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ZXTRODUCTIOI 

Luring the last f i v e  years,  we have been studying the  e f fec ts  

on human beings of a Single  exposure Of t o t a l  body radiat ion 

which has been given for the  pa l l ia t ion  of metastatic malignsncy. 

To date ,  for ty  pat ients  have been so t reated with 25 to  200 rad 

midline absorbed t i s s u e  hose (bl t o  336 R midline air  dose) of 

L 

t o t a l  body radiation. 

t o  200 rad. 

Eighteen of these pat ients  vere given 150 
. .  :::;,. .. ._.; . ..., , . ..'.. .:,. !. . ,._;! I. . '... :*,. +':.<, ' _... :,;,i,a:,.,...:..,. :.: . .. .;::.; . .;.:r,..'.r..r-..:.~i... ,.:>\'*>,.>,: .!*.. .,a!s,.;,..: ..-. .:-,.. I ,  
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Marked hematologic depression occurred in d l  eighteen 

pat ients  who received more than 125 rad t o t a l  body rhdi6tiOn. 

The t o t a l  leucocyte count fell  below 2000 WBC/mm3. 25 to  b0 days 

after i r radiat ion.  The me- minlaann leucocyte count of previously 

untreated patient8 vho received 150 rad t o t a l  body radiat ion alone 

was 1264 2 1140, md WPLI U40 2 016 when there had been previous 

therapy. 

200 rad vhs 983 2 366 vBC/mm3. 
The n d i r  of t h e  leucocyte count8 of patienta vho received 

Since bone mumv depression was the  most l i f e  threatening 

radiat ion effect  at t h e  doses used, we began storing bone m6rrov 

for autologous infusion pr ior  t o  i r radiat ion.  To date,  w ham 

r tored w r o v  fram twenty f i v e  patients and have infused sutologous 

r toreG human bone murow intravenouly vithout f i l t r a t i o n  in to  six 

pat ientr .  One pat ien t  had hemoglobinuria fo r  twelve hours . i t e r  

infirion at 100 drop8 per minute. 

th ree  pat ients  five dayr, eight  days and nine days respectively 

-et  reinfusion. 

Autopsiea were performed in 

No evidence o f  pulmonary emboli, pulmonary 
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L 
infarct ion o r  other disease as  B resu l t  of marrow infusion was 

found on microscopic examination. 

MGPHODS 

The bone marrow has been stored by a modification of t h e  

method previously hescribed by Kurnick (1). 

of material  is aspirated from each poster ior  I l i a c  c res t .  

Approximately 100 m l .  

The 

i. - ... .: : . ' .i, .8,*-$ow .'i:wpensi6n .'is , .*th~&: &o&. Of.' ,.:..:. 36$ g . ~ c e r o l  ?.  ' ..., ',.. ' ,  ..,,.: ~ 

-0SgOOd media. 

tube is cooled at lo Centigrade per ninutc t o  -boo Centigrade. 

The tubes are then placed i n  polyethylene bsgs aad stored at 

-BOO centigrade . 

This mixture, in quant i t ies  of 10 ml. per cul ture  

On the  day of i n m i o n ,  the  frozen wrov-glycerol-Osgood 

media is thawed a t  bo Centigrade. Two par t s  of it u e  diluted 

with one per t  33 113% dextrose in vetcr  and placed i n  a F e n d  

plastic transfer pack. 

intravenously without f i l t r a t i o n  through a 17 gauge si l iconized 

needle. 

L 

It YLS thii mixture which MI 1n-d 

There is disagreement as t o  t h e  need f o r  f i l t r a t i o n .  Kcrnick 

docs not think it is necessary p r io r  t o  infusion. 

and Pi l lov  (2.3,b) r e c e e n d  f i l t r a t i o n  t o  minimize t h e  incidence 

of pulmonuy eabolization. 

zation, vc have developed a simple method of f i l t ra t ion  for use 

i n  man. 

Th-, Ferrebee 

Thoyh we have not encountered emboli- 

L a 
4 



-3- 

L 
The complete infusion f i l t r a t i o n  system consirts of a 

Fenval t ransfer  pack, p l a s t i c  tubing, f i l t e r  assembly, and 

Sigmamotor pump (Figure 1). The pump has a variable speed 

control, but for the experiments t o  be reported, has been run 

at 55-60 drops pef minute. 

(Figure 2). t h e r e ' a r e  eucccsrive number 850. Y l O Q  m d  Y2QQ 

Uithin the  f i l t e r  assembly 

mesh f i l t e r s  corresponding t o  openings of 297, lkg, and 74 

h i c r o n s ~  'We ' f i l t e r  akrembly"i8 constructed of i t a ideaa - ' s t ee l  

with Teflon vashers so t ha t  it ce.n be disassembled f o r  cleaning. 

It CM then be rearrembled, s t e r i l i z e d  and made pyrogen t ree .  

1 .;;- :. , .A,* .< ... :, . I . . . . , ' , . . .  > . . , I '  '. ..... I... .. . _ / .  ' ,.... -;,..!;.<.,:. , ... 2 :  . . . . . .I. ~ &..I..:. .. . , ,. ., . .. 
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When t he  pump VM used vlthout a f l l t e r  assembly, the  p l u t i c  

tubing vould t e p u a t e  from t he  17 p u p a  needle becaune of the  

large pieces of f i b r i n  and m o v  vhich would occlude the  needle. 

With the  complete system, including tho f i l ter  ~ s c m b l y ,  a 25 

gauge aeedlt hem betn used without ancountering any obstruction 

at the  needle hub. 

We have invertigated the  t o t a l  c a l l  c a t  of  L Polrmpe of 

murow suspenrion and the viabil i t) .  o t  i torad m u r o w  ce l la  before 

and b f t v  f i l t ra t ion ' through the  ioiwlon filtration system 

darcribed. Cell  ceunti UI report.6 u ce l l s  per IdL. (1). via- 

b i l i t y  s tudies ,  M determined by dyr UC~UAOI), u t i l i zad  trgpan. 

blue (5) .  By a modfrfcatfon of the aetbod 02 Moorhead 161, 

tho wrov frk rwtral p r t i e n t i  hi boas cultured under phyto- 

hamagglutin s t h u l a t i o n  for  6 dWI. 1.0 t o  1.2 x lo6 c e l l s  per d. 

u e  implanted in a culture media of 7 s  TC 199 and 30% pooled human 

L 8 
4 
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(7). On the  t h i r d  day, the  m a r r o w  is  replhnted. m d  additional 

QhgtOheIUagglUtiII is added. 

&ffferentiatea and undergoes mitosis under these in vitro conditions 

is a hematopoietic cell. 

It is thought that  the c e l l  which 

RESULTS 

We have studied bone marrow from fourteen patients.  
*,.. *_i :..::. .*..,...*.,,'. ., A .... ... a ,  :. . .  . ..:.:...: .,.. ..t..\' &.'.'..) . .:. ..... . . ...*,.,,.< ,.._. ;,\<+'.-.,. . . 

&row has been r to re~ .Zr& five t o  twengf airi months prSor ' to 

study. 

The 

Though the  storage temperature has usually been -EOo 

L 

Centigrade, at times, due t o  transient equipment fhllure, t he  tempera- 

ture has risen t o  as high as -LOo Centigr.de f o r  u long as twenty 

four hours. 

Cell counts have been performed on nineteen spechens of bone 

w o w  from fourteen pat ients  before md a f t e r  f i l t ra t ion (Table I). 

The mean of the  c e l l  counts p r io r  t o  f i l t r a t i o n  vas 3.8 

cells x lo6/,. md 3.0 2 1.6 x 106/ml. attar f i l t ra t ion.  When 

these m e a n  are compared by aa analysis of var imce,  there  i n  no 

r ignif lcant  difference i n  the  tw ~ o u p s  at the  5% level. 

r ens i t i v i ty  of t h e  cells t o  injury by f i l t ra t ion vas not influenced 

by t h e  duration of rtorage rt low temperaturer. 

2.0 

The 

Tryp.n blue exclusion studies were performed on seventeen 

rpechtm of bone marrow obtained from twelve pat ients  (Table 11). 

The mean of t h e  % v i a b i l i t y  before f i l t r a t i o n  was 55.3 $ 8.9% 

m d  55.5 2 8.1% after f i l t r a t i o n .  There was no significmt , 

L t 
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difference between these two groups. 

by t h i s  dye exclusion technique was not influenced by t h e  length 

of storage up t o  twenty s i x  months nor by f i l t r a t i o n  through the  

system described. 

Percent v i a b i l i t y  as determined 

Attempts t o  c i l t u r e  f n  v i t r o  seven s l iquots  of bone marrow 

from s i x  pat ients  h v e  yielded metaphases in two studies. 

one additional study, "large mononuclear cel ls"  with prominent 
. ...... >i.. ,.._. - .-. . . I  . ..,( :, _.I.. * ..... .: ....... :.*,&',,.'e !'&. :,,; ... s,.:. ... I., .> r;  ..I,-.:-., ...:, .L. . 5 ;* 

.nucleoli and vacuolated @opissm were observ&:". 100 metaphasea 
were seen. 

Figure 3 is M example of a metaphase seen on rlides fram a culture 

of bone marrow which had been r tored f o r  5.5.monthr. A metaphase 

In  

Bo growth vas present in t h e  other four cultures.  

L 

from t h e  spmc d i p u o t  of bone rmrw a f t e r  i i l t r a t l o n  la seen in 

Figure 4. 

r tored f o r  13.5 months. 

8lideS made from such cultures before f i l t r a t i o n  (Figure 5). m d  

after f i l t r a t i o n  (Figures 6 and 7). A l u g e  number of metaphases 

h~ not been observed, but the presence of a w e  i r  ovldence of a 

degree of viability of the rtored murow. The number oi%etaphases 

did not decrease after f i l t r a t i o n .  

lie have been able  t o  cul ture  marrov which has been 

Metaphases have been photographed from - 

-5 z 

- 
If t h e  boar marrow has not been f i l t e r e d ,  macroscopic clmps 

of material, M luge as 3 mm. in length, u e  aeea parsing through 

t h e  tubing. On microacopic prepsrations from unf i l te red  marrow, 

clmping l a  &allzed (Figures 6 and 9). Follow* f i l t ra t ion ,  

no macroscopic pa r t i c l e s  are aeen and individual r e p r a t e d  cells 
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DISCUSSION 

One of the  f i r s t  tenets  in the  handling and preparation of 

human t i s sue  is t o  minimize external mhipulation whenever possible. 
, .*.-..,... .-,. :.*. :..* . .<:,,,; ,;. t: ,. ..*... ..e.. :,,,....I.;'. . ..: .:;.;.; .... -.,.;:.., .......... :+..:+:- : ,,:,. :..:...::,..,..::..- : . L *:-. ._ 'Thii~'tho~&'lea it8 $0 the us&"of unfil tered marrow h the  past .  

L 

L 

u e  observed on microscopic examination (Figure 10). lo clumping 

is noted on t h i s  s l i de  which is from the  s m c  marrow study M the 

two wi th  sheets of ce l l s .  

Bowever, there  was l i t t l e  quertlon tha t  f i l t e r e d  marrw would have 

advantages over unfi l tered m r r o v  if the  ability to repepulate 

the  m u r o w  space was not a l tered by f i l t r a t ion .  We have drrponstrated 

that the  i n h i o n  f i l t r a t i o n  8ystem used in these experiments is 

easier  t o  ure thrn the  rystem without the  f i l t e r  urcmbly. With 

the  f i l t e r s ,  a needle as small as a 25 g a q e  can be used for t h e  

intravenous infusion. 
_.  

:< .. 

Since there  h u  been no aignif icsnt  d tuat ion &he c o i l  

dtmgf  
~ . .  - .e.---.* 

. s  

count nor in the  a i . b i l i t y  of t he  cells when r tudird 

there  doer not appeu t o  be a deleterious effect  from f i l t r a t i o n .  
. -  

0d.y two in vitro t a r t s  of v i a b i l i t y  vera used, namely the uclusion 

of trypan blue dye md t he  capacity t o  pew cells in t i s sue  cu l ture  

Vith subsequea% danowtrntion of mitoses. 

of the  cellular v iab i l i t y  with tritium label l ing of c e l l s  and 

m h e r  investigst5,on 

acridine orange rtudier i s  adviaable. 

The ultimate answer as t o  whether f i l t r a t i o n  . I t e r r  t h e .  

a b i l i t y  of stored autologous human nmrrw t o  repopulate the murow 

can c a e  only fra an adequately controlled investigation in ma. 

5 
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This study supports tfle view tha t  f i l t e r e d  autologous marrow should 

be effect ive In  the  management Of myelosuppression due t o  radiation 

therapy, chcmothernpy or  accidental radiation exposure in industry. 

in warfare, or  i n  space. 

SllMMARY 

An easy-to-use infusion f i l t r a t i o n  system f o r  autologous 
. ..- . '. L.. _ . h..:. ,. * .. ~ ~ . . . - ' . . , . .  i . . i  .;.. . , , ,:.. ' ' ' ..,, "..~. ,; , ,  ?..., .: e - ... ::.. .. , ,. ...+._: .. . ..' #tored' l idn 'bond ' k r z w  his' beeh'aeveloped~ ' There has been no 

L 

difference in the means o f  the c e l l  counts of marrov before or  

after f i l t r a t i o n  i n  nineteen experfments. 

vere not changed by f i l t r a t i o n  i n  seventeen studies.  

y.r unchanged by six t o  tventy six months atorage bt -Boo centi- 

grade. Af'ter t i r s u e  cul ture  f o r  six days under phytohemgglutin 

rtimulation, metsphsrer vere observed in specimens obtained before 

urd after f i l t r a t i o n .  

In vivo v iab i l i t y  studies 

Virb i l i ty  

Thir study supports the concept t ha t  filtered rutologoua 

human bone marrow would be effective i n  controll ing tbe revere 

hcmstologic depresrion u s o d a t e d  with ch.motherrpy or radiation _ .  - - .  - ww. - 

L 
4 



Table f 

Case Number Storage Time Before Fi l t r a t ion  After F i l t r a t i o n  

(months) 

068 5.5 

06L 
063 
056 
050 
050 
052 
052 
047 
OL9 
Oh8 
rl 
x2 
Ob7 

10 
11.5 
1 2  
13.5 
17 
21 

22 
. 21.5 

22.5 
23 
24 
25 
26 
26 : 
26 

5.6 
1.6 

l . L  
5.3 
L.8 
3.6 
9.8 
3.5 
6.2 
2.2 . 
3.2 
3.2 
4.4 

..,..,4?2 ,.:. d'::.. ,?..,'-. , 

b.3 
1.8 
3.0 
3.0 
1.3 

.. . 
4.1 
0.8 

i. 333. :. 
0.6 
4.4 
4.1 
3.1 
8.2 
2.9 
2.6 
2.4 
3.5 
3.5 
3.2 
3.6 
1 .4  
2.5 
2.2 
1.2 

_... 

3.8 f 2.0 3.0 f 1.6 

. 
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Trblr iI 

8 Vlrble Cells 

C8se Xumber Storage Time Before Filtration After Filtration 
,(moat ha ) 

06% 5.5 69 
065 5.5 -- 
067 , . : ,i :..:,<.:.'.*:.:...6 ' ' - ? %  :...,, -,'ii~,~.,'.':". .: ._,. 58 ....... >,:;,;$; 

i j < "  "' -- 065 
066 10 51 
0611 11.5 53 

' 06L 12 64 
063 13.5 63 
056 17 63 
050 21 38 
050 21.5 49 
052 22 52 
052 22.5 47 
047 23 44 
049 21 69 
OLE 25 63 
xl 26 60 
r2 26 52 
047 26 45 

.: .,,.,' .,,. ..:.*.. $.' ...,. I .:.. 

Mem $ S.D. 55.3 t 8.9 

52 
64 

53 

55.5 ? 8.1 

L 
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