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and found it to be at least several minutes in 
duration. Other investigators have confil-med 
this result experimentally (18). Parnas and Segal 
(19) showed that it was theoretically possible for 
a signal of long duration to propagate. The 
results of Devreotes and Steck (20) indicate that 
the duration of the response depends on that of 
the stimulus but it can never be longer than 
several min~~ tes .  This suggests that a range of 
signaling durations might be observed in situ, the 
longest being sevel-al minutes. 
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101 (1971). 
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Rc,\. ('otnmun. 65,  3M (1975). 

22. K. 	J. Tomchik and P. N. Devreotes. unoub- 
lished data. 

23. There are several models of the temporal rela- 
tion between the chemotactic movement and 
signal relay responses. Shaffel- (9) fil-st PI-oposed 
that amoebae begin to signal after completing an 
inward movement step. Other authors have 
adopted this logical sequence of events (24). 
Cohen and Robertson (16) inverted the sequence 
suggesting that a cell emits a bl-ief cyclic AMP 
signal about 15 seconds after receiving one and 
then berins the movement step. This hvpothesis 

ly to aggr&at(loc(25. 26j: 
24. G.  Gerisch, D. Hulser. D. Malchow, V .  Wick, 

P/rilil,)s. li.(rrr.s. R.  Soc. I.orrdorr Ser. B 272. 181 
,.,,-,. 

25. S. Mackay, .I. Cell Sci. 33, 1 (1978). 
26. H. Parnas and L. A. Seeal. ihid. 25. 191 ( 1977). 
27. A plot of the optical density of the lluorograph 

;llong the radius of a territory has the contour of 
a symmetrical wave with at least threefold differ- 
ences in intensity. We estimated the concentra- 
tion of the cyclic AMP bands by applying small 
drops of cyclic AMP dil-ectly to the monolayer 
just before assay. The bands wel-e lightel- than 
the spots produced by dl-ops of4  x lW7M cyclic 
AMP but not as light as those PI-oduced by drops 
of 2 x IWhM. We also conducted contl-01 ex- 
periments on agar without cells by mixing unla- 
beled cyclic AMP of known concentl-ation with 
the 'H-labeled cyclic AMP in the lower filter. 
The cyclic AMP extracted from cells produced 
concentrations in the lower filtel- ranging from 
10 %M in the interpeak regions to 2 x 10-'M at 
the peaks. Assuming that extracellular cyclic 
AMP is a significant fraction of total cyclic AMP 
(detected in 0111- measurements), the gradients 
encountered by cells in situ may be as  steep as 
10-"M pel- millimeter. This is about 50-fold 
gl-eatel- than reported threshold values (28). 

28. J. Mato, A. I.osada, 	 V .  Nanjundiak, T. Konijn, 
Pro(.. Nrrtl. Acird. Sci. U.S.A. 72,4991 (1975). 

29. Pel-haps the 	adaptation process (see text) is 
linked to chemotaxis as well as cyclic AMP 
signal relay. Cells on the proximal edge of the 
cyclic AMP wave may be unable to sense the 
reversed gradient because thev are ~relativelv' 
mol-e ada$ed than those on thLdistal edge. 

30. The dul-ation of 	 movement step is about 100 
seconds (7. 16). This is consistent with the 
dimensions of the cyclic AMP waves I-evealed 
by isotope dilution-nuol-ograpby. The width of 
half of the wave (about 0.5 mm) COI-responds to a 
duration of about W seconds. A careful exami- 
nation of movement step durations has I-evealed 
a considerable range (60 to I60 seconds) with the 
mean at 100 seconds (6). We predict that the 
diffel-ent durations will corl-elate with differences 
in the width and velocity of different cyclic AMP 
waves. 

31. 	A study of the kinetics of the adaptation PI-ocess 
yielded detailed information on the increase in 
cyclic AMP upon introduction of a cyclic AMP 
s t im~~lus  its decrease stimulus(32) and upon 
removal (33).This knowledge has been used to 

sketch the level of the adaptation process within 
cells in the monolayel-. For example, the decay 
of adaptation occurs with a half-time of :lbout 3 
or 4 minutes. In situ, the cyclic AMP wave 
would advance 0.9 to 1.2 mm in this time. 
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Cross-Contamination of Cells in Culture 

Abstract. Lists clre prc>.sented of' rc$c.renc.es to all known publicc~tions de.sc.rihing 
c.ell propc>rtie.s that scJr~~cJ to charclcterize ( i )  known .strc~in.s qf'  Hc>La and purported 
human c.ell 1ine.s indicted a.s HeLu contaminants, (ii) strc1in.s qf'  humcln cd l  1inc.s 
c.orrtc~minated with humcln hrrt non-fieLu cells, clnd (iii) .struins c:f'c~ell.s c.ontatninated 
by ce1l.s jkom one or more other species. Frequenc.ie.s qf'cell cro.ss-c~ontc~mination.~ 
are cited and rej(.renc.e.s clre presented to relatively sirnple techniyrres that c~ould 
.serve to detec.t .s14ch c.ontc~mination. 

We present here a comprehensive list- 
ing of documented instances of inter- and 
intraspecies cell culture contamination 
(Tables 1 to 3) (1-133). In 1976 (26) we 
listed the references to all known publi- 
cations that had served to relate strains 
of HeLa cells to each other and to indict 
a large number of other purported human 
cell lines as HeLa contaminants. A total 
of 103 sources provided these cultures. 
Indictment followed when the cells ex- 
hibited (i) type A (fast) mobility for 
G6PD, (ii) type I for both PGMl and 
PGM3, (iii) absence of a Y chromosome 
by fluorescent staining, particularly in 
cases where the cell donors were known 
to have been male, and (iv) possession of 
a complex of trypsin-Giemsa banded 
marker chromosomes reported in known 
HeLa cells. The list served investigators 
both as a ready reference to information 
on HeLa cells and as a signal to the 
possibility that cells with designations 
such as those listed might in fact be 
HeLa cells. The reevaluation of the 
provenance of published cell lines estab- 
lished from human tumors (101)was also 
of value, because it was among cell lines 
still extant and available for research 
that many contaminants were discov-
ered. 

When the HeLa cell contamination of 
many cell lines became known a major 
effort was made to inform users of cell 
cultures that in spite of these problems 
there were available many bona fide 
lines representing not only the original 
donors' cells (102), but also cells repre- 
senting the specific tumor of origin (103). 
However, the results of this effort had to 
be further revised because it was subse- 
quently discovered that while all the 
cells described were not HeLa, a number 
of lines had been contaminated with an- 
other human tumor cell line, SW-480 
(104, 105). 

Previously, a number of publications 

had revealed cell contamination prob-
lems, mostly of an interspecies nature, 
but in general these did not specify the 
precise contaminating cell line [for sum- 
maries see (106-108)i. In this report we 
have tabulated (Table I) the karyologic, 
serologic, immunologic, enzymologic, 
and other data that serve to characterize 
specific cell cultures. We have updated 
information on cultures from the same 
sources as previously listed (26) and pre- 
sent references to cultures, many with 
new designations, from 41 additional 
sources. The results should serve as an 
up-to-date reference to contaminated 
cultures and a further warning that other 
cultures so designated may be contam- 
inated as well. 

Earlier studies concentrated on the 
mobility patterns of a few isoenzymes 
(for example, LDH, G6PD, and PGMl 
and 2). More recently, cells in culture 
have been examined for their allozyme 
genetic signatures representing the com- 
posite enzyme phenotype at increasing 
numbers of loci. The expression of HLA 
antigens on the cell surface has also been 
studied more extensively. 

In addition to being contaminated with 
HeLa cells, some human cell lines have 
been cross-contaminated with other hu- 
man cells. Detection of type A mobility 
for G6PD is not in itself sulficient for 
indictment of a cell as HeLa (71, 105), 
particularly since there are now a num- 
ber of newer cell lines expressing this 
genetic trait (68, 71, 109). Although this 
number is still small compared to the 
number of cells with G6PD type B, it is 
interesting that a non-HeLa cell with 
type A may be involved in another con- 
tamination event. Thus, one report (68) 
mentions disparity between two cultures 
of EB-3 cells at different laboratories in 
regard to G6PD, one being type A ,  the 
other type H .  EH-3 is a well-known lyni- 
phoblast-like cell derived from a patient 
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Table I .  Cell lines with characteristics peculiar to HeLa cells. Abbreviations: G6PD. glucose-6-phosphate dehydrogenase: PCjM I ,  phosphogluco-
mutase, locus 1; ATCC, American Type Culture Collection; CCL, certified cell line number of the ATCC; MBA, Microbiological Associates; 
GIBCO, Grand Island Biological Company; IMR, Institute for Medical Research; SRL, Stanford Research Institute. Electrophoretic mobility of 
the following enzymes have also been examined: PGM2 and PGM3, phosphoglucomutase. loci 2 and 3: ESD, esterase D; GI.C)I. glyoxylase 1; 
MEM, malic enzyme (mitochondrial); GOTM, glutaniic-oxaloacetic transaminase (mitochondrial); ADA, adenosine deaminase: PGD, phospho- 
gluconate dehydrogenase; ACONS, cytosol form of aconitase; PEPA, C, D, peptidases A or C or D; a-GLUC, a-glucosidase; ACPI, acid 
phosphatase (red cell); AKI,  adenylate kinase. The phenotypes of all but four of these enzymes are type I ;  the four exceptions are GLO1, type 2; 
MEM, type 1-2; PGD, type A;  and ACPI, type A-B. LDH, lactate dehydrogenase. For references to these enLymes see footnotes a to u. HLA, 
human lymphocyte antigen was typed in three ways with the following results: 1, negative by cytotoxic reaction (7):2, unstated method gives 
phenotype A3, ,428, BW35 [see (89, Y7)]; 3. by a microquantitative absorption technique (98) the phenotype Tor 1198 cells was positive for A2 and 
812, negative for A l ,  A3, A9, A10, B5, B7, B8 [see (Y9)j. Other cultures gave identical results except that H 12 was negative; in addition, H 17 gave 
a negative reaction (95, 100). 
--- ~ ~ ~- ~-~-

Refer- Source of cells G6PD PGM I Y chro- marker 
Designation 

ence for study type A* type 1 mosome chromo-
by somes 

HeLa (adenocarcinoma, 
cervix) 

ATCC" 

HeLa ( =CCL2) 

HeLa BU-25 
HeLa HB-2-3 
HeLa R 
HeLa 229 (=CCL2.1) 
HeLa S, (=CCL2.2) 
HeLa S, 

HeLa S,g 

HeLa S,k 

HCE (carcinoma, cervix) 
LED-Ti (carcinoma, cervix) 
JHC (placenta) 
JHT (tumor formed by JHC) 
OE (endometrium) 

AV, (amnion) 
A V  (=  CCL21) 

AV, (103) 
AV, (F-49-1) 
WISH (amnion) 9 
WISH (=  CCL25) 

T-9 (transformed 
normal diploid, W138) 9 

A 0  (amnion)d 
FL  ( =CCL62) (amnion) 
FLA [probably FL; 

see (YO)1 
CaOV (carcinoma, ovary) 
HBT-3 (carcinoma, breast) 

G-1 1 (HBT3 derivative) 
HBT-E ( 1 6 ~ .  clone of 

HBT-3) 

60 

42 

44 
38 

3Y 
30 

87 

ATCC via A. Daitch 
A. Mukerjee 
V. Klement from Flow 

Labs., Inc 
G.  Gey 
Unlistedh 

Four individuals, 
unlisted 

GIBCO 
N. Differante 
Flow Labs., l n ~ . ~  
IMR 
Johns Hopkins" 
Academy of Medicine 

and Science, Moscow 
Academy of Medicine 

and Science, Leningrad 
W. Munyon 
Unlistedc 
Unlisted 
ATCC 
ATCC 
G. Nette from F. Robbins 
Unlistedf 
L. Levintow" 

[see (85)] 
M. Griffin via 

G. Melnykovych 
K. Kajievara via 

G. Melnykovych 
R. Brown 
R. Wallace 
J.  Y.  Chou 
J. Cho via J. W.-Peng 
The originators 

[see (51)l 
P. DiSaia via 

L. Milewich 
Unlistedi' 
ATCC'' 

I. Keydar from ATCC 
P. Peebleh from ATCC 
Individual. unhhted 
ATCC 

J .  G.  Andzaparidze 

A. 0.Bykovsky 
ATCC 
Unlisted' 

N .  P. Maz~~renko 
P. Arnstein from 

R. Bassin 
M. Lippmang 
R. Bassing 

IY, YO, 91, 
Y2 

4 

IY, YO. 
Yl, Y2 

4 

- ----- 
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Table 1 (cont~nued). 

Designation 

-

HBT-39b (carc~noma, 
breaht) (clone 6) 

BrCA 5 (carc~norna, breaht) 
ElCo (carc~noma, breaht) 
SH-2 (carc~noma, breaht) 

SH-3 (carcinoma, breast) 

BT-20 (carcinoma, breast) 

Det30A (carcinoma. 
breast, ascitic fluid) 

KB (carcinoma, oral)d 
KB (=CCL17) 

H. Ep.-2 (carcinoma, larynx) d 
H. Ep.-2 (=CCL23) 

H. Ep.-2 (clone) 

Cave (carcinoma, stornach) 

Minnesota E E  (esoph- 


ageal epithelium) d 
Minnesota E E  (= CCL4) 

Intestine 407 Qejunum, 
ileum) ( =CCL6) 

Intestine 407 
Intestine 407 ( = HE1=CCL6) 
CMP (adenocarcinoma, 

rectum) d I! 
CMPII C2d 

Chang liver (liver) 

Chang liver (= CCL13) 


Chang liver ( =CLL 74) 

Chang liver 


Det6 (sternal n1arrow)d 


De16 (=CCL3) 

Det6 (clone 12) (=CC1,3.1) 

Det6 (= CCL3) 


Detroit 98 ( = CCLlR) 
(sternal marrow)d 

Detroit 98s ( =CCLIR. I) 
Detroit 98/AG 

( zCCL18.2) 
Detroit 98lAH-2 

(=CCL18.3) 

- - -- - -

Lack of 

Refer-
ence 

Source of cells 
for study 

G6I'D 
type A'; 

PGMl 
type I 

Y chro-
lnobome 

by 
band~ng 

- -  - - -

P. Arnstein from I I 
E. Plata 

E. Miller 78 
R. Patilld 26, 6Y 
The originators 52 

[sce (52)l 
C;. Sernan via R.  Miller 
TI-~eorigir~alors 52, 73 

[see (52)J 
G. Semaa via R. Miller 
M. Lippnian via 95, 133 

R. W. KuddonT 
W. 1). Peterson, Jr. I1 

Unlisted" 19, 90 
ATCC' 5 ,  11, 21, 

23, 68, 69 
S. Mak 20 
V. Kleinent fiom MBA 2 1 
H. Sussman 26 
F. Priori 26 
Flow Labs., Inc.' 68, 69 
Corn~nercial, unlisted 4 
unlisted" IY 
ATCC"' 5 ,  11, 21, 

23. 68 
Individual, unlisted 4 
P. Dent 20 
V. Klement from MBA 2 I 
M. Webber 26 
K. McCormick 
Cornmerci:~l, unlisted 
Flow Labs., Inc.' 68, 69 
Unlisted" Y0 
K. V.  Ilyin 22 
Unlisted (two cultures) 
Individual, unlisted 4 

ATCC 4, 5 ,  11, 
23 

ATCC 5 ,  23, 24 

Cornmercial, unlisted 4 
G. Spahn from ATCC 26 
Unlisted 5 

11. Rounds via 26 
J .  Kirn 

Unlistedt' I9 
K ~ C C '  4, 5 ,  23, 

69 
R. Changg." 26, 86 
F. Deinhardtl' Y5 
Individual, unlisted 4 
LJrllistedh 
Commercial 4 
ATCC 5 ,  23 
ATCC 23 
Child Research Center I I 

of Michigan or ATCC 
[hee (I2)J 

Academy of Medicine 
and Science. Leningrad 

ATCC 4, 5 ,  23 

Unlistedq Y0 
ATCC 23 
ATCC 23 

ATCC 23 

Bandcd 
marker 

chromo-
borne3 
(1, 8) 

I 

78 
26,71 

261, 71 

261, 71 
95, 133 

26 

1Y 
15, 24 

20 

26 
26 
79 
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- -  - ---- - - -- 
Table I (continued). 

Lack of Banded 
Y chro- marker 

Designation 
Refer- Source of cells G6PD PGM l mo5ome chromo-ence for study type A* type I 

by \omes 
banding (1. 8) 

-.. .- - ---- ~ -- - - .. - --- - -- -- --- --- --

Detroit 98lAHR 23 ATCC 23 24 24 
(=CCL18.4) 

596 (leukemic blood) Y 40 T.  A. Bektemirov -77- 22 22 
J l  I1 (monocytic 41 Commercial, unlisted 4 4 

leukemia) Y (C =CCL24) 
Flow Labs., Inc.' 68, 6Y 68, 6Y 
Unlisted" 
ATCC 5, 23, 68 5 24 24, 72 

ESP, (Burkitt 53 P. Price from 26 26 26 
lymphoma, American)d E. Priori 

E .  Priori 26 26 26 
L-132 ( =CCLS) (lung) 28 ATCC 5, 23 5 24 24 
L-132 (G-38-7) P. Peebles from ATCC 26 26 26 
LU (fetal lung) 94 Unlisted" YO 90 
LU 106 (embryonic lung)d 80 Unlisted 79 
2563 ( =MAC-21) (car- 88 R. Akeson" 86 86 86 86 

cinoma, lung) d 
HuK"39 (kidney) M. J.  Colston 95 95 95 
T-1 (kidney)6 70 Five separate cultures: I00 100 100 100 

J.  van der Veen, G.  W. 
Barendsen, P. Todd, 
E.  A. Blakcly, M. R. 
kaju' 

HEK (kidney) 32 Commercial, unlisted 4 4 
J .  Rhim from I I I 

C. Pfizer Inc. 
C. Pfizer, Inc. I I I 

HEKIHRV (HEK, virus 33 S. Aaronson 26 I 26 
transformed) 

KT4 (carcinoma, bladder) 6 36 J. Leighton via N. Abazal I I I 
MA 160 (prostate) 34 The originators (see (34)j 34# 

P. Price, MBAg 1, 86 86 I ,  86 1, 86 
M. Vincent. MBA 12 I 2  2 7 

Prostate ( =MA160) Unlisted 5 5 
KP-P, (carcinoma, 45 P. Lee via 26 26 , 26 

prostate) M. Glovsky 
EB33 (carcinoma, 54 F. Schroeder 26 26 26 

prostate) 
D18T (synovial cell) 55 D. A. Peterson 26 26 26 
M l0T (synovial cell) 55 D. A. Peterson 26 26 26 
SA4 (TxS-HuSa,) (lipo- 35 C. Pfizer, Inc. I I I 

sarcoma)d 
SA4 d D. Morton'" 
DAPT (astrocytoma, piloid) d 43 A. 0. Bykovsky 22 22 22 
Girardi heart ( =CCL27) 61 A T C C ~  4, 5, 23 4, 5 24 24 

(heart)& 
TuWi (=CCL31) 62 ATCC 23 24 24 
Wong-Kilbourne 63 ATCC 23 24 24 

(=  CCL20.2) (conjunctiva) 
Hut (tissue not Neither reference 6Y 69 

specified) nor source 
listed; [see (6Y)lt 

F255A4 (tissue not Neither reference 6Y 6Y 
specified) nor source 

listed; [see (691' 
EUE (fetal subcutis) 96 Unlisted" Y0 Y0 
NCTC2544 (=CCL19) 5Y ATCC 4, 5, 11, 4, 5 12, 24 24 

(skin epithelium)d 23 
NCTC3075 (=CCL19.1)6 59 ATCC 23 24 24 
-- -~ - . ---- ~ -- -- .. - -.- ~ - -- --. -~ -- ~- - -~ -- -~ ~ - - -
*Type A mobility for G6PD has been shown for all cultures in this list. However. to our knowledge, type B was reported only oncc (3). for cultures designated Detroit 
6, Detroit 6 (clone 12), and Chang liver, all obtained from the ATCC. +Locus not indicated. presumably PGMI. SKaryotypes of banded chromosomes sent to 
us by the investigator (source) for study. $As discussed in (65). the work of Sinha and Pathak (64)on HeLa and H.Ep.-2 cells does not make it clear whether the 
authors consider these cells to be of separate origin or both derived from HeLa. Nevertheless. this work is unique in that 4.5 percent of H.Ep.-2 cells exhibited a Y 
chromosome. No other record of presence of Y is known in the cells except as mentioned for MA160 [see (34) and footnote #]. 11;. Kasten. personal 
communication (1075). indicated that CMP had been derived from adenocarcinoma of the colon. ?!As indicated (651, bona tide BT-20 cells exist; the same is true 
forRT4cells (2). #The original publication stated that a Y chromosome was observed in cells at passage 10, but was not seen banded (12.27)at earlier or later pas- 
sages. "For PGM3, ESD, GLOI. ADA, PGD, and CEPD, see (68, 69. 86). HLA results by method number I, see (7). hFor all enzymes except AKI, see (6,
9&92). HLA results by method number 2 , ~ e e  (97). For PGM3. ESD, GLOI, ADA, PGD, and PEPD, see (68, 69). "For ADA, PGD, ACPI. AKI, and HLA 
results.by method number 2, see (89). For all enzymes except GLOI, MEM. ACONS, PEPD, and a-GLUC, sty (90). 'For all enzymes except ESD. GLOI, 
ACONS, PEPD, a-GLUC, and AKI, see (90). gFor PGM3. ESD, GLOI. ADA. PGD, and PEPD, see (86). For PGM3, see (6),, 'For PGM2, PGM3, and 
GOTM. see (YO). 'The same enzymes as in footnote c, see only (69). kThe same enzymes as in lbotnotes e and h, see (6 ,  YO). The same enzymes and HLA 
results as in lbotnote d, but only see ( 7 ,68, 69). '"HLA results by method number I, see (7). "For enzymes PGM2, PGM3. ESD. GOTM, PEPA, and PEPC, see 
(90). "HLA results by method number 3, see (95). PThe same enzymes as in footnote g, see (951, and HLA as in footnote o. "For all enzymes except,MEM, 
YEPD, a-GLUC, and AK1, see (YO).Eleven enzyme phenotypes in addition to those cited here were examined Ibr a culture of D08 ( :Detroit 98). see (YO). For a11 
enzymes except ESD. GLOI. MEM, ACONS. PEPD, a-GLUC, and ACPI, see (90). Same enzymes as in footnote y ,  see (/Of)),and HLA a\ in footnote o ,  see 
(100). 'For PGM3. ESD, GLOI, ADA. and PEPD, see (69). "For all enzymes except ESD. GLOI. MEM. ACONS. PEPD, a-GLUC, and ACPI. see (YO). 
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'3 Table 

Desig-	 Donor or  tissue 
Kcfcrencc 	 Actual characteristic Methods of determination nation 	 characteristic 

.- - - ----	 - - - ---- -- - - - ---- - -- - - - - --- -- -- -- - - - -- - - - - ~- ~ ~ ~ - - -~ -- -

TDL- I 110 Non-neoplastic tonsils, P3JHR-I, Hurkitt lym- Chromosome banding. HLA antigen 
lymphoid, ii phorna, d (111) 	 typing, growth characteristics, 

turnorigenicity, expression of 
Epstein-Barr virus antigen and surface 
nlcnlbi.anc immunoglobulins (112) 

Same a\ above, 9 Same 
Same as above, d KPMI 1788, lymphoblas- 

toid cell, normal donor, ti 
Sarne a s  above, 9 Raji, Burkitt lymphoma, 

(i (113) 
Raji I I 3  PGD type unknown PGD types A and C recorded I s o e n ~ y m e  electrophoresis (68)" 
ER-3 114 G6PD type unknown G6PD types A and B recorded I s o e n ~ y m e  electrophoresis (68)* 
Hs852 115 PGM3 and ESD types PGM3 types 2 and 1-2 I s o e n ~ y m c  electrophoresis (68) 
Hs852L unknown and ESD types I and I-

2. respectively, at two 
different passage levels 

Individually derived All identical to two scpa- Chrornosorne banding and i s o c n ~ y m e  
frorn six different tu- rate tumor lines (SW-480 clectrophoresis (104, I05)i  
mors in six different and SW-620) from colon 
patients adenocarcinorna of the 

same individual, d (105)t 

129 Hodgkin's disease Neither the patient nor the Indistinct histogencsis, lack of sur- 
spleen cells 	 cells exhibit Hodgkin's face receptors of macrophages, 

disease or  turnor cell o r  lack of l y s o ~ y m c  production (131) 
macrophage characteris- 
tics (131) 

A series of 71 (see M. Mammary carcinorna All cultures the same, do- Chronlosome banding, enrynle 
cultures Fraccaro nor unknown. G6PD electrophoresis 

in discussion) "different from A and H" 
~ -~ - - . .  - - ~ ~ - . ~ - - -	- ~- - - - - - - -

'O'Brien c /  01. (68)state that their stock of Kaji exhibited PGD type C mobility, whereas a culture wa\ scored a \  A by H. Harris. and that their stock of EH-3, anothef 
Burkitt lymphoma line, was G6PD-A, while that of Harri\ wa\ GbPD-B. This indicates a likely contamination problem involv~ng these two cell lines. 'The donors 
phenotypes are unknown. tC- and Q-handed Y-like chromoso~nes were noted in 4 to 5 percent of the SW-480 cell\, hut not in any other culture (10.5). 

Inter5pecles cell l ~ n c  contam~natlon. 

Source 
Designation Reference - -- - -- - Method of determination 


Purported Actual 

.- - -- -- - --- - -~ 	 - - - - - - - -- - - -- - - - . - - - - -

GPS-PDI! and I06 Guinea pig spleen. Mouse, L-M strain of L Serologic and karyologic 
GSP-M adult cells (109) (conventional staining) (106) 

Suitor's clone of 116 Mosquito Moth. Grace's Antho.- Immunologic, karyologic and 
Acdrs ucgypri oc.o c,rrc,trlypti (1 17) isoenzyrne electrophoresis (116) 

Culi.situ inor- Mosquito Sa111e as above 
nutu 

Ardes ~~r.xun.c Mosquito Sarne as above 
LT- I 118 Grass frog renal ad- Contaminated with two Chromosornc analysis, iso- 

enocarcinoma 	 dif'erent cells: TH, e n ~ y m eelcctrophoresis (121) 
box turtle heart (119) 
and FHM, fat head 
minnow (1170) 

CHH 122 Human, astrocyto- Rat, has some character- Chromosome analysis, iso- 
ma istics of glial cells; not enLynle electrophoresis (124) 

C-6 strain (123) 
HRC 125 Murnan, invasive Rat, altcl-cd Chrornosomc banding, iso- 


duct cell carcino- enymre electrophoresis, 

ma, breast immunofiuorescencc (78) 


HEL-R66 126 Human Monkey, Cerc,opitkec.rrs Chronlosonle banding, iso- 
uc,t/riop.s (127) enzyme clectrophorcsis, 

in~munofiuorescence (128) 
FQ 129 Human, Hodgkin's Owl monkey, Aotrrs tri- Chrornosorne banding, iso- 
SPR spleen cells virgutrrs, kidney cell enzyme electrophoresis (131) 
KB line, OMK-2 LO (130) 
CaMa (clone 15) 62, 6 7  Human, carcinoma, Syrian hamster, Meso- Chromosome banding iso- 

breast cric.rtu.s clrrrtrt~ts (95)': e n ~ y n l e  electrophoresis, 

irnmunofluorescencc (95) 


McCoy (1968) See note added in proof; Human Mouse, strain L Conventional 

S.  M. McConncll karyology (95) 


McCoy (1981) K. W. Eimmons Human Mouse, strain L t  Chrornosone analysis, 

from J. Schacter in~munofluorescence (95) 


McCoy's RA 	 P.  Price, from Dr. Wong, Human Mouse, strain L Chromosome analysis, 
(1981) from D. Alexander immunofluorcscence (95) 

- - - - ~ - - - - - - - - ~ ~ -- - -~ ~- . ~- - ~~- . - - - -- -~ - -
~ 

*CaMa, not to be mistaken with Cama 1 (102) has been suspected by us of being HcLa. Cells of the original culture arc not available. In the present situation a "paren-
tal" culture, wa, thought to be that of Syrian hamstcr whereas two ,ubstrains were clearly of mitrlne origin as shown by chromosome and isoenzyme results IS. P o v c ~  
in communication to M. Green (67)] .  t N .  J .  Schmidt indicated that while the,e cell, are said to be hum;in they are po\itive for murine cells by fluore,cent antibody 
tests (139). 



with Burkitt's lymphoma. The stock of 
EB-3 (CCL85) of the ATCC is type A 
(109), the donor's genotype, however, is 
not known. 

In Table 2 we list this and other exam-
ples of non-HeLa cell contamination of 
human cells. The G6PD pattern for the 
'TDL cells is not known, but results of 
techniques such as HLA-A and -B phe-
notyping, detection of the presence or 
absence of Epstein-Barr virus (EBV) 
antigens, and distinction of surface mem-
brane immunoglobulins serve to identify 
and thus detect cross-contamination in-
volving lymphoid cells. There are a few 
reports of cross-contamination involving 
the type B phenotype for G6PD (68, 
105): for example, in one instance a 
discrepancy was detected between an 
early- and late-passage culture of a mela-
noma-derived line Hs852, and in another 
case six independently derived lines ini-
tiated from solid tumors were found to 
be identical to each other, probably be-
cause they were contaminated by an 
additional line started in the same labora-
tory. 

In l'able 3 we summarize a number of 
interspecies contaminations, providing 
specific information on the characteris-
tics of the particular cells. Although 
most documented cases of contamina-
tion involve entire cultures with the 
same contaminating cells, instances of 
mixed-cell populations persisting in a 
stock have been reported (134). We cite 
two exampies. In one, grass frog cells 
(LT-1) were supplanted by box turtle 
heart (TH) cells and fat head minnow 
(FHM) cells. In the second, which in-
volved a mishap in production of stock 
cultures (not listed in Table 3), a male 
muntjak cell line was contaminated by 
rat cells and the two lines continued to 
grow side by side. In this instance the 
karyotypic differences were so pro-
nounced that further testing was unnec-
essary [see (71, figure 36)). 

We have cited only major instances of 
cell cross-contamination, but it must be 
emphasized that such events occur quite 
frequently. Undoubtedly many cases go 
unnoticed or are detected instantly, and 
corrected, in the course of experimenta-
tion. The frequency of intra- and inter-
species contamination events can be sur-
mised from four vublications that oRer 
resumes of experiences with cultures 
submitted specifically for monitoring 
tests (69, 71, 78, 134). 

The risk of contamination or over-
growth of cultures by unrelated cells is a 
potential and often recurring problem 
where cells are grown and studied. With 
relatively simple techniques, however, 
and a continuing program of monitoring 
for cell line purity, one can be assured 

of working with bona fide cell cultures. 
Note rrddrd in proof  In 1968we exam-

ined a culture designated "McCoy," 
presumably derived from human synovi-
a1 cells (135), and determined that the 
cells were of mouse origin and probably 
strain "L" (Table 3). This confirmed an 
earlier report (136). No known reference 
exists to either the initiation or originator 
of this culture, and while it is believed to 
have been initiated by C. M. Pomerat, 
who perhaps grew the cells on McCoy's 
medium, it was not initiated by 'T. Mc-
Coy (139. These cells, often thought to 
be human in origin, are being widely 
distributed, in part because they are used 
for propagating the pathogen Chlrrrnydiu 
trachomc~tis('Table 3). It is suggested 
that bona fide "L" cells of known mu-
rine origin be tised for this purpose be-
cause they grow the pathogen equally 
well (138)and would not perpetuate the 
disper5al of unknown cell sub5trates. 
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Epstein-Barr Viral DNA: Infectivity for Human Placental Cells 

Abstract. PuriJied DNA of Epstein-Burr virus (EBV) is regularly infectious by 
means of the "calcium" method of transfiction. Cultured human pl~icent~il cells 
e,xposed to EBV DNA cf two transforming strains, FF41 and BY.5, produce virus that 
is cupuble of converting normal B lymphocytes into established cell lines. After 
treatment with EBV (FF41) DNA and EBV (IfR-1)DNA the placental cells display 
antig~ns associated with the productive viral cycle. The placental cells have not 
develop~dfoci or other signs o f  morphologic transformation. 

Epstein-Barr virus (EBV), a human 
lymphotropic herpesvirus, is the cause 
of infectious mononucleosis and has 
been implicated in the etiology of three 
human cancers, nasopharyngeal carcino- 
ma, Burkitt lymphoma, and immuno-
blastic lymphoma. The biologic behavior 
of the virus has been studied mainly in 
lymphocytes. Nearly all strains of EBV 
are capable of converting normal B lym- 
phocytes of man and certain species of 
nonhuman primates into continuous (im- 
mortalized) cell lines (1). One exception- 
a1 nontransforming strain of the virus, 
called P3HR-I, undergoes an abortive 
cycle of replication in certain established 
lymphoblastoid cell lines of B cell origin 
(2, 2a). Since only a small fraction of 
transformed human B lymphocytes per- 
mits viral replication, and since there is 
no fully permissive cell, it has been diffi- 
cult to  analyze the viral replicative cycle 
o r  to  derive viral mutants. Until now the 
principal way to propagate the virus was 
to  	 "immortalize" marmoset cells, a 
process that requires several weeks to 

ln s f . 37, 547 (1966). months. Virus can then be harvested 
Zajac, G. Henle, W. Henle, J .  Nor[, c~~~~~~ 
M. A. Epstein and Y. M. Ban. Loncrt 1964-1, 
252 (1964). 	 from supernatant fluids of continuous 
A. A. Creasey, H. S. Smith, A. J. Hackett, K. 
Fukuyarna, W. L,  Epstein, S, H, Madin, marmoset lymphoid cells which are more 
Vitro 15, 342 (1979). permissive of viral replication than com- 
A. E. Greene, J .  Charney, W. W. Nichols, L. 
L.  Coriell, ibid. 7, 313 (1972). parable human cells (3, 4). 
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The tropism of EBV for lymphocytes 
is apparently related at  least in part to a 
virus "receptor" present on B cells (5). 
The host range of EBV can be enlarged if 
the usual mechanism of entry by the 
virus is bypassed (6). Microinjection of 
the DNA of the cytolytic EBV variant, 
P3HR-I, leads to  viral "early antigen" 
expression in human and rat fibroblasts 
and monkey kidney cells. Implantation 
of B lymphocyte membranes by the 
process of membrane fusion has recently 
been shown to allow EBV t o  enter mu- 
rine cells and T lymphocytes; the 
genome is expressed in such cells be- 
cause they contain viral encoded anti- 
gens (6). Thus far, the only nonlymphoid 
cells in which infectious EBV has been 
propagated in the laboratory are malig- 
nant epithelial cells of nasopharyngeal 
carcinoma that have been passaged in 
nude mice (4). There has been no evi- 
dence that mature virus will replicate in a 
monolayer culture of uninfected normal 
fibroblastic cells, o r  that the viral DNA 
is infectious when conventional transfec- 
tion methods are  used. 

For  the experiments described here 
we chose human placental cells because 
we had found (7)that they were suscepti- 
ble to transfection with the DNA's of 
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