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Human Peripheral Blood in Tissue  Culture and 
the Action of Phytohemagglut in in  

In the past few years there has been increased interest 
in the study of human peripheral blood leucocytes in 
tissue culture. During these studies the hemagglutinating 
substance 1, phytohemagglutinin (PHA), was found to in- 
duce mitosis 2 in these cultures. This substance, extracted 
from the red kidney bean 1 is now widely used in the cul- 
ture of leucocytes for chromosome analysis. 

Much attention is now being focused on the action of 
PHA. There is evidence tha t  the human, small lympho- 
cyte a-l° is the cell transformed in vitro in the presence of 
this substance into a blastoid cell capable of division. This 
paper will draw attention to the correlation between PHA 
and 'blastoid'  changes of mononucleax cells leading to cell 
division in short term cultures of normal and leukemic, 
peripheral blood leucocytes. Experiments  will also be 
presented which were designed to provide information 
concerning the mechanism by which PHA induces this 
blastoid transformation. 

Materials and Methods 

Method o/culturing peripheral blood. The culture method 
is a modification oi that  used by several investigators ~,s. 
Peripheral blood was collected in an evacuated glass tube 
(the Becton-Dickinson Vacutainer) containing either 
powdered heparin or a heparin solution (200 U per 10 ml 
of blood) which contained 0.9% benzyl alcohol as a pre- 
servative. The blood was kept at  4°C for 1 h during which 
time some sedimentation of erythrocytes occurred. (To 
obtain adequate sedimentation of erythrocytes in cord 
blood, the cord blood was diluted with autologous cord 
plasma prior to this hour in the cold.) Thereafter, to ob- 
tain more complete separation of the erythrocytes from 
the leukocyte-rich plasma, the blood was centrifuged at  
300 to 500 rpm for 5-12 rain. The leucocyte-rich, erythro- 
cyte-poor, supernatant  plasma was then collected. If this 
supernatant  contained excessive numbers of leucocytes, i t  
was diluted with autologous, cell-free plasma, so tha t  the 
final culture fluid contained 0.8-2.2 million leucocytes 
per ml. The final culture fluid was made by adding one 
part  of this leucocyte-rich plasma to four parts of tissue 
culture Medium 199 (Baltimore Biological Laboratories) 
containing sodium bicarbonate. Antibiotics had been 
added to the Medium 199 so that  their concentrations in 
each ml of the final culture fluid were 70 lzg of strepto- 
mycin, 70 U of penicillin, and 35 U of mycostatin. The 
desired amounts of PHA were added either to the Medium 
199 or to the final culture tluid. 

The P H A  used, Bacto-Phytohemagglutinin M (PHA- 
M), is prepared by Difco Laboratories, Detroit  (Michigan), 
according t o  the procedure of RmAs and OSGOOD 1. Each 
vial of desiccated PHA-M was rehydrated prior to use 
with 5 ml of water or saline, stored at  4°C, and discarded 
if not used within one week. 

One ml aliquots of the final culture fluid were placed in 
screw-capped tubes, which were then maintained in a sta- 
tionary, vertical  position at  35.0°-35.0°C. In some in- 
stances cultures were grown directly on cover-slips con- 
tained in Leighton culture tubes. After the desired period 
of incubation, the cells were obtained for examination 
from the screw-capped tubes after gentle centrifugation. 
The centrifuged cells were redispersed in a small volume 
of supernatant culture fluid by repeated aspirations in a 
pipette, smeared on coverslips, air dried, and stained with 
V~rright's Stain. 

Sources of leucocytes. (a) Normal  leucocytes : Leucocytes 
were obtained from 77 samples of peripheral blood from 
30 adults with no known hematological disease. 

(b) Leukemic leucocytes: Cultures were made from the 
peripheral blood of three patients with acute leukemia. 
One adult had the clinical diagnosis of acute myelogenous 
leukemia. Another adult had an acute blastic leukemia, 
the exact  type of which could not  be determined. The 
third patient, an eight-year-old boy, had acute lympho- 
blastic leukemia. Cultures were made also of the peripheral 
blood from three patients diagnosed clinically as having 
chronic lymphocytic leukemia (CLL). Their white blood- 
cell counts were above 90 000 cells per mm a of peripheral 
blood, and in each case more than 93% of these cells had 
the morphology of lymphocytes. None of the Six patients 
with leukemia had been treated with anti-leukemic or 
steroid drugs. 

(c) Leucocytes from individuals with impaired immune 
reactions: Two specimens of cord blood were cultured, 
These specimens were obtained by puncture 0f the umbi- 
lical cord vessels of placentas within 8 min after their 
delivery. Leucocytes were cultured from the blood of two 
brothers who had a form of congenital, idiopathic hypo- 
~-globulinemia. Histories, clinical and laboratory findings 
of these two patients have been reported by HENLEY 11. 

Method /or removal o/ the erythrocyte-agglutinating ac- 
tivity o / P H A - M .  Two ml of saline-reconstituted PHA-M 
were mixed with 2 ml of saline-washed, packed red cells 
obtained from the person whose leucocytes were to be 
cultured. After 25 min at  4°C the mixture was centri- 
fuged and the supernatant  removed and mixed with a 
second aliquot (0.5 ml) of the packed cells. After 10 rain 
at  4°C this mixture was centrifuged, and the resulting 
supernatant passed through a 0.45 ~ pore-size, mfllipore 
filter to remove any remaining blood ceils. The resulting, 
cell-free filtrate is referred to as 'erythrocyte-treated 
PHA-M'.  Titrat ion of erythrocyte-agglutinating activity 
was performed essentially as described by SALE xs 

Results 

The production o/ blastoid cells in cultures of normal 
leucocytes by P H A - M .  The general effects of P H A  on nor- 
mal peripheral blood cells in tissue culture has been de- 
scribed by several investigators ~, ~, ~, s, ~a. ~a and will not  be 
described in detail  herein except as they apply to the 
formation of blastoid cells and are necessary as a frame 
of reference for comparison with the results reported be- 
low. The larger blastoid cells formed possess a round or 

1 D. A. RmAS and E. E. OSGOOD, J. biol. Chem. 212, 607 (1955). 
P. C. NOWELL, Cancer Res, 20, 462 (1960). 

s O. R. MCINTVRE and F. G. EBAUGH, JR., Blood 19, 443 (1962}. 
4 W. H. MARSHALL and K. B. ROBERTS, Lancet 1963i, 773. 

K. CARSTAIRS, Lancet 1962i, 829. 
6 A. A. MAcKINsEV, JR., F. STOHLMAN, JR., and G. BRECHER, Blood 

19, 349 (1962). 
M. W. ELVES and J. F. WILKINSON, Exp. cell Res. 30, 200 (1963). 

s L. BER~AN and C. S. STULnEa~, Lab. Invest. 11, 1322 (196~). 
9 Lancet 1962ii~ 337. 

10 W. H. MARSHALL and K. B. ROBERTS, Quart. J. exp. Physiol. #S, 
146 (1963). 

11 W. L. HRNLEV, J. Mt. Sinai Hosp. N.Y. 26, 138 (1959). 
1~ ~. E. SALK, J. Immunol. 49, B7 (1944). 
is D. QUAGLINO, F. G. J. HAY~OE, and R. J. FLEMANS, Nature 

196, 338 (1962). 
la M. A. BE~I)ER and D.M. PRRSCOTT, Exp. cell. IRes. 27, 22t (196~). 



15. I IL t96~ Brevi comunicazioni - Brief Reports 16~ 

ova l  nucleus wi th  one or  more p rominen t  nucleoli  (Figures 
l a  and lc).  The  basophil ic,  nongranu la r  cy top l a sm often 
conta ins  clear  vacuoles  (Figure 1 c). These large,  Mastoid 
ceils can  be observed in mitosis  af ter  the  48th h of cul ture .  
Smal le r  b las to id  ceUs are  also seen. These  ceils appea r  
in the  P H A - M - t r e a t e d  cul tures  pr ior  to the  appearance  
of the  larger cells and  possibly represen t  t rans i t iona l  
s tages in the  t r ans fo rma t ion  of t he  small  l ym phocy t e  to  
the  larger  blastoid cells. Many  of the  large and smal l  
btastoid cells are found in clusters  (Figures l a  and  2c). 

On the  3rd d a y  of cu l tu re  of  normal  per ipheral  blood 
no t  exposed to PHA-M,  less t han  0.5 % of the  mononuc lea r  
cells p resen t  are blastoid.  The  small,  unchanged  lympho-  
cytes  are readi ly  appa ren t  (Figures l b  and 2a). 

Effects  of va ry ing  the  concen t ra t ion  of P H A - M  are 
str iking.  Fo r  example ,  w i t h  a concen t ra t ion  of 0.01 ml  
per  5 ml  of cul ture  fluid 1% of the  mononuc lea r  cells were 
blastoid af ter  69 h in culture.  W i t h  increasing concent ra-  
t ions of P H A - M  the  percen tage  of b las to id  cells increased, 
so t h a t  wi th  a concen t ra t ion  of 0.20 ml  per  5 ml  of cul ture  
fluid, more  t h a n  70% of the  mononuc lea r  cells p resent  a t  
69 h were  Mastoid  (Figure 2). This  t r ans fo rmat ion  oc- 
curred  wi th  a corresponding decrease in the  percentage  of  
smal l  l ymphocy tes  present .  

PHA-I~/I a~d leukemic blast cells. In  cul tures  f rom two 
of the  three  pa t ien ts  wi th  acute  leukemia  mi to t i c  figures 
were seen in the  first  48 h of cul ture  in the  absence of 
PHA-M.  Dur ing  this  period the  n u m b e r  of cells wi th  mi to -  
t ic  figures was no t  no t iceab ly  increased by  P H A - M  in a 
concen t ra t ion  of 0.05 ml  per  5 ml  of cul ture  fluid. In  the 
cul tures  f rom the  o the r  pa t i en t  no mi to t ic  figures were 
seen dur ing the  first  48 h oI cul ture  even  in the  presence 
of PHA-M.  

PHA-~¢  and chronic lymphocytic leukemia cells. All the  
short  t e r m  cul tures  of chronic  l ymphocy t i c  leukemia  

(CLL) leucocytes  showed a marked ly  reduced response to 
PHA-M.  F o r  example ,  cul tures  m a d e  f rom two of these  
pa t ien ts  were tes ted  wi th  several  concent ra t ions  of 
PHA-M.  E v e n  a t  the  h ighes t  concent ra t ions  employed  
(0.25 and 0.50 m |  per  5 mI  of  cu l ture  fluid), less t h a n  3~o 
of the cells had become blastoid dur ing the  first  31/2 days  
in cul ture .  I t  should be noted,  however ,  t h a t  the  large 
blastoid cells formed in cul tures  of  C L L  blood in the  
presence of P H A - M  (Figure 3c) appeared  morphologica l ly  
s imilar  to  t he  blastoid cells formed in cul tures  of no rma l  
blood. 

In  order  to de termine  if PHA-M-conta in ing ,  C L L  cul- 
ture  fluid could t ransform normal  l y m p h o c y t e s  in to  t he  
charac ter i s t ic  blastoid cells, cell-free mil l ipore  f i l t rates  of 
these fluids were obtained.  These f i l t rates  were  added  to 
no rma l  l ymphocy te s  f rom PHA-M-f ree  cul tures  and,  in 3 
days,  had  induced a character is t ic  blas toid  t r ans fo rma t ion  
so t h a t  more  than  7 0 ~  of the  mononuclear  cells p resen t  
were blastoid.  No t r ans fo rmat ion  occurred if t he  f i l t ra tes  
were ob ta ined  f rom PHA-M-ffee ,  CLL cultures.  

Cell-free, mil l ipore f i l t rates  f rom PHA-M-con ta in ing  
cul tures  of no rma l  blood,  in which blastoid t r ans fo rmat ion  
had  occurred,  were added  to CLL leucocytes  which had 
been c u l t u r e d  w i thou t  PHA-M.  On the  3rd day  in the  
presence of these  f i l t ra tes  more  t h a n  97~/o of the  C L L  
lymphocy tes  were small  and had  no t  become blastoid.  

P H A - M  and leucocytes from individuals with impaired 
immune reactions. The  leucocyte  cul tures  f rom cord blood 
and f rom blood of the  pa t ien ts  wi th  hypo-~-globul inemia  
responded normal ly  to P H A - M  as judged  by  the mor-  
phology  of the  blastoid cells formed,  ti le concent ra t ions  
of P H A - M  requi red  to t rans form more t h a n  70~/o of the  
lymphocy tes  in to  blas toid  cells, and the  t ime required for 
these responses. 

Erythrocyte-treated P H A - M  and normal leucocytes. Prior  
to its exposure  to the  packed  cells, the  P H A - M  used in 
this  s tudy  produced  agglu t ina t ion  of e ry th rocy tes  in a 
di lut ion of 1 : 320. E r y t h r o c y t e - t r e a t e d  P H A - M  did no t  ag- 
g lu t ina te  (even a t  a 1 : 2 dilution) the  e ry th rocy tes  of the  
person whose leucocytes  were cul tured.  However ,  t h e  
blastogenic  and mi togenic  ac t iv i ty  of e ry th rocy te - t r ea t ed  
P H A - M  remained  essent ial ly unchanged.  Over  60~/o of the  
mononuc lea r  cells became  blas toid  in a 69 h cul ture  ex-  
posed to 0.20 ml  of the  e ry th rocy te - t r ea t ed  P H A - M  per  
5 ml  of cul ture  fluid (Figure 4). E r y t h r o c y t e  agglu t ina t ion  

Fig. 1. Normal leucocytes in 69 h cultures, a and c, with 0.20 ml of 
PHA-M per 5 ml of culture fluid; b, without PHA-M. In 'a' note the 
clustering of the Mastoid cells arouffd the cell in mitosis. Note also 
the large clump of agglutinated erythrocytes in the lower right of 

the field in 'a' ( x 810). 
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Fig. 2. Effect of different concentrations of PHA-M in 69.h cultures. 
a, without PHA-M; b, with 0.05 ml of PHA-M per 5 ml of culture 
fluid; and c, with 0.20 ml of PHA-M per 5 ml of culture fluid. The 
small, unchanged lymphocytes in 'a' appear as tiny,' solid, black 
dots amidst the lighter staining erythrocytes. The magnification, 

× 00, is the same throughout. 
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was absent in these cultures (Figure 4b) in contrast to the 
clump of agglutinated erythrocytes which can be seen in 
Figure la. I t  is of interest, however, tha t  in the cultures 
with erythrocyte-treated PHA-M the blastoid cells still 
formed clusters. 
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Fig. 3. a and b, low magnification views ( x 90) of 8~ h cultures 
with 0.05 ml of PHA-M per 5 ml of culture fluid: a, chronic lympho- 
cytic leukemia (CLL) leucocytes; b, normal leucocytes. Note the 
small, unchanged lymphocytes in 'a ' .  The culture of normal leuco- 
cytes 'b '  has many  blastoid cells and was made at  the same time as 
the culture of CLL leucocytes, under the same conditions, and with 
the same batch of PHA-M. e, high magnification view ( x 600) of 
another eLL  pat ient ' s  leucocytes in a 73 h culture with 0.~5 ml of 
PHA-M per 5 ml  of culture fluid. Note the single Mastoid cell in the 

presence of several small lymphocytes. 

Discussion 

Several previous studies ~-1° have indicated tha t  the 
small lymphocyte of human, peripheral blood is trans- 
formed into a blastoid celt in the presence of P H A  i** 
vitro. The results of the present study are consistent with 
this view, for, during the first 48 h of culture, blastoid 
cells appeared in increasing numbers while the number of 
small lymphocytes decreased. This change occurred with- 
out  evidence of cell division prior to the 48th hour or of 
destruction of the latter cell. I t  appears, therefore, that  
more than 70% of the normal, small lymphocytes from 
human, peripheral blood are transformed into blastoid 
cells in vitro in the presence of adequate concentrations of 
PHA-M. I t  is not known, however, whether the monocyte 
and the large and medium lymphocytes are transformed 
into blastoid cells or made to divide by PHA-M. 

Investigators have evaluate~ the effect of P H A  on 
mononuclear leucocytes by determining the frequency of 
cell division (i.e. the rr.itotic index) 2,s,7 or the rate and 
extent  of incorporation of radioactive precursors into 
nucleic acids3,6,1~-1% In  the experiments with Pt tA-M 
described herein, the 'blastogenic' act ivi ty of PHA-M has 
been stressed for the following reasons: (1) the develop- 
ment  of blastoid cells (blastogenesis) precedes and is a pre- 
requisite for the appearance of mitotic figures; (2) the 
degree of blastogenesis is easily evaluated (see Figure 2) ; 
and (3) by focusing on the first, observable effects of 
PHA-M, it is hoped that  at tention will be directed toward 
the basic mechanisms initiating blastogenesis and cell 
division. 

Several investigators have reported tha t  no blastoid 
cells or cells in division developed in PHA-treated cul- 
tures of peripheral blood from some patients with 
CLL17-~% However, ELVES and W~LKINSON 7 reported 
tha t  the number of blastoid and dividing cells in PHA- 
treated cultures of CLL blood did not va ry  significantly 
from that  of PHA-treated cultures of normal blood. Other 
investigators 2°, who have studied the chromosomes in 
PHA-eontaining CLL cultures, made no mention of the 
frequency of cell division or of blastoid cells formed. 

The present studies demonstrate that  more than 97% 
of the tymphocytes in the cultures of the CLL blood 
studied herein did not respond normall~ to the blasto- 
genie effect of PHA-M. I t  seems unlikely tha t  there was a 
factor in the e L L  plasma which prevented the CLL 
patients '  lymphoeytes from reacting, for lymphocytes 
from normal individuals responded in a normal manner to 
the blastogenie effect of PHA-M when transferred to the 
PI-IA-M-containing, CLL culture fluid. This result indi- 
cates also that  the factor in the PI-IA-M which is respon- 
sible for blastogenesis was not significantly inactivated by 
the CLL cells or plasma. The persisting unresponsiveness 
of the CLL cells w h e n  suspended in PHA-M-contMning, 
normal, culture fluid (20% of which was normal plasma in- 
stead of autologous, CLL plasma) makes it unlikely tha t  
the unresponsiveness was due to the lack of a necessary 

Fig. 4. 69 h culture of normalleucocytes with 0.~0 ml of erythrocyte- 
t reated "PHA-M. a, x 810. Note tha t  one of the blastoid ceils is 
dividing, b, different field, x 360. Note the unagglutinated erythro- 

cytes above the group of blastoid cells. 
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factor in the CLL plasma, for such a factor would prob- 
ably have been present in the transferred fluid. 

I t  should be noted tha t  in at  least one respect the condi- 
tions of the culture of CLL cells are different from those of 
the culture of normal cells. Because more than 93% of the 
leucocytes in the CLL blood were lymphocytes, cultures 
therefrom have relatively few polymorphonuclear neutro- 
phils a n d  monocytes. However, in the experiments of 
CARSTAIRS 6 and of others l°,ts,2t most of the neutrophils 
and monocytes were removed prior to the culturing of 
normal cells without  any noticeable effect upon the 
blastogenic and mitogenic effects of PHA. 

The above data  suggest tha t  more than  97% of the 
lymphocytes in the CLL blood cultures studied herein 
were inherently unable to respond within 31/2 days in a 
normal manner to the blastogenic effect of PHA-M. The 
few large blastoid ceils formed in the presence of PHA-M 
in these cultures may have been derived, for example, 
from either the monocytes or a small population of normal 
lymphocytes, or both. I t  is possible, therefore, tha t  there 
were two types of lymphocytes in the CLL blood: the 
leukemic lymphocytes, comprising more than 97% of the 
total  lymphocytes, which did not respond within 3~/8 
days to PHA-M, and the normal lymphocytes, comprising 
less than 3% of the total  lymphocytes, which did react 
to PHA-M. If  this hypothesis is true, i t  must  be con- 
eluded tha t  the chromosomes of the abnormal cells of 
these CLL patients would never have been seen in these 
short-term peripheral blood cultures. The chromosomes 
seen would have been those of normal cells. 

The blasts in the peripheral blood in two of the three 
cases of acute leukemia studied herein divided in tissue 
culture even in the absence of PHA-M. Similar findings 
have been reported by previous investigators 7, ~2, ~3. There 
is no evidence tha t  PHA-M increases the number of 
mitoses in these leukemic blast ceils. However, i t  is 
reasonable to assume tha t  any normal tymphocytes 
which might  be present in cultures of peripheral blood 
leucocytes from patients with leukemia would eventually 
divide in the presence of PHA-M. These normal lympho- 
cytes would contain normal karyotypes and, as already 
noted u-~6, might interfere with the determination of the 
frequency of a chromosomal abnormali ty present only in 
the leukemic ceils. These considerations may account for 
some of the variation in the frequency with which the Ph 1 
chromosome has been found in PHA-containing cultures 
of peripheral blood from patients with chronic myelo- 
genous leukemia ~4-~s. 

In studies which are designed to examine the chromo- 
somes of the leukemic cell, it would be advisable, there- 
fore, to avoid the mitogenic effect of the P H A  on normal 
lymphocytes. This may be done by omitt ing P H A  com- 
pletely. The cells found in division in the absence of P H A  
would, then, probably be only the leukemic cells. Since, 
however, in certain leukemias, for example, 'familial', 
chronic lymphocytic leukemia ~0 and the leukemias associ- 
ated with mongolism ~s, all cells possess a chromosomal 
abnormality, the m!togenic effect of PHA is advantageous, 
for it causes lymphocytes to divide and thereby provides 
cells in mitosis which will reveal the chromosomal ab- 
normality. But  it  must  be noted tha t  even in the lat ter  
cases the leukemic cell may have a karyotype which dif- 
fers from that  of the non-leukemic cells*~,*s. Thus, peri- 
pheral blood cultures with and without  P H A  should be 
used routinely. 

Mechanism o] the induction o[ blastogenesis by P H A - M .  
I t  has been suggested tha t  the mitogenic act ivi ty of PHA 
might be related to an immunologic mechanism ~, ~*, ~, *~, ~0. 
This suggestion is supported by the findings tha t  blastoid 

cells are formed from a sensitized person's peripheral, 
blood leucocytes when they  are exposed to the specific, 
sensitizing antigen in  vitro ~9-8~. In order to test this sug- 
gestion, the btastogenic effect of PHA-M on cultures of 
cord blood and blood from patients with hypo-7-globu- 
linemia was studied. Since the two hypo-r-globulinemic 
patients had" impaired production of certain antibodies l~ 
it  was hypothesized that  their blood cells might  fail to 
react normally to PHA-M. As reported above, no im- 
paired reaction was found. These studies should be re- 
peated in other patients who have more severe degrees, 
and different types, of hypo-7-globulinemia. 

More than 70% of the mononuclear cells in the cord 
blood cultures were blastoid by  the 72nd hour of culture in 
the presence of adequate concentrations of PHA-M. This 
response is of great  interest since certain immunological 
mechanismsS2-sL but possibly not  all 84, seem to be mar- 
kedly impaired in the newborn. However, i t  has recently 
been demonstrated tha t  Atrabine-labeled maternal  lym- 
phocytes pass from the maternal  blood into cord blood as. 
I t  must be noted, therefore, that  some of the cells in cord 
blood which reacted to the blastogenic factor of PHA-M 
might  have been cells of maternal  origin. But  it  seems 
likely tha t  some, if not  the majority, of the blastoid cells 
formed were of fetal origin. The maternal  cells, in contact  
with cells of fetal origin, may  have transferred some form 
of immunological responsiveness to the latter cells, per- 
haps in a manner analogous to the transfer of delayed 
hypersensitivity in humans s6. I t  should be noted tha t  the 
fetal or maternal  origin of the ceils in cord blood which 
divide in vitro in the presence of PHA-M might be deter- 
mined by culturing the cord blood from a male child and 
by determining the sex chromosome complement (XX or 
XY) present in the dividing ceils. 

I t  should be noted also tha t  several investigators have 
presented evidence indicating a possible relationship be- 
tween the mitogenic effect of P H A  and delayed-type 
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hypersensitivity reactions a,~7, 29, The existence of such a 
relationship might be tested by determining if the re- 
sponse to PHA-M is impaired in cultures of leucocytes 
from patients with active sarcoidosis, a disease in which 
there is often an impairment of delayed skin reactions to a 
variety of antigens 37. 

The relationship between the mitogenic and hemagglu- 
t inat ing effects of PHA is of considerable interest. There 
is evidence that  the hemagglutinating activity can be 
present in the absence of mitogenic activity 3s. The pos- 
sibility that  the mitogenic activity could exist in the 
absence of hemagglutinating activity was supported by 
the work of GENEST 39. He used a semi-purified PHA 
preparation and stated that  ' . . .  filtration through a Seitz 
filter (disc S-l) inhibits the agglutinating capacity but  not 
the mitogenic activity of our vacuum desiccated extracts. 
This inhibition does not  appear following filtration of tyo- 
philized material'. No further details of this phenomenon 
were presented. 

In  the studies performed herein, the erythrocyte ag- 
glutinating activity of PHA-M has been removed, but  the 
blastogenic and mitogenic activity has been retained. 
Presumably, the hemagglutinating factor has been ad- 
sorbed t o  or otherwise inactivated by the erythrocytes 
during their agglutination. The method used here was sug- 
gested by the observation of P~IGAS and OSGOOD 1 that  the 
agglutinating activity of the supernatant  of their PHA 
decreased during the process of hemagglutination. While 
this paper was in preparation, it was reported that  sub- 
stances with 'leucocyte growth factor activity '4° and 
mitogenic activity 31 had been obtained free of erythrocyte 
agglutinating activity. 

The data presented above strongly suggests tha t  the 
erythrocyte-agglutinating and blastogenic activities of 
PHA-M reside in separate molecules. Because of the 

method of preparation of PHA-M x, i t  is quite possible 
that  these molecules are proteins. In  this regard it should 
be noted that  PHA-M has been shown to contain many 
proteins4L Further  characterization and purification of 
the active factors of PHA-M by chemical, electrophoretic 
and immunologic means, would be of great interest 4.. 

Rdsumd. Phytoh6magglutinin a transform4 en cultures 
brgves plus de 70% des petits lymphocytes de personnes 
normales, de nouveau-n6s et d'hypo-y-globulin4miques en 
cellules blastoides, mais moins de 3% des lymphocytes de 
malades avec leuc6mie lymphatique chronique. L'action 
blastog6nique existe dans l 'absence erythrocyte-agglu- 
t inante.  On discute la signification de ces d6couvertes. 

J. H. I~OBBINS 4s 

Departments o/ Microbiology and Medicine, and Cell 
Research Laboratory, The Mount Sinai Hospital, 
New York (U.S.A.), August 27, 7963. 

a7 R.  A. GooD,  W.  D.  KELLY, J .  ROTSTEIN, a n d  R.  L.  VARCO, P r o g r .  
Al le rgy  6, 187 (1962). 

38 A. DE LA CHAPELLE, L a n c e t  1961i, 1348. 
39 p. GENEST, L a n c e t  1963i, 8~S. 
,o T.  PUNNETT a n d  H .  H .  PUNNETT, N a t u r e  198, 1173 (1963). 
41 j .  H .  ROBmNS a n d  A. W.  WACHTEL, L a n c e t ,  1963ii, 406. 
a2 Acknowledgments. I am greatly indebted to Mrs. B. SHORE and to 

Professor A. WACHTEL for their helpful advice and encouragement 
throughout. 

48 Present address: Clinical Neuropharmacology Research Center, 
National Institute of Mental Health, Saint Elizabeths Hospital, 
Washington (D.C., U,S.A.). 

CONGRESSUS 

Czechoslovakia 

Third European Regional Conference on 
Electron Microscopy 

Prague, August 26 -Sep tember  3, 1964 

The Conference on Electron Microscopy in Prague will 
deal, as usal, with physics and construction of electron 
microscopes, as well as biological, medical, chemical, 
metallurgical and technological subjects connected with 
electron microscopy, related fields such as electron diffu- 
sion and interferometry, ion emission and x-ray micro- 
scopy will also be welcome. Exhibi ts  of electron micro- 
graphs as well as commercially available equipment  
for use in electron microscopy and related fields are 
planned. 

Persons interested in participating are kindly requested 
to apply not  later than  June 30, 1963, to the following 
address: The Organizing Committee, 3rd European Re- 
gional Conference on Electron Microscopy, Prague 1964, 
Albertov 4, Prague 2 (Czechoslovakia). 

Niederlande 

Holl~ndisch-Deutsche Analytikertagung 
im Friihjahr 1964 

Eindhoven, 20.-23. Mai 1964 

Symposium fiber Moder~e Methoden der Analyse orga- 
nischer Verbindungen, organisiert yon der Fachgruppe 
~Analytische Chemie~> der Gesellschaft Deutscher Che- 
miker und yon der Settle voor Analytische Chemic van 
de Koninklijke Nederlandse Chemische Vereniging. Das 
Symposium steht unter  der Patenschaff der Analytisehen 
Sektion der IUPAC. Unter themen des Symposiums: 
Elementaranalyse,  funktionelle Gruppen. Konsti tut ion 
organischer Verbindungen, Molektilspektroskopie. Trenn- 
verfahren, Wanderungsverfahren, chromatographische 
Verfahren. Analyse yon Hochpolymeren. Analyse von 
Naturstoffen, klinische Analyse. 

A uskun/t: GDCh-Gesch~ffsstelle, 6000 Fr inkfur t  (Main, 
Deutschland), Postfach 9075, oder Sectie voor Analytische 
Chemic van de Ifoninklijke Nederlandse Chemische 
Vereniging, zu Handen yon Herrn Dr. J. J. Engelsmann, 
Kastanjelaan, Eindhoven (Niederlande). 


