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T h e M H C - e n c o d e d class II or Ia antigens are highly polymorphic glycoproteins
consisting o f a h e t e r o d i m e r i c structure with an o~ subunit o f 3 3 - 3 6 , 0 0 0 kD and
a 8 subunit o f 2 4 - 2 8 , 0 0 0 kD (1). T h e y play an i m p o r t a n t role in the homeostasis
o f the i m m u n e system (2).
In man t h e r e are at least three class II genetic subregions designated DP, DQ,
DR, each encoding distinct a//3 h e t e r o d i m e r s (1, 3, 4).
Control o f Ia antigen expression at the cell surface, in addition to polymorphism and heterogeneity, influences the role o f class II antigens in the regulation
o f the i m m u n e response (5).
We recently described a h u m a n B cell variant, RJ 2.2.5, derived from Raji
cells after mutagenesis and immunoselection with anti-Ia mAb (6). T h e RJ 2.2.5
cells express none o f the class II antigens (6), as shown by a lack o f specific class
II m R N A s (7, 8). T h e class II-positive p h e n o t y p e o f RJ 2.2.5 cells can be restored
in somatic cell hybrids between this variant and mouse B l y m p h o m a cells (8) or
mouse spleen cells (9). Phenotypic and structural studies have indicated that in
these hybrids a mouse factor, unlinked to MHC products, is acting as an activator
that positively regulates the expression o f both mouse and man class II genes (9).
Karyotypic analysis and segregation studies in an informative family o f hybrids
have now p e r m i t t e d us to assign the locus o f this trans-acting activator for class
II genes to mouse c h r o m o s o m e 16.
Materials and Methods
Somatic Cell Hybrids. In previous reports, we have described the derivation of the RJ
2.2.5 Ia- variant (6) and of RJ 2.2.5 x mouse spleen cell hybrids (9) used in this study.
Selection of the hybrids on the basis of the presence or absence of a relevant MHC antigen
on the cell surface was carried out on a FACS II (Becton Dickinson Immunocytometry
Systems, Mountain View, Ca) after indirect immunofluorescence staining of the cells with
specific mAbs (see legend to Fig. 1), as reported (9).
Karyotype Analysis. The karyotype of the various cell lines described in this study was
analyzed after metaphase chromosome preparation and staining by G-banding following
standard procedures.
DNA Analysis. Genomic DNA from the various cell lines was extracted as described
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previously (8). After digestion with Hind III, the DNA was separated on a 0.7% agarose
gel, transferred to Gene Screen Plus hybridization transfer membranes (Amersham Corp.,
Buckinghamshire, United Kingdom), and hybridized with an c~-[32p]dNTP-labeled mouse
Vkl probe, pc Vkl, derived from the genomic VM clone described in reference ! 1, and
kindly donated by Dr. S. Weiss (Basel Institute for hnmunology, Switzerland). The filters
were washed in stringent conditions according to the specification of the manufacturers,
and they were exposed to X-OMAT Kodak films for 10 d at -80°C.
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Results a n d Discussion
To assign the locus encoding the trans-acting factor (activator of immune
response genes-locus 1 lair-l]) to a specific mouse chromosome we selected a
series of RJ 2.2.5 × mouse spleen cell hybrids (9) with specified phenotypic
characteristics. In one clone, designated A2-2.4 c.6 (similar to clone c.9 in
reference 9), human HLA class I (A,B,C) antigens were expressed in 100% of
the cells; human class II antigens of the DR subset were expressed in 90% of the
cells. In a second class II subset, the DQ antigen was expressed in 87% of the
cells (data not shown). Mouse H-2 class I (H-2K) and class II (I-A) antigens were
expressed in 50% of the cells (see Fig. 1A).
A2-2.4 c.6 cells had a modal chromosome number of 93-94. A pseudotetraploidy of the human genome was found, with a number of chromosomes ranging
between 91 and 93. The parental RJ 2.2.5 human Ia- cells presented a chromosome number of 46, with various chromosome abnormalities including t(8; 14)
and trisomy 7 (data not shown), frequently found in human Burkitt lymphoma
lines (10). The human pseudotetraploidy of A2.2-4 c.6 probably arose by an
accidental tri-parental mating, as suggested by the fact that all clones derived
from the hybrid A2 exhibited similar human chromosome complement. Analysis
of a large number of metaphases of A2-2.4 c.6 cells (see Fig. 1) revealed the
presence of two mouse chromosomes, namely the 17 and a second chromosome,
which by cytogenetic characteristics was identical to mouse chromosome 16
except for a small deletion of part of its distal region (band C3 and probably part
of C2 and C4) (see Fig. 1 B, top). The assignment was confirmed by Southern
blot hybridization with a probe specific for the V3,1 Ig gene (11) located on
mouse chromosome 16 (12, see below). Karyotyping of A2-2.4 c.6 cells showed
that mouse chromosome 17 was present in 50% of the metaphases analyzed, in
agreement with the proportion of cells actually displaying mouse MHC class I
antigens on the cell surface. Mouse chromosome 16 was found in 86% of the
metapbases analyzed, in agreement with the proportion of cells reexpressing
human class II antigens in the clone hybrid. These results suggested that the
presence of mouse chromosome 16 correlated with the presence of the class II
gene-activator trans-acting factor. To better demonstrate this point, we used the
FACS to separate the A2-2.4 c.6 population into two fractions on the basis of a
DR + and DR- phenotype, respectively. The cells from each fraction were first
expanded by in vitro culture and then karyotyped. The results of such analysis
are reported in Fig. 1. At the time of karyotyping the DR+-selected cells expressed
the following cell surface MHC phenotypes: HLA, A,B,C, 100%; DR, 91%; H2K, 23%; I-A, 25%. Accordingly, mouse chromosome 16 was present in 92%
and mouse chromosome 17 in 24% of the metaphases analyzed. DR--selected
cells expressed the following cell surface MHC phenotypes: HLA A,B,C, 100%;
DR, 2%; H-2K, 13%. Accordingly, mouse chromosome 16 was present in 3%
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and mouse chromosome 17 in 11% of the metaphases analyzed. These results
were further corroborated by DNA analysis of the two distinct hybrid populations. Hybridization with the mouse V?,I probe was clearly positive with the
DR+-selected cells (Fig. 2b), whereas no hybridization was observed with the
DR--selected cells (Fig. 2c). Therefore, segregation of mouse chromosome 16
was accompanied by the loss of reexpressibility of human class I! genes in the
A2-2.4 c.6 hybrid.
The association of mouse chromosome 16 with the reexpressibility of the
human class II genes was further documented by the analysis of two other clones,
one of which, A2-KD, was derived from the same original A2 hybrid (9) after
selection for H-2K + cells and further cloning by limiting dilution technique; the
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FIGURE 1. (A) MHC phenotype and corresponding mouse chromosomes found in informative RJ 2.2.5 x mouse spleen cell hybrids. The MHC phenotype of the hybrids listed on the
top of each panel was assessed by indirect immunofluorescence with specific mAbs and FACS.
(a) HLA-A,B,C (mAb B9.12.1 [14]); (b) DR (mAb D l - 1 2 [3]); (c) H-2K (mAb S13.11 [15]);
(d) I-A (mAb 25.9.17 [16]). Results are expressed as percent positive cells (ordinate). For each
hybrid 40-60 metaphases were analyzed and the number of metaphases with the specific
mouse chromosomes (16, 17, and 3) listed on the abscissa was expressed as percent of the total
number analyzed (ordinate). (B) Aspect of metaphase mouse chromosomes 16, 17, and 3 (Gbanding) as found in the various hybrids analyzed in this study. When present (see A), the
chromosome 16 in A2-derived hybrids (upper panel) presented a small deletion (arrow) of the
distal region (band C3, and probably part of C2 and C4), in contrast to the canonic chromosome
16 found in H4-derived hybrids (lower panel). A schematic representation of mouse chromosome 16 is also reported in both panels for comparison.
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second clone, designated H4, originated from a distinct hybrid selected early
after fusion of RJ 2.2.5 and mouse spleen cells. Interestingly, the A2-KD clone
did not express either human or mouse class II gene products, although human
class I was expressed in 100% of the cells and mouse H-2K in 74% of the cells
(Fig. 1 a).
Karyotype analysis of A2-KD clone revealed the presence of a single mouse
chromosome, namely chromosome 17 (Fig. 1, A and B), in 76% of the cells; it
also revealed the pseudotetraploidy of human chromosomes already observed
for the A2-2.4 c.6 hybrid cells. As expected, Southern blot hybridization experiments revealed no hybridization of the probe containing the V~I gene with
DNA prepared from A2-KD cloned cells (Fig. 2 d).
The second hybrid, namely H4, displayed an MHC cell surface phenotype
consisting of: HLA-A,B,C, 100%; DR, 42%; H-2K, 1%; I-A, 1% (data not shown).
As for A2.2-4 c.6 hybrid, H4 cells were selected with the FACS on the basis of
DR + and DR- phenotype, and then karyotyped. Interestingly, both H4 populations had the same human ploidy as RJ 2.2.5 cells (46 chromosomes, data not
shown). Two mouse chromosomes were detectable by karyotyping, the 16 and
the 3 (Fig. 1, A and B, bottom). In contrast to A2-derived hybrids, a canonic
mouse chromosome 16 was present in the H4 hybrid. The presence of mouse
chromosome 3 correlated with the ouabain-resistance selection (13) originally
adopted to select for hybrids after RJ 2.2.5 × mouse spleen cell fusion (9). In
the DR + (85%) population, chromosome 16 was present in 89% and chromosome
3 in 70% of the metaphases analyzed. In the DR- population, chromosome 16
was never found, whereas chromosome 3 was found in 30% of the metaphases
analyzed (Fig. 1A). These results confirmed the exclusive association of the
human Ia + phenotype with the presence of mouse chromosome 16.
Taken together, the results presented in this report show that the presence of
a single copy of mouse chromosome 16 in RJ 2.2.5 x mouse spleen cell hybrids
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FIGURE 2. Presence o f a mouse c h r o m o s o m e 16 marker in various hybrids and parental cell
lines as detected by Southern blot hybridization with an Ig V M probe. (a) RJ 2.2.5 DNA; (b)
DNA from a FACS-enriched DR + population from A2-2.4 c.6 presenting c h r o m o s o m e 16 in
its karyotype; (c) DNA from a FACS-enriched D R - population from A2-2.4 c.6 not containing
c h r o m o s o m e 16 in its karyotype; (d) DNA from A2-KD, a D R - derivative o f A2; (e) DNA
from M 12,4.1, a mouse B cell lymphoma line.
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Summary
RJ 2.2.5 is a human B cell line that has lost the capacity to express MHC class
II genes. The human class II-positive phenotype is restored in somatic cell
hybrids between RJ 2.2.5 and mouse spleen cells.
By karyotype and molecular studies of an informative family of hybrids we
have now shown that the reexpression of human class II gene products, as well
as the maintenance of the mouse class II-positive phenotype, correlates with the
presence of mouse chromosome 1(5. Thus, the existence on this mouse chromosome of a newly found locus, designated by us Mr-l, that determines a transacting activator function for class II gene expression, is established. Possible
implications of this finding are discussed.
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is a necessary and sufficient condition to allow expression of both mouse and
human class II genes. We establish the existence of a newly found locus, air-l,
that is located in this chromosome and determines a trans-acting activator
function. Within this frame, the class II-negative phenotype in RJ 2.2.5 cells
may thus be interpreted as originating from a lesion in the human equivalent of
the air-1 locus coding for, or affecting the expression of, the trans-acting
regulatory factor.
The fact that a recessive lesion in a seemingly autosomal locus could be
expressed in RJ 2.2.5 cells suggests either that these cells carry a double mutation
at the alr-I locus-equivalent or that only one allele of this regulatory gene is
normally functional in B cells. In the latter case, the other copy of the gene
might be kept silent by allelic exclusion or a similar mechanism. In the former
case, the two mutations could be cogenerated at the same time when Raji cells
were mutagenized to obtain the RJ 2.2.5 variant (6), or alternatively, Raft cells
used for mutagenesis could contain only one functional copy of the regulatory
locus because of a previous independent mutational event that removed or
inactivated one of the two alleles. The occurrence of chromosomal rearrangements in Burkitt lymphomas (10) may have some bearing on this point. The
possibility that a gene dosage mechanism may be responsible for the phenotype
of RJ 2.2.5 cells seems less likely in view of the fact that, as proven by karyotype
analysis, one copy of chromosome 16 was sufficient to allow reexpression of both
mouse and human class II genes.
The discovery of the alr-1 locus and its assignment to mouse chromosome 16
will stimulate further efforts to isolate and clone the corresponding gene. This
will in turn permit a biochemical characterization of the gene product and a
detailed analysis of its mode of action. Moreover, the assessment of the role of
this trans-acting factor in the developmental regulation of the expression of class
II genes and of its influence on the functions mediated by class II gene products
will be greatly facilitated.

374

ACCOLLA ET AL.

BRIEF DEFINITIVE REPORT

References

Downloaded from http://rupress.org/jem/article-pdf/164/1/369/1096199/369.pdf by guest on 04 December 2022

1. Giles, R. C., andJ. D. Capra. 1985. Structure, function and genetics of human class
II molecules. Adv. lmmunol. 37:1.
2. Benacerraf, B. 1981. Cellular interactions. In The Role of Major Histocompatibility
Complex in Immunobiology. M. E. Dorf, editor. Garland STMP Press, New York.
255.
3. Accolla, R. S. 1984. Analysis of the structural heterogeneity and polymorphism of
human Ia antigens. Four distinct subsets of molecules are coexpressed in the la pool
of both DR 1,1 homozygous and DR 3,W6 heterozygous B cell lines. J. Exp. Med.
159:378.
4. Korman, A J., j. M. Boss, T. Spies, R. Sorrentino, K. Okada, and J. L. Strominger.
1985. Genetic complexity and expression of human class II histocompatibility antigens. Immunol. Rev. 85:45.
5. Janeway, C. A., Jr, K. Bottomly, J. Babic, P.J. Conrad, S. Conzen, B. Jones, J. Kaye,
M. Katz, L. McVay, D. B. Murphy, andJ. P. Tite. 1984. Quantitative variation in la
antigen expression plays a central role in immune regulation. Immunol. Today. 5:99.
6. Accolla, R. S. 1983. Human B cell variants immunoselected against a single Ia antigen
subset have lost expression of several Ia antigen subsets. J. Exp. Med. 157:1053.
7. Long, E. O., B. Mach, and R. S. Accolla. 1984. Ia negative variants reveal a coordinate
regulation in the transcription of the HLA class II gene family. Immunogenetics,
19:349.
8. Accolla, R. S., G. Carra, andJ. Guardiola. 1985. Reactivation by a trans-acting factor
of human MHC-Ia gene expression in interspecies hybrids between an la-negative
human B-cell variant and an Ia-positive mouse B-cell lymphoma. Proc. Natl. Acad.
Sci. USA. 82:5145.
9. Accolla, R. S., L. Scarpellino, G. Carra, and J. Guardiola. 1985. Trans-acting element(s) operating across species barriers positively regulate expression of major
histocompatibility complex class II genes.J. Exp. Med. 162:1117.
10. Steel, C. M., M. A. Woodward, C. Davidson,J. Philipson, and E. Arthur. 1977. Nonrandom chromosome gains in human lymphoblastoid cell lines. Nature (Lond.).
270:349.
11. Bernard, O., N. Ozumi, and S. Tonegawa. 1978. Sequences of mouse immunoglobulin light chain genes before and after somatic changes. Cell. 15:1133.
12. D'Eustachio, P., A. L. M. Bothwell, T. K. Takaro, D. Baltimore, and F. H. Ruddle.
1981. Chromosomal location of structural genes encoding murine immunoglobulin
2, light chains. J. Exp. Med. 153:793.
13. Kozac, C. A., R. E. K. Fournier, L. A. Leinwand, and F. H. Ruddle. 1979. Assignment
of the gene governing cellular ouabain resistance to mus musculus chromosome 3
using human/mouse microcell hybrids. Biochem. Genet. 17:23.
14. Lemonnier, F. A., Rebaj, N., Le Bouteiller, P. P., Malissen, B., Caillol, D. H., and F.
M. Kourilsky. 1982. Epitopic analysis of detergent-solubilized HLA molecules by
solid-phase radioimmunoassay.J. Immunol. Methods. 54:9.
15. Tonkonogy, S. L., and D. B. Amos. 1981. Paired H2-specific monoclonal antibodies
react differently to red cells and lymphocytes. Immunogenetics. 14:497.
16. Ozato, K., and Sachs, D. H. 1981. Monoclonal antibodies to mouse MHC antigens.
III. Hybridoma antibodies reacting to antigens of the H-2 b haplotype reveal genetic
control of isotype expression. J. Immunol. 126:317.

