <.001
IgA lavage* 2.06 + .06 2.03 + .28 >.9
Ig6 serun (mg%) 1088.5 + 32.14  1076.9 + 65  >.8

"% Total mg recovered by Tavage
4+ As determined by T-test

TABLE X

LEVELS OF SELECTED SERUM PROTEINS
IN BRONCHIAL LAVAGE FLUIDS
Protein Concentration {(mg%)

Nonsmokers Smokers P value

- 1 antitrypsin 1.45+ 0,177 mg% 1.8 + 0.32 .9
(N=33) (N=6)

2 globulin 0.14 + 0.02 0.18 + 0.02 .9
, (N=33) (N=F)

Transferrin 2.4 + 0.25 3.3+ 0.65 .5
(N=33) (N=6)

Albumin 19.7 + 5.8 48.6 + 20.8 .1
(N=15) : (N=7)
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the question about the mechanism involved in increasing the
bronchial proteins of smokers.

This Ted to a more direct approach in quantitation which was
performed with 11 volunteers (5 smokers and 6 nonsmokers). Two
different preparations of 125I-IgG were employed, both of which
had comparable half 1ife in the serum {ranging from 15 to 18 days).
At intervals ranging from 1 to 14 days following injection of
the 1251-1¢G, bronchial lavage was performed and the radicactivity
in the lavage material was measured in a dual channel gamma
spectrometer. Total protein and immuncglobuiin determinations were
performed in the concentrated lavage samples. However, because of
~ Tlosses of protein which occurred upon concentration and the fact

that immunoglobulin could only be detected in the concentrated samples,
an accurate esitmate of the specific activity of the IgG and lavage
samples could not be made. The results of these comparative studies
are summarized in Tab}g XI. The first three subjects, all nonsmokers,
were given 20 uCi of 51-1¢G intravenously and lavaged 14 days
later.- Radiocactivity in the lavage samples was extremely low and
was barely detectable above background counts. The next three
subjects, all smokers, had an increased dose of 50 uCigiven. This
resulted in higher levels of serum radicactivity and increased
numbers of counts in the lavage supernatants. The remaining:subjects
(3 nonsmokers and 2 smokers) were given doses of 100 uCi of 12°1-IgG
intravenously, and lavages were performed after 24 hours. Serum
counts were considerably higher than in the previously tested groups
and higher levels of radioactivity were detected in the lavage
supernatants of both the nonsmokers and smokers. In spite of
comparable serum radioactivity levels, the smokers had a five fold
higher level of radioactivity in the lavage fluids. This suggested
that transport of serum IgG into the bronchial tree of smokers was
increased, and that this might be the mechanism by which cigarette
smoking leads to increased protein levels in the bronchial fluids.

5. Complement Activity in Lavage Fluids: Because of the broad
range of immunological reactions involving the complement system,
pulmonary lavage fluids from 5 nonsmokers and 5 smokers were
concentrated 100 fold and one of the compiement proteins (C3) was
measured (Table XIT). The total amount of C3 recovered from the
nonsmokers and smokers was comparable. The concentration of this
protein in the supernatant fluids from Tavage was quite Tow,
acheiving about 10% of normal serum levels even after the supernatants
were concentrated 100 fold. )
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TABLE XI

Levels of Radicactivity Detected in Bronchial
Lavage Fluids of Smokers and Nonsmokers After
Intravenous 125I-1gG Administration

ose of Counts per minute
251-19G given  Subjects Lavage serum  Ratio
20 uCi Nonsmokers 2.6 1078 L0025
(N=3) )
50 uCi Smokers 10.1 2690 .0037 .
' (N=3)
100 uCi Nonsmokers 7.7 36542  .0002
. : (N=3)
100 uCi Smokers 38 31531 .0012
(N=2)
TABLE XII

COMPLEMENT (C'3) LEVELS IN
PULMONARY LAVAGE FLUIDS

100x {conc) Total recovered

(mean) (mean )
Nonsmokers 12.2 mg% 192 ug
Smokers 11.9 mg% 190 ng

serum C'3 values = 120 mg%
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C.

Effects of Acute Respiratory Infection:

The preceding sections of this report have documented some of the
baseline observations made on materials obtained from normal

healthy volunteers who were either nonsmokers or cigarette smokers.
Since there are changes in both cells and bronchial proteins
associated with cigarette smoking, and since approximately 40% of
the adult population are cigarette smokers, it is crucial to
determine the changes which must be attributed to smoking before one

‘can interpret the possible changes associated with respiratory

infection.

In studying the effects of acute respiratory infection on the cells
and proteins obtained by bronchial lavage, it is necessary to initiate

‘studies with comparatively benign infecting agents (such as rhinoviruses)

and to be careful that the volunteer does not experience increased
morbidity because of the lavage procedure. For these reasons, we -
have cautiously initiated studies to investigate the effects of viral
respiratory infections on the materials obtained by pulmonary lavage.

A" total of 4 volunteers have been evaluated by serial bronchial
lavage in two separate studies involving experimentally induced
rhinovirus infection. The results of these 1nvest1gat1ons will be
summar1zed in this section.

1. Rhinovirus Study I: Two volunteers with low Tevels of
neutralizing antibody to rhinovirus Type 13 were hospitalized and
a baseline bronchial lavage was performed 5 days before intranasal
inoculation with Type 13 rhinovirus. 1Infection with rhinovirus was
produced in both volunteers, as evidenced by virus isolation and
by increases in serum neutralizing antibody (Table XIII). Only one
of the subjects became clinically {11, with the appearance of
tracheobronchitis, rhinitis, and sinusitis. The other subject,
although infected, did not have symptomatic illness.

" The results of the three pulmonary Tlavages, performed 5 days before

virus inoculation and 10 and 17 days after inoculation, are summarized
in-the following two tables. The volunteer who was infected and who
developed clinical i1lness had an exceptionally large number of cells
recovered in the control lavage 5 days before inoculation. Except for

an increase in the number of small monocytes (from 5.4 x 105 to 9.3 x 100),
there was no significant change in the cell populations obtained at

~their different sampling times. After illness, a Targer propertion

of the PAMs contained large amounts of cytoplasmic inclusions
(morphologic type 4 cells). HNo significant differences in acid
phosphatase staining were noted when the three samples were compared
(Table XIV). The studies performed on the other volunteer, M.W.

(who had infection but no illness) also showed 1ittle or no changes

in the cell population obtained or in the histochemical staining of
acid phosphatase when the three time intervals are compared (Table XV).
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TABLE XIIT:  RHINOVIRUS STUDY I (Type 13)

I11ness Chart

0 1 2 3 4 5 6 7 8 9110 §11 112§ 13 14 11511 16| 171 18} 191 20
: TR
J. D. TB1 TB2 | RT | Rl
St { S1 |TB2 | TBT | TBI
M. W, R1
TB-Tracheobronchitis, R-Rhinitis, S~Sinusitis

Virus Isolation from Nasal Secretions

Days post~challenge

Nasal Secretory IgA | Serum Neutra1iziﬁg Antibody*
Sy lj23)as| 7,8 pre- post~ pre- post -
J. D. O O {[+]|+ |C|+1[+]] O J, D.[ .205 1.57 4 128
M. W, Of[+3l + [+ |+ | +}[+]] O M. W | 196 0.60 2 &4

*16 TCID5g




TABLE XIV
RHINOVIRUS STUDY: EFFECTS ON PAM

J. D.: 20 year old with infection and c¢linical illness

Pre-Challenge Post-Chalilenge
5-~Days 10-Days 17-Days
% Lavage volume returned 60.0 42.0 48.0

Total No. cells recovered 1.80 x 108  1.33 x 108 5.85 x 107

-9 PAM ' 91 84 . 86
% L&mphocytes 5 8 5

% Small—monocyfes 3. 7. 1

PAM "Cell type":

+] 1 '3 0
+2. 1 9 3
+3 2 4 8.
+4 67 84 89

Acid Phosphatase:

+ 2 3 2
2 2 6 ',
+3 3 5 P
+4 93 86 88

~156-



M. W.: 20 year old with infection but no i1lness
Pre~Challenge Poét-Cha]Ténge
% Laﬁage volume refurned 60.0 ' iz 56.0
Total No. cells recovered 9.2 x 107 °  1.08 x 108 1.12 x 108
% PAM 88 93 7
% Lymphocytes 8 6 _14
% Small-monocytes -3 1- i
PAM "cell type":
+1 6 3 3
+2 15 8 14
+3 %0 13 14
+4 69 76 69
Acid Phosphatase:
1 1 0 5
+2 4 2 5
+3 9 8 11
+4 86 - 90 7¢

TABLE XV
RHINOVIRUS STUDY: EFFECTS ON PAM
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The in vitro phagocytic function of the macrophages obtained
from these twc volunteers was tested, using the previously
described autoradiographic method. The studies with PAMs from
the subjects who became i1l (Table XVI) and the volunteer who was
infected but not ciinically 11 (Table XVII) showed preservation
of phagocytosis of staphylococci, as well as maintenance of
staphylococcal inactivation as measured by the thymidine uptake
of intracellylar bacteria. If any effect of the viral infection
on phagocytic function of PAMs occurred, there may have been
improvement in phagocyte function (rather than impairment) when
the post infection cells are compared to the control cells.

The supernatant fluids obtained from the three lavages on each
subject were concentrated 10 fold and immunoglobulins and other
proteins were measurad as before (Table XVIII and XIX). Except

for the presence of higher levels of IgG, alphay antitrypsin,

alphas macro giobulin, transferrin, and albumin in the concentrated
“lavage fluids of the subjects who became 111 (Table XVIII) when
compared to the values in the lavage fluids of the subjects who

was infected but not i11 (Table XIX). The IgA levels in the
bronchial fluid rose after infection then returned toward normal

in the subjects without i11ness, while 1ittle or no elevation
occurred in the i1l subject. To attempt to relate these differences
in IgA responsiveness to the occurrence of illness would be entirely
speculative, but such a relationship could conceivably exist if
IgA is an important defense mechanism in the Tower respiratory
tract, as it seems to be in other body fluids.

2. Rhinovirus Study II: Volunteers with low Tevels of
neutralizing antibody to rhinovirus were inoculated intranasaily
with rhinovirus Type 13 and serial bronchial lavages were performed.
As in the previous study, only one of the two individuals became
clinically i11, although both volunteers became infected with the
.inoculated rhinovirus (Table XX). Both subjects has a rise in
neutralizing antibody to the infecting organism, and both had
increases in the amount of IgA obtained in nasal secretions. The
Tavage intervals were slightly different in this study than'in the
previous rhinovirus study, with the control lavage coming two days
"before inoculation and the post inoculation lavages occurring at
14 and 21 days after infection. One of the volunteers for this
study was a cigarette smoker, while the other was a nonsmoker. The
. cells obtained from the control bronchial lavage two days before
inoculation were within the range expected for the smoking status
of the individual volunteer (Table XXI). An increase in the number
of cells, particulariy PAMs and 1ymphocytes, occurred in the smoker
who became clinically infected. More modest elevations occurred
in the specimen obtained 14 days after inoculation from the
subject who became infected but not i11.
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TABLE XVI: RHINOVIRUS STUDY: EFFECTS ON PAM PHAGOCYTOSIS

J. D.: Cigaret{e Smoker with 5 pack-years Age: 20, Male
5 days pre-challenge " 10 days post-challenge- . 17" days post-challenge
= d w B E ® £ |'=® E = B = = £
c |5 2| E 2 5| % 2.0 E 2 Pl % 2| E &
2.4 £ & 2 & 2 & 2 8 2 &1l.2 & £ & 2 &
Phagocytosis : - ) .
time interval (Min) [ 15 30 |15 [30 15 {30 {15 (30 - |15 {30 {16 |30 |15 {30 {15 {30 {15 |30

% Phagocytic PAM . . .
80 90 {44 148 |76 |92 {|100 |100 |49 {60. |59 178 1199 [100 |87 198 (98 |95

% Phagocytic PAM
with <4 ingested
bacteria 15 13 (24 24 128 |11 6 0 35 (31 (23 |28 ||7 0 4 2 6 9

% Phagocytic PAM
with >5 ingested .
bacteria 65 77 (20 |24 {48 |81 |94 [100 [14 (29 |36 {50 |I82 |100 |93 |96 |92 86

% Ingested bactéria
labeled with .
3H-Thymidine 2.2 |21 |11.9117.3]20.3{9.5({53.2(23.81/24.9|1.4 [28.4{15.5/130.3144.5(21.815.1166.4/23.2

% Intraceijular }
bacteria killed 97.8 |79 188.11(82.7179.8/90.5|46.8{76.2 |75.1(98.6171.6184.5/169.7155.5178.2 184.9|33.6/76.8
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TABLE XVII: - RHINOVIRUS STUDY: EFFECTS ON PAM PHAGOCYTOSIS
M. W.: Cigarette Smoker with 11 pack-years  Age: 21, Male
5 days pre-challenge. 10 days post-challenge 15 days post-challenge
i w ] — T .~ . P T ~ ) —
o @ a [T o W v o Q c a Q@ o @
Phagocytosis i R i ' B '
time interval (Min) |15 30 [i15 [30 |15 |30 #15 {30 |15 (30" {15 '{30 {{15 |30 |15 |30 |15 {30
% Phagocytic PAM . ' i
69 182 26 |14 24 120 100 {100 |81 |88 167 177 |[|99 98 |73 [82 89 |89
% Phagocytic PAM
with <4 ingested . . '
bacteria 23 130 116 |11 15 11 o 1 38 (36 134 27 Ul 7 7 16 |17 |1}
% Phagocytic PAM
with >5 ingested ’ ) .
bacteria ‘ 46 (52 |10 |3 9 9 100 199 143 (62 133 [50 {{98 [91 |66 |66 |72 |78
% Ingested bacteria
labeled with
3H-Thymidine 53.6/22,0416.2]10.8)15.6]12.0j42.5} ~ ]18.8111.2|12.9]6.4 |{32 |52.6{28.7{27 |45,9|48.6
% Intracellular . i
bacteria killed 46.4178 183,8189,2184.4188.0i57.5( -~ [81.2188.8|87.1193.6168 |47.4]712.31|73 .|54.1|51.4




TABLE XVIII
RHINOVIRUS STUDY: EFFECTS ON SERUM AND LAVAGE PROTEINS

J. D.
Serum (values in mg%)
o} a2
YA vG | ¥vM |Anti | Mac |Trans| Alb|| vA/ATb| vG/Alb
5 days ' - :

pre-challenge 195| 1500 163{ 203 | 282 312 | 3899 ;

10-days
post-challenge | 211 | 1410| 159 226 | 282 | 332 | 3560

17-days
post-challenge | 22711 1500(|-167| 188 | 297 | 344 | 372¢

Lavage (concentrated 10x, values in mg%)

5-days '
pre-challenge 2.21 11.3] - | 2.5(0.2| 5.0 |40.4§| 0.05 |0.27
10-days

post-challenge | 2.9 11.6] =~ | 2.4 0.3 5.7 |43.1|| 0.06 |0.26
17-days

post-challenge | 1.3| 10.4} - { 1.4 - | 3.4 |25.6{| 0.05 | 0.40
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RHINOVIRUS STUDY:

TABLE XIX

EFFECTS ON SERUM AND LAVAGE PROTEINS

MW,

Serum (values in mg%)

[ al  |e2

vyA | ¥6 | yM JAnti |Mac | Trand Alb | [yA/ATb WG/ATD
b-days A
pre-challenge 2171 115001 184 {188 185 [ 270 [4746
10-days
post-challenge | 213 115151 191 | 199 |178 {274 14859

“|17-days

post-challenge { 205 [ 1500 190 | 192 {161 {293 4690

‘Lavage {concentrated 10x, values in mg%)

b-days E )
bre-challenge 2.4 8.2 - (1.2 1- (2.4 19 E 0.12 10.43
10-days . -
post-challenge | 4.2 | 8.9} - 10.8 | - (2.6 | 17 ] 0.24 }0.52
17-days é
ost-challenge } 3.5 {13.8] - (1.4 | - 3.9 34 1] .10 |0.40
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TABLE XX

RHINOVIRUS STUDY II (Type 13)

ITiness Chart

Antibody Responses

Nasal Secretory IgA

11213145 €} 71 8{ 9(10] 11§12] 13 |14 |15
RijR2| R1} RI
R-Rhinitis
Virus Isolation from Nasal Secretions
Days post-challenge
5|1l 213 a] 5] 7] 8
D. H. 0| oj[+] { + | +] +][+]1| O
C. W. - 0] o+ |+ 1| +i[+1] o}l 0O

Serum Neutralizing Antibody *

pre- post- pre- post-
| D. H. 0.14 2.57 <2 64
C. W. 0.097 2.35 <z 8
*16 TCIDgg
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TABLE XXI

RHINOVIRUS STUDY: EFFECTS ON PAM

D. H.: Smoker

% Lavage volume returned
Total No. Cells recovered
% PAM

Total No. PAM

% Lymphocytes

Total No. Lymphoéytes

% small-monocytes

Total No. monocytes

Willjams, C: Nonsmoker

% Lavage volume returned
Total Nb. Cells recovered
% PAM

Total No. PAM

% Lymphocytes

Total No. Lymphocytes

% smaI1~moﬁocytes

Total No. monocytes

Pre-Challenge

Post-Challenge

2-Days
56.0
3.68 x 107
89.5
3.29 x 107
3.5
1.3 x 108
7.0

2.6 x 106 °

64.0
1.36 x 107
66.5

9.0 x 106

26.0
3.5 x 106

7.5
1.0 x 105
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14-Days
68.0

13.5 x 107
87.5
11.8 x 107
5.0
6.7 x 106

8.0 .
1.1 x 107

“ 60.0
4.2 x 107
' 78
3.3 x 107
18
7.6 x 108
s
1.7 x 106

21-Days
62.0

13.6 x 107
77.5
10.5 x 107

8.0
1.1 x 107
14.5
2.0 x 107

62.0
2.2 x 107
80
1.8 x 107
17
3.7 x 106

6.6 x 10°



The PAMs obtained by pulmonary lavage in the control and the two
post illness periods were studied for their ability to ingest and
- ki1l staphylococci {Table XXII and XXIII). As in the previous
study, there were no consistent changes observed in the phagocytic
capacities of PAMs after rhinovirus infection. The bronchial proteins
in Tagage supernatants from these two subjects were not studied in
-detail.

Leukocytes were collected from both of the volunteers in this study,

and in vitro phagocytosis staphylococci was evaluated in a fashion
similar to the test done with PAMs. Blood samples were obtained

two days before virus inoculation, and six days, 12 days, and 19 days
after infection with rhinovirus. The uptake of staphylococci was
quantitated after five, 10, and 15 minutes of incubation. The percentage
of phagocytic leukocytes was determined, and the number of bacteria
within phagocytes was tabulated. A significant increase was noted

in the phagocytosis of staphylococci by Teukocytes obtained 6 and

12 days after inoculation from the 111 subjects (Table XXIV), while

no such increase occurred in leukocytes from the subject who was

infected but not i11 (Table XXV). The increases that occurred in
phagocytosis of staphylococci by Teukocytes 6 and 12 days after infection
are more apparent when the post infection results are expressed as a
ratio of the control observations (Table XXVI).

These observations suggest that infection with rhinovirus does not
produce a demonstrable impairment of in vitro staphylococcal

phagocytosis, under the conditions studied. 1In fact, an increase
in bacterial phagocytosis may follow this form of viral infection.
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D. H.: Smoker, Male

RHINOVIRUS STUDY II:

TARL %11

EFFECTS ON PAM

2 days pre-challenge 14 'days post-challenge 21 days post-challénge "
=] P L] — n :'U :'r'—'-
5|8 5|8 & = |8 5|¢g 5 s |'2 5|8 5
e 5% 5 (s 5l 5 28 55 581le5|8 5585
) = w | == v | Z2 wil=Z w» o | = »nojE on | mown | = W
Phagocytosis
time interval (Min) 5 15 51 15 5] 15 51 15 51 15 5/ 15 51 15 5 15 5] 15
% Phagocytic PAM
60 | . 83 58] 84| 951 97|| 511 87| 84| 97| 99 100{| 514 967 454 82| 50| 77
% Phagocytic PAM . ' .
with <4 ingested
bacteria 66.7 j41.0 12.1[8.3]6.311.0/72.5[27.6] 3.6 3.1 4 11127.5]1 4.2135.6} 8.5(38.0{13.0
% Phagocytic PAM
with >5 ingested :
bacteria 33.3 158.0 [87.9191.7 [93.7199.0127.5(72.4196.4 196.9196.0/99.0||72.5 195.8164.4 191.5 {62.087.0
% Ingested bacteria
labeled with ‘
H-Thymidine 38 29 24 | 25 44 331] 38| 441 19| 29| 11| 10l 25] 25) 10| 24 22) 34
% Intracellular
bacteria killed 62 71 761 751 56| 67| 62| 36! 811 71! 89} 90j! 75| 75} 90yt 76! 78| 66
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TABLE XXIII:

RHINOVIRUS STUDY II:

EFFECTS ON PAM

G Wt Nonsmoker, Male
2 days pre-challenge 14 days post-challenge . 21 days post-challenge
) ~— I - ° r—-
E |2 518 5 5| % 5| E S s |8 5 |2 5
5 © s = s g o L E — 5 o (o < 5
2 8 £ 3 2 & 2 & £ 4 2 & 2 & £ & 2 &
Phagocytosis '
time interval {Min) 5 15 b 15 5] 15 51 15 5 15 5 15 51 15 i 15 5| 15
% Phagocytic PAM .
79 97| 73 91| 57! 94| 66 86| 76 98f 93| 97/| 65! 90; 53| 94| 77/ 98
% Phagocytic PAM
with <4 ingested
bacteria 32.9111.3112,.311.138.6] 2.1|1B4.8116.3 0} 4.1[ 4.31 2.0/R1.51 11[24.5} 5.3]14.3} 3.1
% Phagocytic PAM
with »5 ingested '
bacteria 67.1188.7187.7198.9161.4197.9/65.2183.7 [100 §985.9195.8]198.0[178.5| 89(75.5/94.785.7]96.9| -
% ingested bacteria '
labeled with
SH-Thymidine 17 221 12| 42 3f 25 24| 244 17 161 36| 40/ 31| 19| 18 6 37} 21
% Intracallular
bacteria killed 83 781 881 58] 97{ 75/1 76| 76 1 83 84] 64! 60/ 69 81| 82} 94! 63| 79




TABLE XXIV
RHINOVIRUS STUDY II: EFFECTS ON LEUKOCYTE PHAGOCYTOSIS

Subject: D. H. Smoker, Male
.- .-— .JBacterial No. PMN-L with "x" No. ingested bacteria
ingestion #Leukocytes
Date period(min. )i phagocytic |per 100 PMN-L ber 100 phagocytic PMN-L
'x"No. bact/PMN~-L] "x"No.bact/PMN-L
0 11-415-1001H Q0 V1 J1-4 | 5-10 1 11+
? days 5 19 BI T 6] 8 |51 46| 3T.6¢ 42.1 [26.3
pre-challenge )
: 10 21 791 8} 9 14| 376} 38.11 42.8 {19.0
15 40 60 117 {14 | 9| 150} 42.5; 35.0 {22.5
6 days i | i
post-challenge 5 43 57 |13 {23 |7} 132} 30.2| 53.5 {16.3
10 65 (3512 |25 fo8 | 53.418.5( 38.5 {43.1
15 72 28 110 |20 142! 38.9 13.9| 27.8 [58.3.
12 days , :
postrchaTTenge 5 31 69 [14 t11 6| 222 | 45.2] 35.5 |19.4
10 50 50 |12 |15 23| 100 24.0! 30.0 (46.0
15 76 (26 {11 (12 51| 35.1 14.8|16.2 {68.9
19 days ) )
post-challenge 5 1 8¢ 912 |0 809|81.8y18.2}| ¢
10 29 71 |14 )13 | 3§ 244} 48,2 44,8 |10.3
15 28 72 113 | ¢ ITT 2571 46.4) 32.1 |39.2

* Cultured in McCoy's 5A medium with 10% heated autologous serum
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"TABLE XXV
~ RHINOVIRUS STUDY II: EFFECTS ON LEUKOCYTE PHAGOCYTOSIS

Subject: c. W. Nonsmoker, male
_ . _| Bacterial Mo. PMN-L with “"x" No. ingested bacteria
ingestion #Leukocytes ..
Date period(min.) | phagocytic [per 100 PMN-L  per 100 phagocytic PMN-L
“x"No.bact/PMN-1.  "x"No.bact/PMN-L
0 [1-415-10{T11+] 0 [1-4 § 5-10{ 11+
2 days 5’ 38. 62| 19| 17 § 2 1163 |50.0( 44.7} 5.3
pre~challenge _ .
10 53 471 271 22 | 4 88.6/50.9] 41.5] 7.5
s 63 37| 24| 17 | 22 |58.7|38.0| 26.9] 34.9
6 days T .
post-challenge 5 37 63[ 21] 12} 4 |170 {56.71 32.4] 10.8
' 10 40 601 131 12 {15 {150 {32.5¢ 30.0| 37.5
15 53 471 13 19‘ 21 188.6[/24£.5} 35.8] 39.6
12.days : .
post-challenge 5 21 79| 51 8} 8 |376 |23.8] 38.0] 38.0
10 43 571 2 | 21 {20 |132 |} 4.6] 48.8} 46.5
15 53 471 7 { 14 | 32 |88.6{13.2| 26.4] 60.3
19 days -
post-challenge 5 17 831 8 41 4 1488 [52.9| 23.5| 23.5
.10 30 70} 141 9| 7 [233 {46.6f 30.0| 23.3
15 60 401 13| 26|21 |66.6{21.61 43.3| 35.0

* Cultured in McCoy's 5A Medium with 10% heated autologous serum
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TABLE XXVI
_RHINOGVIRUS STUDY II: EFFECTS ON LEUKOCYTE PHAGOCYTOSIS

g =2 8
*® o u"—m [~
¥ [ —c 3 )
g — -3 42 —
=% 8% |ITFy 8=
w! D O = (=] + £
I >0 QO o v oo
= o 1 g ot o o
. = 42 © +3 ) T =Z O + @
Date =2 |28 |[REE| &5
e ear 2 days pre-chalienge | 40 22.5
{smoker)
- . 6 days post-challenge; 72 T.8:1 }58.3 |2.59:1
12 days post-chalienge| 74 1.85:1{68.9 {3.06:1
19 days post-challenge| 28 0.7:1 [39.2 {1.74:1
C. W. 2-days pre-challenge | 63 34.9
- | {nonsmoker}
. 6 days post-challenge] 53 0.84:1 39.6 |1.1:1
12 days post-challenge| 53 0.84:1160.3 }1.7:1
19 days post-challenge; 60 1:1 35.0 (11

* Bacterial ingestion period of 15 min. Incubated in McCoy's 5A
Medjum with 10% heated autologous serum. - -

Staphylococcal -PMN-L ratio of 20:1
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. Polymorphonuclear Leukocytes

A. General QObservations:

Samples of the peripheral blood are readily ohtainable, and

may be studied serially for changes which occur in the cells

or in the plasma. Because the polymorphonucicar leukocytes

remain in the circulation for a matter of a few hours after they
are released, changes which occur in these cells might be expected
to. reflect alterations in the host which occur in association with
illness or disease. Emphasis in the past has been placed on
alterations and total and differential white blood cell counts in
diagnosing acute- infections, particularly those caused by bacteria.
This secticn will summarize some of the observations made using
polymorphonuclear Teukocytes (PMNs) as a possibie approach to the
early detection of disease. A variety of morphological, histochemical,
and functional observations have been made which will provide
background information for possible development of tests employing
PMNs in the laboratory tests for early detection of disease.

B.. Studies of Normal Controls:

. In"many. of the studies employing relatively large numbers of

- leukocytes, such as phagocytosis and chemotaxis testing, leukocytes
must be separated from the whole blood and suspended in the desired
concentration for the test to be performed. A widely used method

of separating leukocytes from the whole blood, and the one usually
employed in our laboratory, is the addition of blocod to seditmentation
fluid containing dextran and an anticoagulant. The erythrocytes
agglutinate and settle rapidly, leaving Teukocytes and platelets

in the plasma phase. This separation procedure vastly reduces the
number of erythrocytes, without appreciably changing the distribution
of the various leukocytes left behind. Some leukocytes are trapped
among the settling erythrocytes, a 1oss which is usually in the order
of 40% (Table XXVII). These semipurified leukocytes can then be
employed in the desired in vitro tests. The observation shown in

this table represent recovery of leukocytes from 12 different normal
volunteers, and they are representative of the results obtained

from a much larger overall experience with this sedimentation technique.

It has become apparent that any technique which is to be considered
as a test for illness or disease must be reproducible within acceptable
1imits, so that a reasonable deviation from the normal range will
reflect changes in the cells rather than just fluctuations in technique.
As reported in the annual report from the first year of this project, .
we have set up several different tests employing histochemical.staining,
in vitro migration, and phagocytic capacity of PMNs to evaluate their
usefulness in disease detection. FEight volunteers (4 males and 4 females)
were tested on the same day each week over an eight week period, and
a variety of observations was made. These studies have just been
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TABLE XXVII
DEXTRAN SEDIMENTATION OF LEUKOCYTES FROM WHOLE BLOOD ~ EVALUATION

S Recovered Leukocyte Differential (Wright-Giemsa Stain)
D :
g & 9 Total .
& WBC recovered Lymphocytes Neutropniles Eosinophiles Basophiles Monocytes
€8.8 39 45 3.5 0 12.5
33:7 31 61.5 5.5 0 2.0
©77.7 37.5 57.0 2.5 .5 2.5
85.3 28.3 65.7 4.0 1.0 1.5
a7.8 33 60.0 2.5 2.5 2.5
P £8.2 27.5 65.0 4.5 0.5 2.5
= 54.4 21.0 77.0 0.5 0.5 1.0
~N 68.0 28.0 67.5 3.0 0 1.5
! 73.0 20.2 73 3.0 1.0 2.5
59.2 22.6 72.7 0 0 5.0
53.8 16.4 82.0 5 0 1.5
__ 28,0 16.3 - 81.0 1.0 5 2.0 -
. mean 630.0 2€.8 "~ 67.2 2.5 0.5 3.0
std., error 4.0 2.1 2.9 B .2 .9

Normal values . :
of whole blood: 25.0 . . 65.0 4.0 . <1.0 3.0



completed, but the data is still be1ng analyzed. Some of the
1n1t1a? observations are presented in this section.

Peripheral blood before dextran sedimentation was used to prepare
thin smears for histochemical staining. These were processed for
acid phosphatase and alkaline phosphatase, and the intensity of
histochemical staining of individual leukocytes from each blood
sample was evaluated. In these normal subjects, essentially all of
the PMNs had some reactivity for acid phosphatase, but most of these
cells were only weakly reactive (Table XXVIII). Over half of the
cells from the same samples stained for alkaline phosphatase showed
no ' reaction, and.very few of these cells showed intense staining.
When the total white blood cell counts and differential counts on
the same samples of blood are employed, these percentages can be
used- to calculate the number of cells in each blood sample with
each level of staining intensity (Table XXVIX). When the planned

8 week study is finished, we should have a better understanding
about the variation from sample to sample in the va]ues observed

in norma1 heaTthy individuals. i .

One of the in vitro functions of PMNs that we: have studied most
_intensively 1s migration of thase cells through micropore filters.
Migration can be studied in medium alone (random migration), and
chemotactic responsiveness to a number of different attracting
substances can be evajuated. Leukocytes from the same 8 volunteers
mentioned above were studied in modified Boyden chambers. Random
migration, and chemotactic responsiveness to casein {100 mg%) and

to A> Hong Kong Virus {16 chick cell agglutinating units/ml) were
eva]uated weekly for 8 weeks. Casein proved to be & satisfactory
and -reproducible chemotactic substance, resulting in approximately
ten times as many cells migrating through the filter when casein

was used as when no attracting substance was present. The infTuenza
virus, however, was a much weaker chemotactic agent resulting in
between 2 and 3 fold increases over random migration with 1eukocytes
from most individuals (Figure 20).

In order to study the variables which might be important in

_ further modifying the chemotaxis assay, a small number of studies
were done in which the number of Teukocytes placed in each chemo-
taxis chamber was varied. gver the range of leukocytes employed

. {from 3 times 10° to 6 x 10°® WBC/chamber) there was a linear
relationship between the WRC's added and the PMNs migrating through
the filter (Figure 21}, This suggests that it may be possible

" to reduce the number of PMNs required to perform an individual assay,
making the blood requirements for performing the test less demanding.

An additional functional property of PMNs which is important and
which may be modified by infection or disease is phagocytosis of
foreign particles. Repeated studies were done on the same group
of normal individuals in which the phagocytosis of staphylococci.
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TABLE XXVIII

1 ! 1
" ACID PHOSPHATASE . © | ALKALINE. PHOSPHATASE :
100~ o T -~ 100

b o
e

70-

HH
1

60-

HH

1
|
I
¢

50 1 - 50

30 | ' b L I 4
Co ._;}_1 .

| |

|

i

PERCENT NEUTROPHILE FOPULATION

207

lOJ--%.. i . - ; . A . :_ .

o emn L T e Ll e
Total ' Total ‘ .

() .0 41 T2 +3 +4 (+) 0 +] +2 +3 +h -

HISTOCHEMICAL REACTIVITY OF NEUTRO?H|LES

Normal controls -of histochemical reactivity of néutroph11es in whole blood smears



HISTOCHEMISTRY

. TABLE XXIX

REACTIVITY OF NEUTROPHILES
(NORMAL CONTROLS) '

# Neut./mm3 - Acid Phosphatase Reactivity

L # Neutl/mm3 ) Total
- blood 0 +1 +2 +3 +4 {+)
méan 3044.0 64.2 1996.8 ° 767.3 144.0 69.6 2977.6
std. Ce . :
error 209.7 28.7 166.7 100.6 23.1 - 20.6 199.5
#‘Neut./mm3 - Alk. Phosphatase Reactivity
- : .Total
0 +1 +2 +3 +4 {+)
mean 1582. 1 938.7 - 300.6  126.9 ‘95,7 1461.8
std. .
error- 126.1 126.1 48.8 °~  29.6 18.4 165.7
N =29
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™
it

MEAN No, PMN<L/(400x)

CHEMOTACTIC INDEX
iy

FIGURE 20

{5 RANDON
%9 CASEIN (100 mg®)
HKV (16 CCA)

I

TFEMALE

CHEMOTAXIS CONTROL STUDY: Test conditions in TRIS ACM

with 1% fresh autologous-serum at weekly intervals for

two to four wesks, RANDOM - no antigenic gradient,

ANTIGEXN STIMULANTS - casein at 100 mg%, and A, Hong

Kong virus at 16 CCA Units/ml, on distal side of 3um

gorosity filter, incubated at 37°C for 2-1/2 hours.
Males, n=5; Females, n=4; Total, n=9
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was quantitated microscopically. Data has been compiled on

some of the initial observations, and the phagocytesis assay seems
to give acceptable reproducibility (Figure 22}. PMNs were

incubated for varying lengths of time (3, 6, 10, and 15 minutes),
then the slides were fixed and stained, and the percent of PMNs
which were phagocytic was determined microscopically. No significanit
difference was noted between leukocytes from the healthy male or.
female volunteers. Under the conditions of the assay, over 90%-
of the PMNs contained at Teast one staphylococcus after 15 minutes.
The number of organisms within each phagocytic cell increased
steadily as the time of incubation increased, so that half of the
phagocytes contained 11 or more bacteria in 10 minutes, with a
further increase to over 70% of the -phagocytes with 11 or more
bacteria by 15 minutes (Figure 23). The range of variation was
acceptably small in repeated observations using leukocytes from the
same person, so continued studies of the uptake of bacteria are
indicated, since one can expect that this system could have the
ability to detect alterations in phagocytosis if such changes occur
as one of the manifestations of disease.

C. Effects of Acute Respiratory Infecticn:

Several small pilot studies have been performed using teukocytes
obtained from the volunteers in the respiratory virology studies
conducted by Drs. Robert Couch, Julius Kasel, Vernon Knight, and
Stephen Greenberg in the Departiment of Microbiology and Immunology.
Leukocytes have been obtained from small groups of volunteers

with influenza, rhinovirus, and Mycoplasma pneumoniae infections,
experimentally induced in susceptible volunteers. Leukocytes have
also been collected and studied from volunteers with a variety of
naturally occurring acute respiratory infection syndromes. The

“ results of these PMN studies are currently being compiled, and the
data will be analyzed in conjunction with the observations on
1ymphocytes from the same subjects made in Dr. Criswell's Taboratory
The results of these studies will be included in future progress
reports.
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| PERCENT PYN-L ACTIVELY PHAGOCYTIC

LEUKOCYTE =~ STAFHLOCUUUAL INMASAILUDLY
- (NORMAL CONTRCLS)
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III. A Developing Perspective

The studies during the past two years of this project have

utilized pulmonary alveolar macrophages (PAMs) and polymorphonuclear
Teukocytes (PMNs) to investigate possible changes in morphology

or function of these cells associated with disease, especially

acute respiratory infection. The studies 1nv01v1ng PAMs have

raised fascinating questions concerning the poss1b1e significance

of the alterations produced by cigarette smoking in otherwise healthy
persons. It has become apparent that the abnormalities which occur
in the PAMs due to cigarette smoking (a practice which is so
prevalent that any useful tests will have to be applicable to cells
from _smokers) make it un11ke1y that the use of these cells will
.give a clear cut answer in the early detection of disease. On

the other hand, PMNs are much more easily obtained and multiple
samples can be tested at intervals during the incubation period of
i11ness. Consequently, while we may continue to make some observa--
tions of PAMs the bronchial immunoglobulins, the major emphasis on
the future research will be on alterations in PMNs, since it

seems 1ikely that these cells will ultimately be more suitable for
use in disease detection.
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V.

Methods
LYMPHOCYTE SEPARATION - LAVAGE
1. Spin lavage sample 2000 rpm J-21 and collect the cell pellet

i.e. resuspend cells in = 5 m1 PBS (~6 x 100/cc)

Add Technicon 1ymphocyte separating so]utibn 4 x the volume
of the cell suspension, i.e. 20 ml

" Technicon® No. T01-0507

Rotate at 37°C/1 hr.
Stand at 37°C/30 min

‘Push the cell suspension across the-magnet field and collect

sample _
Sﬁin 2000 rpm MSE, Wash cells 2-3 times with saline
After Tinal wash resuspend the cells with PBS
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LYMPHOCYTE SéPARATION FROM WHOLE HUMAN BLOOD

Materials: .
~ - Sodium Hypaque, 50% (w/v) "Winthrop Laboratories"
Ficoll (Mol. Wt. 400,000) "Pharmacia®
Blood drawing materials
Centrifuge with a horizontal rotor
- Heparin (10,000 units/cc) or EDTA
0.9% Sodium chloride solution (or Tris buffer, Hanks®
- BSS, or any good buffer solution)

Procedure:-

1. Solution "1°. " Prepare a hiah density solution of Hypaque and Ficoll
by mixing 120 cc of sterile 9% Ficoll in water (autoclavable) and 30 cc
of sterile Hypaque. This gives a solution of 6% Ficoll and 10% Hypaque
with a osmolarity of 1.12 plasma equivalents. Store at 4°C.

2. Solution "2". To 100 cc of saline o% physio1ogicaf buffer soclution
add 0.1 cc Heparin (10,000 units/cc) resulting in 10 units anti-coagulant
per milliliter. (EDTA can be substituted at 1 mg/ml, as the anti-coagulant)

3.. Asceptically pipet 4 cc of solution "1", Ficoll~Hypaque, into a clean
sterile plastic 15cc centrifuge tube {or siliconized glass tube). Set up
one tube for every two milliliters of blood to be drawn.

If 8 to 28 cc of blood is required, pipet 10 cc of solution "1" into
a 50 cc centrifuge tube, and set up one tube for every seven m1T1111ters
of blood to be drawn.

4, Draw the volume of blood required and mix w1th the heparinized buffer
solution making a 1:4 dilution {1 cc blood WTth 3 cc buffer). Mix well
to prevent coagulation.

5. Carefully pipet 8 cc of the diluted blood mixture into a 15 cc centrifuge
tube containing Ficoll-Hypague (step 3), Tayering the blood on tcp of the
Ficoll-Hypaque.

"Up to 28 cc of diluted blood can be layered on the 10 cc F1c011 -Hypaque
solution in a 50 cc centrifuge tube.

6. Place the filled centrifuge tubes in a "swinging bucket" Roter.and
centrifuge the blood for 35 to 40 minutes at room temperature with a
force of 400 xg at the blood-Ficoll interface.

7. Following centrifugation the lymphocytes and monocytes will form an
cpaque band at the original blood-Ficoll interface, and the red cells
and granulocytes will form a pellet in the bottcm.

8. Using a sterile pasteur pipette, carefully remove the 1ymphocyte
layer and transfer it into a second tube for further processing as
dictated by the particular experiment.

Reference: Boyum, A., Isolation of Mononuclear Cells and Granulocytes
from Human blood. Scand. J. Clin. and Lab. Invest. 21 - Suppi. 97,
77-90, 1968. .
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‘ROSETTE TEST
Blood Tymphocytes: Separate using Ficoll -Hypaque
Lavage lymphocytes: Separate using Technicon 1ymphocyte
separating solution
Wash 1ymphocyte suspension 2x with PBS ph 7.2 after separation:

Resuspehd Tymphocytes with PBS and count.

" Remove 1 x 106 ymphocytes and place in small round bottom tube.

Spin 1700 rpm MSE - remove supernatant and resuspend cells in
0.25 m1 PBS-EDTA. .
/

Wash Sheep RBC's 3x with PBS. Adjust 80 x 10° m with PBS

Test 0.25 ml containing 1 x 106 Iymghocytes'
0.25 m1 sheep RBC's in 20 x 10° (total)

Incubate 5 min/37°C.

Spin 200g (1100 rpm-MSE) for 5 m1nutes.

Incubate in 1ce ‘bath 1-2 hours.

Remove port1on of supernatant and gggglx‘resuspend and read.

Positive Rosette - Any lymphocyte with more than three Sheep

.RBC's attached.

MICRO-TECHNIQUE

Prepare 1ymphocytes as described above. Remove 2 x 105

lymphocytes and place in T ml Bel-art plastic tube.

Spin 1700 rpm-MSE for 5 min. and draw off supernatant.
Resuspend Tymphocytes in 0.05 ml PBS.

Test 0.05 mt containing 2 x 109 1ymghocytes
0.05 m? Sgeep RBC's at 80 x 10°/ml 1i.e. total of
4 x 106

Incubate and read - same as macro rosette

Jondal, M., Holm, G., Wigzell, H. 1972. Surface markers on
Human T & B lymphocytes. J. Exp. Med. 136:207-215.
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10.
11

12,

13.

EAC' "LYMPHOCYTES

Wash sheep RBC 3 x in PBS
Resuspend at 5% in PBS

Add equal volume ofia 1:2000 dilution of amboceptor in PBS
Incubate at 37°C / 30 min.

Wash and resuspeﬁd at 5%.

Add equal volume of 1:2C dilution of Guinea P%d Complement
Incubate at 37° C/ 30 min.

Wash 3 x and resusgend in PBS with 0.0T M EDTA
Adjust to 100 x 10%/mi.

Test 0.5 m1 containing 1 x 106 1ympﬁocytes PBS with 0.01

M EDTA
0.5 ml SRBC's at 100 x 106/ml

.- Incubate at 37° C / 15 min.

Centrifuge at 200 x g/5 min.
Aspirate most of supernatant
Vigorously resuspend pellet

Transfer aliquot to hamacytometer and count 200 Tymphocytes.
Determining % of rosettes (Figure 24).

MICRO TECHNIQUE

Test 0.1 ml PBS with EDTA containing 2 x 109 lymphocytes

ey

Q.1 m} PBS with EDTA containing 10 x 10 SRBC's

Incubat1on and reading same as the above

Note: Must use round bottom tube

Fernando Aiuti, et al.

with infectious disease. Inf. and Immunity 8:110-117, 1973.
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FIGURE 24

" Positive Bronchial Lymphocyte EAC' Rosette
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FLUORESCENT ANTIBODY STAINING OF LYMPHOCYTES
.UEE“Tymbﬁocytes that have been separated using Hypaque-Ficoll.
1. Spin down samples in Fisher tubes at 2500 rpm for 2 minutes

* " {or 2000g for 3 minutes).

2. -Wash each sample with cold PBS x 3.

3. .0n third wash divide each sample into 5 parts (0.2 ml each,
- marked unstained. Total anti Ig, anti IgM, anti IgG, and
-anti IgA). : o )

.4? Spin samples down and withdraw supernatant.

5. In each subsample add 2-3 drops of appropriate stain to

pellet and mix thoroughly, but gently. Do not make bubbles.

Use 1:8 dilution of stain (try 1:4, 1:8, 1:16).

6. Place samples in refrigerator for 30 minutes.

7. Top each tube with cold PBS and mix.

8. Spin cells at 2500 rpm for 2 minutes. WHash x 2 with cold
PBS. Remove supernatant. .

9. Using the remainder of Tymphocyte sample in the bottom of
. Fisher tubes, take a drop and place it on a glass slide
(slides used for f1. microscopy) and coverslip witha 1 1/2
coverslip. Seal with clear nail polish. Store in a dark,
cool place (refrig) unitl they are ready to read.

Take another drop - add trypan blue, mix and place in a hemocytometer.
Do a viability and also a diff.
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Iv.

Problems related to Time Impact.

. No -major problems arose to create a major impact in our study
progr:alm. The Cellular Analysis Laboratory yielded valuable support
to our stﬁdies and were extremely helpful in accommodating our
réquests as well as our rather inflexible experiment schedule
particularly where our prison volunteer studies were involved. Dr.

S.. P{Eimzey personally added valuable suggestions and significantly

"contributed as an informed discussant in the scientific sessions held

weekly on some phase of this work. His expertise and cooperation were

significant factors, we feel, in the success of this program, a fact

that we wish not to go unrecognized.
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V.

Recommended Series of Teststo Evaluate Early Respiratory Viral

fnfection in Potential Astronauts.

The following tests yielded the earliest indications of infection

in the diseases so far studied.

ib

- 2.

Viral detection by fluorescent antisera using a selected panel

of specific known antibodies. (Use throat swabs and nose swabs.)
B and T lynz-phocyte absolute values in peripheral blood. The B
lymphocytes significantly changed prior to clinical symptoms during
‘ﬂu. T cells drop with appearance of symptoms.
Polymotphonuclear leukocyte phagocytic index changes. This also
began to drop prior to and concomitant with infection. Changes in
enzyme patterns in these cells also appears to be a potential early

index of infection.
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