
Separation of Lymphocytes, Polymorphonuclear

Leukocytes and Monocytes on Glass Columns,

Including Tissue Culture Observations

By Ytu� RARlNowrrz

VAST LITERATURE (reviewed by Walford1 ) continues to accumulate

on the separation of leukocytes from blood. Isolation of viable individu-

a! morphologic leukocyte types has been an even more formidable task.1

Recent attacks on the latter half of the problem have been directed at the

utilization of differences in the phagocytic24 or the adhesive57 properties of

the cells as a basis for their separation.

Johnson and Garvin5 separated lymphocytes from small samples of whole

blood with glass wool columns. Lymphocytes and red blood cells ( RBC)

passed through the columns while other blood elements were retained. Gar-

�‘in6 further intensively studied a variety of factors affecting leukocyte and

platelet adherence to siliconized glass bead columns including: temperature,
speed of flow, pH, column length, and Mg+ + and Ca� � concentration.

A basis for the separation of lymphocytes, polymorphonuciear ( PMN)

leukocytes and monocytes seemed to exist in these reports. This might be

accomplished if it were possible to elute the cells from the column separately

oil the 1)asis of differences in their adherence. The most adherent cells might

he released with a chelating agent in a manner comparable to that used by

\Vildy and Ridley7 to free adherent leukocytes from glass.

The present work utilizes the attributes of glass columns found by Garvinhi

as a basis for the investigation of the use of such columns to separate lympho-

cytes, PMN leukocytes and monocytes. The viability of the isolated cells,

including their survival and development in tissue culture, was tested.

MATERIALS AND METhODS

Time columns. The glass columns ( fig. 1 ) were made from Pyrex glass tubing in sizes

proportional to the 16 cm. in length by 1 cm. in diameter column used by Garvin.6 A

column 40 cm. in length by 2.5 cm. in diameter was found to be satisfactory for the ap-

plication and retention of up to 75 ml. of cell suspension. Up to 5 ml. of cell suspension

could be retained on a 16 cm. column.

A rubber stopper with a Luer needle inserted through it was fitted to the column inlet.

Cell suspensions and wash solutions were applied through the needle by syringe or

through infusion bottles and tubing for larger volumes. Speed of flow through the column

was readily controlled in either case.

A sleeve-type rubber stopper ( Thomas 8826 ) was used at the outlet. The collecting
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test tube was inserted into the sleeve to Provide a closed system which helped retain

the cell suspension on the column during incubation. An air vent permitted freer flow

durmg collection of effluents. This consisted of the glass portion of a Wintrohe pipette

( B4467-1, Scientific Products ) filled with cotton and inserted through the lower stopper

with a hypodermic needle.

The columns were packed about 85 per cent full with alternate layers of glass wool

( Pyrex fiber No. 3950, Corning Glass ) and glass beads ( No. 100-15 Superbrite, Nun-

nesota \lining and NIanufacturing Co. ) for the best lymphocyte preparations, or with

glass beads alone for the complete separation. In either casi�, a thin layer of glass wool

was used for the bottom layer to Prevent loss of the beads, while glass beads were

1ISC(1 for the top layer since the cell suspension wet them more readily than the glass wol.

Columns ( fig. 1 ) could be fitted with water jackets� for temperature control during runs.

Preparation of glassware. Glass beads were washed with concentrated nitric acid fol-

lowed by exhaustive tap and distilled water rinses. All other glassware was washed with

\Iicrosolv detergent ( Microbiological Associates ) followed by 20 tap water and five

(listillt’(1 water rinses. All glassware, including glass beads and glass wool, was siliconized

with Siliclad ( Clay-Adams, Inc. ) . Needles �s’ere treated with Nionocote E ( Armour).

Sterility. The entire procedure was carried out aseptically.

Bleol collection. Small blood san�ples were anticoagulated with heparin ( Fisher)

sterilizc(l l)y filtration, 0.1 ml. of I per cent solution per 10 ml. of blood. Larger blood

(lOflltiOIiS were collected initially in siliconized, 500 ml. Abbo-Vac Panheprin 21 15 bottles

( Abbott 4577 ) aiitl later in Panheprin 21 15 plastic bags ( Abbott 4686 ) . The manufacturer

states that the lwparin in these bottles contains no Preservative.

RBC se(liment(:ti(ni. Blood was sedimnented at ro�nm teml)erature in screw-cap test

t(ll)e5. Tile tightly closed tubes helped maintain sterility and reduced losses of CO2. Blood

se(limentation was usually hastened with the aid of 5 per cent dextran ( Pharmachem
Corp., clinical grade H, Lot No. H1061 ) in Hank’s balanced salt solution (BSS ), 1 ml.

P�r 5 ml. of blood. Column results were similar with or without dextran, although less
RBC contamination was obtained with free sedimentation.

Reduction #{252}fcell suspension volume. After sedimentation tile supernatant white cell

suspensions were collected and pooled. About 250-300 ml. of cell suspension was usually

obtained from 500 ml. of blood. Since the maximal capacity of the 40 cm. column was

75 ml., the volume of cell suspension was reduced by centrifugation at 17 C. for 10

minutes at 150 g in an International PR-i refrigerated centrifuge. These conditions proved

to be tile most satisfactory for the collection of viable cells ( see table 3 and results of

viability studies below) . The cell pellets were collected and resuspended in 75 ml. of

supematant plasma.

The Column Washout Solutions

1. Fresh plasma. Excess supernate after high speed centrifugation for removal of re-

nlaining blood elements provided a convenient source of fresh compatible plasma for

column washout.

The plasma was warmed to 37 C. prior to tue. It was used undiluted for lymphocyte

collection and diluted to 20 per cent with Hank’s BSS with phenol red for column

�vashing prior to PMN leukocyte elution.

2. Heat inactivated serum. Serum froni the sanie donor as the blood being processed

was kept at 56 C. for 30 minutes.

3. Buffered Ca+ +_ and Mg+ +-free EDTA. I)isodium ethylene(Iiamine tetraacetic

acid ( EDTA ), 0.02 per cent in Ca+ + and NIg+ + -free salt solution buffered at pH

7.4, was used for washing PMN leukocytes and monocytes off the columns. The reagent5

contained per liter: disodium EDTA 0.2 Gm., NaCl 8.0 Gui., KC1 0.2 Gin., Na0HPO4 1.15

Gm., KHOPO4 0.2 Gm., and glucose 0.2 Gm. It was sterilized with a Seitz filter.
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SEPARATION OF LEUKOCYTES ON GLASS COLUMNS 813

Cell Viability Studies

1. Motility. Cell motility was studied in wet vaseline-rimmed cover-slip preparations

Warmuehl to 37 C. in a slide incubator.

2. Trypan blue staining. Similar wet preparations made with three drops of cell suspen-

sion and one drop of 1 per cent trypan blue in normal saline were incubated at 37 C. for

30 minutes for counts of non-viable cells stained with trypan blue.

3. Phagocytosis. Phagocytosis was studied as follows: to 2 ml. of whole blood, or to a

suspension of 10 x 106 cells in 2 ml. of medium consisting of 1 part fresh serum and 1 part

Parker Medium 199, was added 0.2 ml. of a suspension containing 2 x 10� polystyrene

latex particles ( 1.8 � diameter, Dow) per ml. of Hank’s BSS. The mixture was in-

cul)ated at 37 C. with shaking for 30 minutes. Samples of the cell suspension were then

studied by phase microscopy.

4. Oxygen co7l.s�urnJ)tion. Oxygen consumption was studied by the direct Warinirg

methO(l9 in 7 ml. \\Tarbimrg flasks at 37.5 C. with a shaking rate of 156 per minute. Samples

containing RBC were equilibrated with air for 60-90 minutes, while samples free of

RBC ( PMN leukocytes and monocytes ) were equilibrated for 10 minutes. Two ml.

samples of whole blood or uncentrifuged dextran-sedimented cell suspension were USC(I

i�r flask. Cell counts of centrifuged cell suspensions and purified cells were adjusted
to 50 x 106 Pc�r flask in 2 ml. of a medium consisting of one part heparinized plasimia

and five Parts of a modified Hank’s BSS.1#{176} The center well contained 0.2 1111. of 10 1)�

cent KOH, and d 2 cm.2 pleated filter paper. Measurements of oxygen uptake were niade

for at least 2 hours. Increase in oxygen consumption with phagocytosis was demonstrated

by tipping in from the side arm 0.2 ml. of a stispension of polystyrene latex particles ( 2 x

10� per ml. of Hank’s BSS).

5. Tissve culture procedure. Cells were cultured in 16 x 125 nnn. screw-cap test tubes

( Beilco ) in a meditmns of 20 per cent compatible senim and 80 per cent Parker medium

199 ( Difco ). Initial cell concentration was 0.5 x 106 per ml., with 6 ml. per tube. Screw

caps were loosened when indicated to permit escape of CO2. Phytohemagglutinin-P

( PHA-P ) ( Difco ), when used, was added at concentrations of 1-30 pl per ml. of culture

medium. No antibiotics were used.

RESULTS

Separation of Cells

Tile separation 1)rocedure differed from Johnson and Garvin’s5 in that:

( 1 ) concentrated dextran-sedimented cell suspensions were used rather than

whole blood; ( 2 ) the cell suspensions were retained on the columns for in-

cubation to promote attachment of adhering cell types.

Two types of columns were investigated. Columns packed with alternate

layers of glass wool and glass heads ( fig. 1 ) held back platelets and non-

adherent PMN leukocytes ( fig. 2, B ) a little longer than did all glass bead

columns. Slightly less contaminated lymphocyte collections could therefore

i)e obtained ( table 2 ) . Platelets and PMN leukocytes apparently became en-

nieshed in the glass wool. Many lymphocytes and RBC, however, were also

tra1)ped. This resulted in reduction of lymphocyte yields by 20-30 per cent

( table 1 ) . Such columns were completely unsatisfactory for carrying the

separation past the iYmTII)ilocyte Ste1), because it � to he virtually im-

1)OSSii)lC to free them completely of RBC, lymphocytes and platelets with

reasonable amounts of wash solution. Columns washed with 30 column

volumes still showed these elements in the effluent. All glass head columns,
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Fig. 1.-Glass bead column.

814 YALE IIABINOWITZ

on tile other hand, could be washed completely free of lymphocytes, RBC

and platelets with 8-10 column volumes of wash while still yielding lym-

phocyte preparations of good quality ( table 2 ) . Such columns were therefore

used for the complete separation.

It was demonstrated that the blood elements could be eluted off these

columns in an ordered fashion (figs. 2 and 3A ) . Lymphocytes and RBC readi-

ly passed through the columns when they were washed with fluids containing

fresh serum or plasma. PMN leukocytes and monocytes, on the other hand,

adhered strongly. Platelets did not adhere firmly but were held up suffi-

ciently to permit their separation from lymphocytes. After lymphocyte col-

lection, the columns could be freed completely of residual lymphocytes,

RBC and platelets by continued washing with fresh serum containing fluids,
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Column Wosh So/u/ions

Fig. 2.-Peaks of cell elution from 40 cm. glass bead column. Cell suspension
concentrated to 75 ml. (column volume) after dextran sedimentation of 500 ml.
of blood applied to column. Curves represent composite of 18 runs. Uniformity of
results permits predication of location of peaks. Behavior of smaller column (fig.
3A) is proportional.

while most PMN leukocytes and monocytes continued to adhere. The latter

were then released from the columns with EDTA. Monocytes appeared in

the effluent after the PMN leukocytes, permitting a separation. Behavior of

large and small columns were similar and proportional.

Column loading and incubation. The cell suspension, reduced to a volume

which could be retained on the column, was added by syringe through the

inlet needle. With the syringe left in place, a closed system resulted which

helped keep the cell suspension on the column. The column was then incu-

bated at 37 C. for 30 minutes.

Collection of lymphocytes. After the incubation, lymphocytes were washed

from the column with fresh heparinized plasma prewarmed to 37 C. This was

usually applied by syringe at a flow rate of 4-5 ml. per minute for large

columns and 15-20 drops per minute for small columns. The volume of tile

washout determined the amount of contamination by platelets and PMN

leukocytes. Contamination by platelets and small numbers of non-adherent

PMN leukocytes began almost immediately after the volume of lymphocyte

effluent equaled the volume of the cell suspension initially applied on the

column (figs. 2 and 3A).

Since RBC, like lymphocytes, did not resist washing from the column with

fresh plasma, they contaminated the lymphocyte collection in proportion to

their numbers in the cell suspension applied to the column. There were

usually one to two RBC per lymphocyte.

Washout of column preparatory to PMN leukocyte collection. The glass
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Type of
Column

(;lass bead

40 cm.

(;lass bead

16 cm.

Whole Blood
No. Separated Total Cells

Runs (‘cli x 10�

18 lymphocyte l118

(761-1482)

PMN leuko- 2022
cyte (1463-2882)

monocyte 180

(initial (154-281)

run)

7 monocyte

(rerun)

8.1 4.4 ± 1.6 36.4 ± 5.2

(6.1-9.2)

22.5 ± 3.6 46.9± 3.9

Table 2.-Contamination of Cells Separated on Glass Columns

Contaminant

Type of
Column

Gbe�s bead

glass wool-

glass bead

0.6

± 0.2

26

± 2.9

2.4

± 0.7

18

±9

22

±8

19

± 10

0.7

± 0.2

27

± 2.1

816 YALE RABINOWITZ

Table 1.-Yields of Separated CelLs from 500 ml. Whole Blood

Samples Run on Glass Columns

Dext.-Sed. Yield Col. Yield, % of
CelLs to Separated Yield, �, Dext.-Sed.
Column Cells of Donor Cells to

x io’ � 1(1 (‘ells Column

551 .162 :42.4 ± 5.3� h5.7 ± 4.1

(446-794) (221-7)2

1058 431 22.:�±4.1 40.7 ±5.2

(781-1512) (25h;-9511)

86 18.3 10.2±4.11 21.3±5.1
(68-141) (5.9-24.2)

Glass wool- 5 lymphocyte 1156 572 268

gliugbead (801-1347) (451-812) (155-380)

40 cm.

#{149}M�n and range ( ).

tMean ± standard deviation.

No. Separated Lympho- PMN
Runs Cell RIIC Platelet cyte leukocyteMonocyte

18 lymphocyte 143 54 2.1 0

±28 ±29 ±0.3

PMN leuko- 0.06 0.02 0.01 -

cyt.e ± 0.02 ± 0.02 ± 0.01

monocyte 0.04 0.01 0.01

(initial run) ± 0.02 ± 0.02 ± 0.02

monocyte 0.01 0.004 0.006

(rerun) ± 0.01 ± 0.002 ± 0.002

5 lymphocyte 152 - 0.9 I)

±34 ±0.5

PMNleuko- 1.6 1.1 -

cyte ± 0.6 ± 0.4

monocyte 1.5 1.1
±0.6 ±0.4

Mean contaminantper 100 separated cells±standard deviation.

bead columns could be completely freed of residual lymphocytes, RBC and

platelets by continued washing at 37 C. with fluids containing fresh serum

or plasma, while most PMN leukocytes and monocytes continued to adhere.

Twenty per cent fresh plasma in Hank’s BSS was adequate. About 500 ml.

was required to wash the 40 cm. column, and 70-100 ml. for the 16 cm.

column. Flow rates up to 10 ml. per minute were used. The effectiveness of

washing was readily ascertained by centrifuging samples of effluent and

noting the presence of RBC. When RBC could no longer be seen grossly in

the pellets, a microscopic check was made to determine the completeness of

washing.

Collection of PMN leukocytes. When tile effluent was free of RBC, platelets

and lymphocytes, the column was washed with 0.02 per cent EDTA in

Ca+ + and Mg+ +free buffered saline. Showers of PMN leukocytes

appeared promptly with the colorless EDTA effluent, which became visibly
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SEPARATION OF LEUKOCYTES ON GLASS COLUMNS 817

clouded by tile cells. The major portion of tile PMN leukocytes appeared in

the first two column volumes of colorless effluemit ( figs. 2 and 3A ) . PMN

leukocyte collection was discontinued when nioni toring l)y phase micro-

SCOI)Y’m showed tile appearance of 1Th)llOcyteS.

Serum was added to tile collecting tul)es to PrOnlote cell vial)ility.

Collection of inonocytes. Continued washing of the column with EDTA

resulted in the appearance of a nionocyte peak ( figs. 2, 1), and 3A ) . Careful

phase monitoring of the effluent was necessary to avoid missing the monocyte

peak and to prevent contamination of PMN leukocytes witil monocytes. Coii-

timlued washing after the monocyte peak gave a mixture of relatively small

numbers of PMN leukocytes and monocytes.

Repurification of monocyte suS/)enszon.S. Efforts were made to remove con-

taminating PMN leukocytes from the monocyte effluents by re-running the

cells on small columns. The cells were collected by centrifugation at 80 g

at 17 C., resuspended in 5 ml. of fresh plasma, and applied onto a 16 cm.

glass bead column which was incubated at 37 C. for 10 minutes and then

washed with EDTA. It was demonstrated that the cells were capable of

reattaching to the glass and that PMN leukocytes again were released from

the column first by EDTA.

Yields and contamination. Table 1 summarizes tile yields of separated cells

from a series of large column runs.

Table 2 shows the contaminants foumid in the separated cell suspensions

for these runs.

Yields and contamination with small column runs were proportional.

Yields of platelets were estimated, not qimantiated. A large fraction of the

donor platelets was lost with the low speed centrifugation for concentration of

cell suspensions. Uncentrifuged cell suspensions applied to the columns great-

ly increased platelet yields. Platelets during their peak of elution (fig. 2, B

and 3A) are contaminated with small numbers of lymphocytes, RBC and

PMN leukocytes (fig. 4B).

Failure of separation in absence of fresh serum. Experiments were per-

formed which showed that fresh serum was essential for PMN leukocyte

amid monocyte adherence to glass.

Figure 3A shows the elution curves from a complete small column run.

Figure 3B shows elution curves for PMN leukocytes from small columns nm

without serum, with heat inactivated serum and with fresh serum ( mono-

cytes, not shown, behaved similarly ) . Comparison of these figures makes it

evident that fresh serum is essential for the complete separation. In its

absence, lymphocytes, RBC and platelets contaminate PMN leukocyte and

monocyte collections grossly, while on the other hand, PMN leukocyte and

monocyte contamination of lymphocytes becomes excessive.

Release of adherent cells from glass by EDTA indicates that the fresh

serum adherence factor requires Ca + + and Mg+ + to be effective.

Viability Studies

Tullis’s12 studies of preserved leukocytes indicated that cell damage was
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Fig. 3.- (A) Peaks of cell elution from 5 ml. of cell suspension applied to 16
cm. column run in standard manner. ( B ) Peaks of PMN leukocvte output of cells
washed twice with Hank’s BSS run on 16 cm. columns suspended in ( 1 ) Hank’s
BSS, (2) heat-inactivated serum, and (3) fresh serum are compared with standard
run of unwashed cells suspended in fresh serum.
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Table 3.-Effect of Force of Centrifugation and Temperature on Cell Viability-

Relative Sensitivity of Viability Tests _________________

Per Cent of
Dextran- Per Cent Per Cent Uncentrifuged

sedimented Trypan Blue- Phagocytic Cell Suspension
Leukocyte stained Cells Cells Oxygen Uptake

Suspension
RCF 17C. ��i_�___ 17C. 4C. 17C. 4C.

Uncentrifuged 0.1 - 99.9 - 100 -

50 g 0.1 0.2 99.8 99.0 78.2e
80 0.1 0.2 99.8 98.6 93.1 -

150 0.1 0.2 99.8 98.1 89.4 61.1

350 0.2 0.3 76.1 72.3 54.2 41.3
600 0.3 0.5 28.2 24.1 49.1 34.2

Cells Twice Washed with BSS

150 g 0.3 - 98.4 - 79.2 -

600 6.1 8.3 23.2 19.4 44.1 28.4

#{176}Relativeoxygen uptake at 50 g distorted due to loss of most ofthe lymphocytes.

evidenced in descending order by loss of oxidative metabolism, phagocytic

ability, ameboid motibilty, brownian motion, resistance to staining by trypan

blue, and finally, morphologic integrity. It was concluded, however, that

ameboid motility and phagocytic activity approximated functional viability

most closely, but that no single assay could be used to differentiate a dead

leukocyte from a living one.

Results ( shown in table 3 ) of studies to determine the optimal tempera-

ture and speed of centrifugation for collecting the cells demonstrated dif-

ferences in sensitivity of trypan blue staining, phagocytosis and oxygen

consumption as tests of cell viability consistent with Tullis’ observations.

Increased trypan blue staining was only noted in cells washed twice with

BSS in the absence of serum. Phagocytosis was more sensitive, while fall in

oxygen consumption was the most sensitive test. It was demonstrated that the

optimum speed of centrifugation which allowed collection of most of the

cells and preservation of oxygen uptake was at 150 g, while a temperature of

17 C. was superior to 4 C.

Viability of Column Separated Cells

Studies of the viability of column-separated cells included survival or

development in culture in addition to Tullis’s parameters.

Morphology and motility. Morphologic integrity of the purified cells was

maintained both on Wright-stained smears and in living cells studied by

phase microscopy (fig. 4).

The cells observed in vaseline-rimmed wet mounts became motile when

incubated at 37 C. Most of the PMN leukocytes showed good ameboid

motility within 30 minutes. Some lymphocyte motility was also evident after

brief incubation, but was best demonstrated in slide � after 24 hours

incubation at 37 C. Typical monocyte veil-waving” was demonstrable after

30-minute incubation.
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Fig. 4.-See legend, facing page.
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SEPARATION OF LEUKOCYTES ON GLASS COLUMNS 821

Pliagocytosis. Column separated monocytes and PM N leukocytes retained

their phagocytic function. Phagocytosis of polystyrene latex particles by

PMN leukocytes is shown ill figure 4f. The cells illustrated had been ccii-

trifuged at 600 g and only 25-28 per cent were phagocytic. When the cells

were collected at 150 g almost all contained several particles, \vllile some had

phagocytosed as many as 16. There was little or flO loss of phagocytic ability

as compared with the cell suspension applied to the column ( table 4).

Non-staining 1)1/ tri//)(!n blue. Only an occasional cell was stained by trYpaii

1)lue (table 4).

Oxygen COflSllfll1)tiOll. Results of oxYgen colisuml)tiOfl studies of column-

separated cells are shown in table 4. From the amounts of oxygen consumed

1w th#{128}�separated lymphocytes, PMN leukocytes and monocvtes, and the

differential couiit of the suspension applied to the column, the oxygen

comistimiiptiOii may be calculated for the recoml)ined separated cells. In the

experiments shown in table 4, oxygen consumption of the combined separated

cells is thus found to be 3.9 �l./hr./10 X 10#{176}cells. This represents a loss of

about 9 per cent as a result of passage through the column.

Oxygen consumption of separated PMN leukocvtes increased 2-4 times

when polystyrene latex particles were tipped in.131�

Cell Culture Observations

Lymphocytes. Column-separated lymphocytes in test tube culture showed

a survival of 70-75 per cent after 24 hours, 60-65 per cent after 7 days,

50-55 per cent after 14 days, and 10 per cent at 20-22 days. These results

were similar to those of unseparated cells cultured in the same fashion. No

niorphologic development of these cells ( fig. 5b ) occurred.111 When 1 to 30 �

of PHA-P per ml. was added to the culture medium, change of 90-100 per

cent of the lymphocytes to blast-like dividing cel1s172#{176} ( fig. 5d ) gradually

occurred during 3 days’ incubation at 37 C. Macrophages were not seen in

lymphocyte cultures either with or without PHA-P.

PMN leukocytes. PMN leukocytes in culture survived in numbers compara-

ble to unseparated cells. Sixty to 70 per cent were motile and morphologicallv

intact after 24 hours’ incubation ( fig. 5c ) , and 50-60 per cent after 48 hours.

Numbers of viable cells gradually decreased during continued incubation,

with 10 per cent survival after a week. Occasional macrophages were seen,

corresponding in numbers to the original monocyte contamination. Blast-like

cells did not develop when PHA-P was added to these cultures.

Monocytes. Monocytes in test tube culture gradually developed over a

period of 6-7 days into mature macrophages ( fig. 5a ) similar to those

Fig. 4.- (a) Column-separated lymphocyte suspension, some platelet amid RBC
contamination, phase, X575. (b) Platelet peak during height of PMN leukocvte

contamination. The latter are rounded after incubation at 37 C. suggesting loss of

viability as cause of their failure to adhere. (c) Column-separated PMN leukocvtes,

one miionocvte in field, Wright stain, Xl000. (d) Column-separated PMN leuko-

cvtes, phase, X460. ( e ) Column-separated monocvtes, part of a PM N leukocvte

‘B field, Wright stain, X1440. (f) Phagocvtosis of polystyrene latex particles b�

column-separated PMN leukocytes, phase, X575.
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Table 4.-Viability Studies of Column-separated Cells

Per Cent Trypan Per Cent
CeU Suspension Blue-stained Cells Phagocytic Cells Oxygen Uptaket

150 g dextran-sedimented

applied to column#{176} 0.1 ± 0.1� 99.9 ± 0.1 4.3 ± 0.1

Lymphocyte 0.2 ± 0.1 - 4.1 ± 0.2

PMN leukocyte 0.2 ± 0.1 99.8 ± 0.1 3.6 ± 0.2

Monocyte 0.2 ± 0.1 99.8 ± 0.1 8.4 ± 0.4

#{176}Differential count: PMN leukocytes 66, lymphocytes 30, and monocytes 5 per cent

(mean of 6 runs).

f/Ll./hr./10 x 10� cells.

tMean ± standard deviation.

previously described in slide chambers.�’1#{176} Contaminating PMN leukocytes

gradually died off during this time. The macrophages were phagocytic and

cleared the cultures of dead PMN leukocytes.

When PHA-P, 1-2 �sl. per ml. of medium, was added to monocyte cultures,

blast-like cells were not formed, although macrophage formation continued.

As noted previously20 in slide chambers, macrophage formation was retarded

by concentrations of PHA-P of 3 jzl. or more per ml. of medium.

DIscussIoN

The glass column separation of lymphocytes, PMN leukocytes and mono-

cytes gives consistent results with reasonable attention to procedural detail.

When the behavior of the columns became known, it was not unusual to

obtain lymphocyte suspensions uncontaminated with platelets and PMN

leukocytes, while PMN leukocytes and monocytes were regularly collected

free of lymphocytes, RBC and platelets. Results of contamination shown in

table 2 are weighted by early poorer runs.

The glass columns do not separate lymphocytes from RBC. Contamination

of lymphocytes by RBC is proportional to the number of RBC initially ap-

plied to the columns. Collection of lymphocytes free of RBC, therefore, can-

not be accomplished with preliminary dextran sedimentation and awaits the

availability of a better method for the isolation of viable leukocytes from

whole blood.

Dextran sedimentation has the additional disadvantage of losing about

half of the original whole blood leukocytes ( table 2) before the columns are

used.

Hemolysis21’22 may be used to free lymphocyte collections of residual RBC.

This procedure, while unsatisfactory for serologic work, is utilizable for

other purposes. This problem does not arise with PMN leukocytes and mono-

cytes which may be collected free of RBC by careful use of the column

separation.

Christlieb et al.23 claim that their modification of the dextran procedure

yields viable leukocytes contaminated with less than 0.1 per cent RBC,

but average recovery of leukocytes is 30 per cent. This procedure might be

used preliminary to column separation to obtain lymphocytes with minimal

RBC contamination.
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The results show that fresh serum contains a Mg � � and Ca + + -requiring

factor which promotes the adherence of PMN leukocytes and monocytes.

The somewhat slower elution ( fig. 3B ) of these cells in inactivated serum

as compared to cells suspended in BSS indicates that other factors in

serum affect their adhesiveness. A partial separation of lymphocytes from

monocytes and PMN leukocytes is possible with inactivated serum, but

fresh serum is necessary for a good separation and is essential if the column

is to be washed free of RBC and lymphocytes prior to PMN leukocyte and

mnonocyte collection.

The fresh serum adherence factor exerts a remarkably strong positive

effect in promoting PMN leukocyte and monocyte adherence to glass. In

the presence of fresh serum, most of the PMN leukocytes, even though motile

SEPARATION OF LEUKOCYTES ON GLASS COLUMNS
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Fig. 5.- (a ) Fully developed macrophage produced from column-separated

rnonocyte, 6 days. Note ectoplasmic veil, phase, X1000. (b) Column-separated

lymphocytes, 6-day incubation, control culture for phytohemagglutinin cells in (d),
phase, X960. (c) Column-separated PMN leukocytes, 24-hour incubation, Wright
stain, X1200. (d) Clump of blast-like phytohemagglutinin cells developed from

column-separated lymphocytes, 6-day incubation with PHA-P, 3 A. per ml. of
medium. Note cells completing mitosis, phase, X1200.
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after 30 flhilltltes incubatioii at 37 C., retain sufficient iiokl on the glass to

resist simple flushing off the column. A small PMN ieukocytc peak occurr-

ing after lymphocyte collection during platelet elution from tue column

( fig. 2, B ) perhaps does include some cells whose hold on the glass has been

impaired by the development of ameboid motility and possibly a few non-

viable cells which are incapable of active adherence. Monocytes are extremely

resistant to fresh serum washout and do not appear in the effluent prior to

EDTA chelation. They are considerably less motile31 than PMN leukocytes

and this may account for their stronger adherence.

The fresh serum adherence factor may be identical with a PMN leukocyte

alld monocyte flattening and spreading factor noted in slide chambers.11 Cells

incubated in heat-inactivated serum remain rounded and fail to flatten and

spread.24 PMN leukocytes and monocytes may be trying to phagocytose the

glass when they flatten and spread in slide chambers or adhere to glass

columns. If so, the fresh serum factor may be related to a serum phagocyto-

sis promoting factor described by Tullis et al.25 which has been equated with

C’ by Nelson.26 Lymphocytes, RBC and platelets, on the other hand, are not

phagocytic and are unaffected by this fresh serum factor. Serum fractions

promoting flattening, spreading and growth of some non-phagocytic tissue

culture cells on glass have been isolated.2725 Adherence and phagocytosis

are thus not necessarily identical.

Sonic PMN leukocytes and monocytes do flatten and Spread on glass in

the complete absence of serum. This phenomenon probably represents a

preliminary to cell death, which occurs rapidly in the absence of serum. EDTA

has no influence on such flattening.

Flow rates used in washing the columns were considerably faster than

those found to be optimal for passage of whole blood through glass bead

columns by Garvin.6 This, no doubt, was made possible by the initial incuba-

tion of the concentrated mixed cell suspension on the column at 37 C. which

gave the monocytes and PMN leukocytes time to become active and adhere

to tue glass. This is consistent with Garvin’s observation’ that lengthening

the columns permitted the use of increased flow rates. He attributed this to

greater opportunity for individual cells to contact a glass bead.

The viability of column-purified cells as evidenced by their non-staining

with trypan blue, phagocytic ability and oxygen consumption is similar to

that of the cells in the suspension applied to the column. The ability of the

purified cells to survive or develop in tissue culture is additional strong

evidence of their viability.

The cell source of macrophages developing in leukocyte cultures has been

a subject of controversy since 1914.21) Some investigators have reported that

only monocytes form macrophages;3#{176} others have attributed this capacity to

1)0th lymphocytes and monocytes.3�33 Berman and Stulberg,�4 although

conceding that monocytes could form macrophages, considered lymphocytes

to be the chief source. We have reported’#{176} studies in slide chambers in

which macrophages appeared to develop only from monocytes. The results
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obtained from cultures of separated cells are consistent with these findings.

To test the possibility that the discrepancy bet�veen Berman and Stulberg’s

and our findings might be the result of differences in culture media used,

the cultural experiments reported here have been repeated using their medi-

um34 of calf serum and Eagle’s medium. Result&1� obtained were the same

as those reported here with human serum and Parker 199. We are unable to

explain the difference between Berman and Stulberg’s and our results.

The formation of blast-like mitotic cells in cultures of leukocytes under

the influence of phytohemagglutinin was first noted by NowelP7 who thought

that they were derived from monocytes and possibly young lymphocytes.

Most later observations have indicated a lymphocytic origin for the blast-

like cell.16’1834�641 j� the Present study, such cells developed only in cul-

tures which contained lymphocytes.

The capacity of separated monocytes to develop into macrophages amid of

separated lymphocytes to change into blast-like cells would appear to be good

evidence of their viability after collection from glass bead columns.

SUMMARY

A procedure was described for the separation of lymphocytes, polymor-

phonuclear ( PMN ) leukocytes and monocytes on Garvin’s glass bead col-

‘imns. Dextran-sedimented leukocyte suspensions were added to columns

and incubated at 37 C. Lymphocytes were eluted with fresh serum. The

columns were then washed completely free of erythrocytes, platelets and

lymphocytes while PMN leukocytes and monocytes continued to adhere. PMN

leukocytes and monocytes were released from the glass with EDTA. Mono-

cytes appeared in the effluents somewhat later than the PMN leukocytes,

permitting a separation.

A fresh serum, heat labile, Ca � � - arid Mg � + -requiring PMN lenko-

cyte and monocyte adherence promoting factor was demonstrated and

found to be essential to the procedure.

The viability of column-separated cells was shown by their non-staining

with trypan blue, motility, phagocytic ability, oxygen consumption, and

survival or development in tissue culture.

In tissue culture, macrophages developed only from monocytes, whereas

Nowell’s blast-like, dividing, phytohemagglutinin cells were produced only

in cultures containing lymphocytes.

SUMMARIO IN INTERLINGUA

Es describite tin technica pro Ic separation de lymphocytos, polymorpho-

nucleares ( PMN ) . e monocytos in columnas Garvin a perlas de vitro. Sus-

pensiones de leucocytos, sedimentate con dextrano, esseva introducite in ie

columnas e incubate a 37 C. Le lymphocytos esseva eluite con sero fresc.

Postea le columnas esseva lavate usque al elimination complete de erythro-

cytos, plachettas, e lymphocytos, durante que le leucocytos PMN e le mono-

cytos continuava adherer. Le leucocytos PMN e le monocytos esseva removite
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ab le vitro con EDTA. Le monocytos appareva in le effluente brevemente plus

tarde que le leucocytos PMN, lo que permitteva br separation. Esseva dem-

onstrate, e recognoscite como essential in le processo, un thermolabile factor

serat de promotion del adherentia de leucocytos PMN e de monocytos le qual

requireva Ca+ + e Mg+ +.

Le viabilitate de cellulas separate in le columnas esseva demonstrate per

le facto de br non-acceptation de tincturation con blau trypan, per br motili-

tate, br capacitate phagocytic, br consumption de oxygeno, e br superviventia

0 disveloppamento in histoculturas.

In le histoculturas, macrophagos se disveloppava solmente ex monocytos,

durante que le blastoide mitotisante cellulas phytohemagglutininic de Nowell

esseva producite solmente in culturas que contineva lymphocytos.
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‘Ilmis pai)’r I)r(’s#{128}’iits five patients with acute leukemia imot treated by

chemnotlwrapy or irradiation, in whoiii diagnostic organ infiltration was not

demonstrable aLt necropsy. The bone nlarn)WS were hypoplastic in three

cases; in two cases both hypoplastic and hypercellular foci were present.

‘limes’ cases focus attention tipon bone marrow hypoplasia and a lack of

organ infiltration as end stages of the leukemic process, and upon the

iniportance of these findings for diagnosis and for the understanding of time

natural history of the disease.-O. P. 1.

ACUTE INFECTIOUS LYMPHOCYTOSIS PHESENTINC. AS A PERTUSSIS-LIKE ILL-

NESS: ITS AssociATIoN wim ADENOVIRUS TYPE 12. L. C. Olson, G. Miller

(HU! J. B. Hanshaw. From the University of Rochester, New York. Lan-

cet 1:200-201, 1964.

Four cases are reported with a pertussis-like respiratory infection. Their

ages were 5, 18, 19 and 35 and the total white cell count varied from

27,()00 to 168,000 per cu.mm. The vast majority of these cells were lympho-

cytes. Two of these cases were siblings and five other children in the same

family also had a pertussis-like illness. Adenovirus type 12 was isolated

from throat swabs of these patients and neutralizing antibody against the

virus was present both in sera from the patients as well as in sera from

other siblings of the affected family.-l. C.
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