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Abstract

This study examined the effect exerted by 1,25-dihydroxyvitamjfIL25(OH),D;] and two vitamin D analogues, EB 1089 and KH
1060, on the proliferation of T lymphocytes obtained from ulcerative colitis (UC) patients and healthy controls. The proliferative responst
of T lymphocytes to phytohaemagglutinin treatment was first analyzed on days three, five, and seven of culture. Cell proliferation wa
significantly lower in UC patients than that observed in healthy controls. The highest proliferation value, in either controls or patients, wa
registered on day five of culture. On day seven, a decrease in proliferation occurred, less evident in patients with respect to controls, wher
on day three, controls and patients showed the same proliferation value. The response of T lymphocytes of either healthy controls or L
patients to 1,25(0OHP,, EB 1089, or KH 1060 was then investigated, treating the cells for three, five, and seven days with 10 nM vitamin
D derivatives. In the presence of these compounds, cell proliferation was significantly inhibited in both groups, but on day seven, th
inhibition of lymphocyte proliferation was remarkable in controls, whereas in patients it was similar to that registered on day five. The
highest inhibition values were always obtained in the presence of KH 1060, and the time dependence was continuous in controls, but in t
presence of EB 1089 only in patients. T lymphocytes prepared from healthy controls and UC patients were then cultured for five days
the presence of vitamin D derivatives at three different concentrations (0.1, 1, and 10 nM). In the two groups, a dose-dependent inhibitic
was registered in the presence of 1,25(¢)or EB 1089, while the inhibition of proliferation exerted by KH 1060 was not dose-
dependent. The results obtained suggest an option for the use of the two non-hypercalcemic vitamin D analogues in the therapy of |
patients, perhaps in association with other immunosuppressive drugs. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction the biological role of vitamin D [1,2]. 1,25(OH)5 has
been demonstrated to induce differentiation of both human
It has been widely demonstrated that the hormonal form and murine myeloid leukemia cell lines [3,4] and of mye-
of vitamin D;, 1,25(0OH)}Dg, is a regulator of mineral ab locytic precursors from human bone marrow [5-8]. In par-
sorption and also influences many other cell functions. The ticular, a role for 1,25(OH)P as a regulator of immune cell
discovery of receptors for vitamin D (VDR) in cell lines differentiation and proliferation has been proposed [6]. In
different from the classic lines has prompted revaluation of the cells of the myeloid lineage, VDR can be further en-
hanced by 1,25(OHD, treatment with concomitant differ
* Corresponding author. Tel-+39 55 41 37 65; fax:+39 55 42 2 27 €ntiation phenotype [9,10]. In contrast to human monocytes,

25. resting peripheral T and B lymphocytes do not present
E-mail addressmaria.stio@unifi.it (M. Stio). 1,25(0OH),D, receptors, since VDR expression is lost once
Abbreviations:1,25(0H),Ds, 1,25-dihydroxyvitamin ; IBD, inflam- the cells leave the thymus and enter the circulation as T or

matory bowel disease; IFN; interferon-gamma; IL-2, interleukin 2; IL-4, B cells. However, it has been shown that VDR expression in
interleukin 4; FBS, fetal bovine serum; PBMC, human peripheral blood ) ’

mononuclear cells; PHA, phytohaemagglutinip;, T helper lymphocytes; thes.e Ce”_s is re-induced upom vitro actlvatlpn by mito-
T, T suppressor lymphocytes: UC, ulcerative colitis; and VDR, vitamin D 9€NIC lectins such as PHA and concar_lavalln A [1_1_:"-3]- It
receptor. has been demonstrated that 1,25(¢b)is a potent inhib
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itor of T cell proliferation [14,15]. 1,25(OHpP; blocks the proliferative responses to IL-4 may be involved in UC, even
transition of cells from early Gphase (G,) to late G1 if these authors demonstrated that there were no significant
(G4p), but does not affect movement fromy @ G, ,or from differences in the percentage of T cell subpopulations in UC
G;pto S phase [16]. The preferential target for 1,25(GIb) patients and healthy controls. Increased levels of soluble
appears to be Jcells, and the established anti-IL-2 effect mediators of inflammation as well as of the cell immune
of 1,25(0OH)D suggests that this hormone could play a role system (macrophages, neutrophils, and lymphocytes) have
in directing T, cell responses. Initial studies proposed the been found in the intestinal mucosa and submucosa of IBD
suppression of J cell activity by 1,25(OH)D5 [17], while patients [33,34].
further research has shown that 1,25(GIb) inhibits 1L-2 Since 1,25(0OH)D; is known to be a modulator of im
production and IFNy secretion by T cells [18,19]. More- munocompetent cell activity, we investigated the role of
over, a recent study reports that the total T lymphocyte 1,25(OH)}D5 and of two non-hypercalcemic vitamin D-an
population contains VDR, whose levels are increased whenalogues, EB 1089 and KH 1060, in active UC patients. In
activated and treated with 1,25(Of),, while B lympho particular, the object of the present study was to investigate
cytes do not contain a detectable amount of VDR, suggest-the effect of 1,25(0OH,D5 and its analogues on the prelif
ing that B lymphocytes are not likely to be directly regu- eration of T lymphocytes obtained from UC patients, in
lated by the hormone [20]. comparison with healthy controls, in order to verify whether
Since the clinical use of 1,25(OkD); is severely limited 1,25(0OH) D5 or its analogues could exert an immunosup
by its remarkable effects on intestinal calcium absorption pressive effect on the proliferation of T lymphocytes of UC
and the risk of associated side effects, intensive researchpatients and whether the possible inhibitory response could
activity has been directed at finding new vitamin D ana- be dose-dependent. The results obtained suggest the possi-
logues which are active in promoting cellular differentiation ble employment of the vitamin D analogues, in particular
and cell growth inhibition, but with reduced calcemic ac- KH 1060, in therapy as well as that of other immunosup-
tivity and a consequently more favorable therapeutic profile. pressive agents.
Among these analogues, EB 1089, at low doses, induces a
significant inhibition in cell proliferation and tumor growth .
in the absence of a rise in serum calcium, thereby suggestingz‘ Materials and methods
a possible therapeutic application for this compound as 2 1 Patients
antitumor agent [21]. Moreover, this analogue induces ap-

optosis of breast cancer cells [22] and inhibits,vitro, Ten patients (six men and four women with a mean age

cellular proliferation of human colon cancer cells [23]. Re- of 37.1 years; range 27-54) with active ulcerative colitis

cently, a study on the administration of EB 1089 to patients (UC patients) and seven age- and sex-matched healthy con-
with advanced breast and colorectal cancer was reported for,

he first fi 241, KH 1060 her vitamin D derivat trols were studied. The diagnosis of UC was previously
¢ € Irst time [24]. o anot er _V|tar_n|n ervative  oqiaplished on the basis of clinical symptoms and on endo-
which belongs to a family of 20-epi-vitaminfanalogues,

h b b d b X ) h scopic and histologic demonstration. All patients entering
as been observe _tc_) e more potent vitro t an this study showed mild-to-moderate active disease and did
1,25(0OH) D5 as an inhibitor of clonal growth of leukemic

not take steroids or other immunosuppressive drugs.
cells [25,26] and also exerts a considerable inhibitory effect PP g
on breast cancer cell lines [27]. Moreover, it has been 2 2 Reagents
reported that the combination of KH 1060 andiS+etinoic

acid synergistically and irreversibly inhibits the clonal pro- RPMI-1640 medium HEPES modification, PBS, heat-
liferation of HL-60 cells, inducing both differentiation and jnactivated FBS\-glutamine, antibiotics, PHA, and What-
apoptosis [28]. man glass microfiber filter were obtained from Sigma. Fi-
Ulcerative colitis (UC) and Crohn’s disease, known as coll-Paque Research Grade was purchased from Amersham

inflammatory bowel disease (IBD), are characterized by pharmacia Biotech. Uni-Sorb columns were provided by
chronic inflammation of the intestinal mucosa. In particular, Novamed Ltd. 1,25(0OHP,, EB 1089, and KH 1060 stock
UC, which affects the mucosa of the colon and rectum, is solutions in 4 mM isopropano| were a g|ft from Leo Phar-
characterized by remission and flare-up and is likely asso-maceutical Products. Stock solutions were storeet 20°,
ciated with an alteration of the immune system [29]. T protected from light, and freshly diluted in culture medium
lymphocytes play an important role in the pathogeny of pefore each experiment®H]Thymidine was purchased

IBD, and T cell regulation may be of central importance in  from New England Nuclear. All other chemicals were the
the inflammatory process. It has been reported that activatechighest grade available from E. Merck.

T cells expressing IL-2 receptors are increased in lamina

propria from patients with IBD [30], and Hearirgj al. [31] 2.3. T lymphocyte isolation

demonstrated that patients with severe UC who fail to re-

spond to steroid treatment have steroid-resistant T lympho- PBMC were obtained by gradient density (1.077) cen-
cytes. Perez-Machadet al [32] observed that reduced trifugation (30 min at 400X g) of heparinized venous
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blood diluted 1:2 with PBS on Ficoll-Paque. About 95% of
mononuclear cells at the interface, containing PBMC, were
collected and washed twice with PBS. PBMC were further
fractionated by the nylon wool column separation tech-
nique. Uni-Sorb columns and ready-to-use polypropylene
tubes packed with specially treated nylon wool were used.
Briefly, PBMC, suspended in 1.5 mL RPMI-1640 medium
supplemented with 10% heat-inactivated (56° for 30 min)
FBS, were injected into the column. After incubation of the
column at 37° for 60 min, the non-adherent cell population,
T lymphocyte-enriched, was collected by washing the col-
umn twice with 10 mL medium to completely remove
non-adherent T cells. This method is reported to yield ex-
cellent B and T preparations>(90% purity). Lymphocyte
viability was determined by the trypan blue exclusion test.

2.4. Culture conditions and proliferation studies

The nylon wool non-adherent cell population (T lympho-
cyte-enriched) was cultured in RPMI-1640 supplemented
with 25 mM Hepes, 10%, (v/v) heat-inactivated FBS, 60
mg/L (100 U/mL) of penicillin, 100 mg/L of streptomycin,
and 0.29 g/L of.-glutamine. One milliliter, containing &

10* cells, was dispensed in 24-well microtiter plates, to
which 10 pg/mL of PHA and 1,25(0OHD, or EB 1089 or
KH 1060 (0.1-10 nM final concentration) were added. Con-
trol assays treated with PHA and vehicle (isopropanol)
alone were performed. Cultures were incubated at 37° in
humidified atmosphere containing 5% ¢6r three, five,

and seven days. Eighteen hours before the end of incuba

tion, 1 uCi of [*H]thymidine was added to each well. The

cells were then harvested on Whatman glass microfiber

filter, scintillation liquid was added, and the radioactivity
was measured in a liquid scintillation counter (Beckman).
All cultures were run in triplicate. Cell viability was always

examined by trypan blue exclusion.

2.5. Statistical analysis
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Fig. 1. Proliferative response of T lymphocytes from UC patients and
healthy controls to PHA (1@.g/mL) stimulation for three, five, and seven
days. Each value represents the mea8D of 6—8 separate experiments,
each one performed in triplicate. Results are expressed as counts per
minute (cpm X 10 3). Statistical differences between the two groups
(*P < 0.01) were observed on days five and seven of culture.

reaching its highest value, in both controls and patients, on
day five of culture. On day 7, the proliferation decreased,
but this decrease was less evident in patients in comparison
with controls. However, the proliferative response to PHA
of purified T lymphocytes from UC patients, on days 5 and
7, was significantly lower than that observed in healthy
controls. In particular, the day 5 and day 7 values of

[*H]thymidine incorporation into T lymphocytes from pa

tients were approx. 56% and 40%, respectively, lower than
those registered in healthy controls.

3.2. Effect of 1,25(0OHp,, EB 1089, and KH 1060 on T
lymphocyte proliferation

The response of T lymphocytes from either healthy con-
trols or UC patients to 1,25(OK),;, EB 1089, and KH
1060 treatment was investigated by incubating the cells for

Differences between means were evaluated by Student’s3, 5, and 7 days with 10 nM vitamin D derivatives. The data

t-test and were considered significantPat< 0.05.

3. Results

3.1. Proliferative response by mitogen T lymphocytes in
active ulcerative colitis

The proliferative response of PHA-activated T lympho-

obtained, expressed as cpml0 3, are reported in Fig. 2A
and B. In the presence of 1,25(0OfB);, cell proliferation
was significantly inhibited in both groups at all the times
studied. The inhibitory effect increased on day 5 both in
controls and in patients, reaching about 34% and 37%,
respectively. The inhibition in proliferation induced by
1,25(0OH)D5 on days 3 and 5 was similar in controls and in
UC patients. On day 7, a different behavior of T cell re-
sponse was observed: a remarkable inhibition of T lympho-

cytes from UC patients and healthy controls was first stud- cyte proliferation was evident in controls (about 79%),
ied, and the data are reported in Fig. 1. Lymphocyte prolif- whereas the inhibitory effect in UC patients was similar to
eration was analyzed on days 3, 5, and 7 of culture in the that registered on day 5, i.e. approx. 41%. A similar trend
presence of 1Qug/mL of PHA, which, under our experi- was observed when T lymphocytes were treated with 10 nM
mental conditions, was the optimum mitogenic dose. On EB 1089, even if on day 3 of incubation, T lymphocytes
day 3, patients and controls showed the same relatively low prepared from UC patients were more sensitive to the treat-
proliferation value. Proliferation then rapidly increased, ment with the vitamin D analogue in comparison with
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Fig. 2. Effect of 10 nM 1,25(OHP,, EB 1089, and KH 1060 on PHA-activated T lymphocyte proliferation from healthy controls (a) and UC patients (b)
after treatment for three, five, and seven daysl]Thymidine incorporation is expressed as cpml0 3. Each value represents the meanSD of 5-8
separate experiments, each one performed in triplicd&e<*0.01 (incomparison with the vehicle treatment).

healthy controls (25.5% inhibition versus 11.5%). Here ported. Day 5 of proliferation was chosen, since the maxi-
again, the inhibition in cell proliferation, increased on day 5, mal mitogenic response was detected on this day (see Fig.
was similar for controls and UC patients (32% and 33%, 1). The treatment of T lymphocytes with vitamin D deriv-
respectively). On the contrary, on day 7, a further and atives yielded very similar results in controls and UC pa-
remarkable inhibitory effect on T lymphocyte growth was tients. Different behavior was shown by 1,25(QBl), EB
observed in controls (80% inhibition), while in UC patients, 1089, and KH 1060. Indeed, in the presence of 0.1 nM
the decrease in proliferation was not so accentuated (42%)1,25(OH)D5 or EB 1089, a lack of inhibition was regis
but was still significant in comparison with that registered tered, while a significant dose-dependent inhibition of T cell
on day 5. The treatment of T lymphocytes with 10 nM KH proliferation was observed at 1 and 10 nM concentrations,
1060 produced an inhibition profile very similar to that

obtained in the presence of the other two vitamin D deriv-

atives even if, on day 5, KH 1060 was a more potent 150 - —8—1,25DC

inhibitor of T lymphocyte proliferation than 1,25(O%f), | Q" 125DP)

and EB 1089 both in controls and in UC patients (41.5 and —=-EBP

45% inhibition, respectively). On day 7, the inhibitory ef- _§ E 1&2& ;

fect on proliferation showed a different trend in controlsand 8 € 4¢p - S

patients, but similar to that obtained with 1,25(QB) and §. 'g'

EB 1089. Here too, in controls, an inhibition value of about § *:

76% was registered, while in UC patients it was 43%. These E ©

results, taken together, demonstrate that the inhibitory effect .5 § 50 -

exerted by 1,25(0OHP; and its analogues on the prolifer g%

ation of T lymphocytes, prepared from healthy controls, was E‘ 2

time-dependent, while in UC patients the time dependence

was present on days 3 and 5, when 1,25(50H)and KH 0

1060 were used, and was continuous in the presence of EB

1089 only. 0.1 1 10
Concentrations (nM)

3.3. Effect of different doses of 1,25(QB}, EB 1089, Fig. 3. Dose dependence of 1,25(QBl), EB 1089, and KH 1060, at three

and KH 1060 on T lymphocyte proliferation different concentrations (0.1, 1, and 10 nM), on PHA-activated T lympho-

cyte proliferation from healthy controls and UC patients after treatment for
In Fig. 3, the data obtained when T Iymphocytes from five days. Results are expressed as the percentage of the vafitbf/{

healthv controls and UC patients were cultured for 5 davs in midine incorporation determined in cultures treated with vehicle alone.
Yy p Yy Each value represents the mearSD of 6—8 separate experiments, each

the presence of 1,25(0);, EB 1089, and KH 1060 at  one performed in triplicate.P < 0.01 (in comparison with the vehicle
three different concentrations (0.1, 1, and 10 nM) are re- treatment).



M. Stio et al. / Biochemical Pharmacology 61 (2001) 365-371 369

the highest inhibition occurring at 10 nM. On the other fect of 1,25(OH)D5; on T lymphocyte proliferation, are in
hand, the inhibition of proliferation exerted by KH 1060 accordance with those reported in the literature, but in our
was not dose-dependent under our experimental conditionscase, we found a lower inhibition at 10 nM hormone in
being in fact remarkable at 0.1 nM concentration (ranging comparison with the value of 56% reported by Lengtel.
from 42% to 48% in controls and from 42% to 44% in UC [17] for the action of 1,25(OH)D; on [*H]thymidine incor
patients, taking into account all the doses used). KH 1060 poration into T, cells. This discrepancy could be due to the
therefore proved to be a more potent inhibitor of T lympho- fact that, for the proliferation studies, these authors utilized
cyte proliferation than 1,25(OHp5; and EB 1089 in both  a higher number of cells than we did, and only dells. On
healthy controls and UC patients. the contrary, we used a population of T lymphocytes with-
out separating the subsetg &nd Ts.
The inhibitory effect exerted by 1,25(0O); and EB

4. Discussion 1089 on the proliferation of T lymphocytes, obtained from
UC patients and healthy controls, on day five, was dose-
Previous studies have demonstrated that 1,25{Dis dependent, and the inhibitory effect similarly increased in

a potent inhibitor of T lymphocyte proliferation and IL-2  both healthy controls and UC patients. KH 1060 proved to
production in normal PBMC [16,35,36]. Riglst al. [16] be the most powerful inhibitor, showing the highest inhibi-
reported that 1,25(OHIp5, while blocking the transition  tion value at the lowest dose, i.e. 0.1 nM, without dose
from early (G,) phase cell cycle to late (g, has no effect ~ dependence. It is likely that the dose dependence could be
on IL-2 receptor expression, an early, &vent, but mark highlighted by treating T lymphocytes with KH 1060 at a
edly inhibits transferrin receptor, a late ®&vent. In partie dosage lower than 0.1 nM. Indeed, when lower concentra-
ular, it has been demonstrated that [fmphocytes are the  tions of KH 1060 were tested, i.e. 0.01, 0.001, and 0.0001
specific cellular target for the immunoinhibitory effect of nM, an inhibition in cell proliferation was registered that
1,25(0OH)D5 [17], while the hormone does not exert any was always significant in comparison with the vehicle-
effect on Tg and B cells. Recently, Veldmaet al. [20] treated controls, being approx. 20% with the lowest dose. It
reported that the highest concentrations of VDR are found must be pointed out that, at these same concentrations,
in CD8 lymphocytes, although significant amounts are also 1,25(0OH)D5 was ineffective (data not shown). However,
present in CD4 lymphocytes. Furthermore, B lymphocytes we chose to use the same concentrations for all the vitamin
do not contain detectable amounts of VDR, suggesting thatD derivatives in order to compare their effects on cell
CD8 lymphocytes may be a major site of 1,25(QBj) proliferation. The inhibitory effect exerted by EB 1089 on
action. the proliferation of T lymphocytes is, to our knowledge, the
Our results on the proliferative response of T lympho- first report on this subject. The time-dependent inhibitory
cytes from UC patients in comparison with healthy controls, effect on T lymphocyte proliferation was present in con-
on day five, are in accordance with those reported by Man- trols, while in UC patients, the difference in proliferation
zanoet al. [37], thereby confirming the defective prolifer- between days five and seven was significant, but not re-
ative response in these patients. However, we demonstrateanarkable, with EB 1089 treatment only.
a different proliferative behavior on days three and seven.  An important difference in the behavior of T lymphocyte
On day three, Manzano and co-workers found a significant proliferation on day seven therefore exists between healthy
difference in T lymphocyte proliferation between patients controls and UC patients. The fact that 1,25(GBYand its
and controls, while we registered a similar value in the two analogues exerted virtually the same inhibition on the pro-
groups. On day seven of our study, the decrease in prolif- liferation of T lymphocytes of UC patients, on days five and
eration of T lymphocytes prepared from UC patients was seven, may be due either to genetic factors or acquired ones,
not so marked as that of controls, while Manzatal. [37] either as a consequence of T lymphocyte activation during
did not find any difference when comparing the two groups. the disease [41] or of the lack of activation of apoptotic
The discrepancy between our data and those reported byprocesses absent in the UC patients, but present in the
these authors could be due to a different cellular density, controls. This last hypothesis needs to be investigated, par-
which may influence PHA-induced proliferation, or to the ticularly in the light of a recent report by Perez-Machado et
utilization of a different method for T lymphocyte purifica- al. [32]. These authors reported that, in spite of the fact that
tion. We carried out our studies@ T lymphocyte-enriched  the percentage of cells in growth phase-%,M at two and
population, purified by nylon wool column and therefore three days of PHA stimulation was significantly decreased
containing about 1-4% monocytes, as reported in the liter- in UC patients, the percentage of Cb4nd CD8t+ cells in
ature [38,39], to avoid the possibility that the proliferative UC patients showing apoptosis was not significantly differ-
answer to the compounds used could be influenced by aent than in the control group, but it must be remarked that
variable number of monocytes. However, monocytes were these authors did not carry out experiments on day five or
present at a concentration high enough to induce lympho- seven.
cyte proliferation [40] and the immunosuppressive effect of  In conclusion, the two non-hypercalcemic vitamin D
1,25(OH)D. Our results, which indicate an inhibitory-ef  analogues tested by usvitro could be used in the therapy
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of UC patients, perhaps in association with other immuno- [8] Rigby WF, Denome S, Fanger W. Regulation of lymphokine produc-
Suppressive drugs working with different mechanisms, as tion and h_uman_ I_y_mphocyte T activation by 1,25-dihydrox_yvitamin
has been proposed for the therapy of several forms of ?gg?‘;:‘?'lfg:sgi_"g"on atthe level of messenger RNA. J Clin Invest
cancer. In particular, KH 1060 could be administered at a [9] Bar-Shavit Z, Teitelbaum SL, Reitsma P, Hall A, Pegg LE, Trial J,
dosage lower than that used in our experiments, due to its
high inhibitory activity on T cell proliferation. This ap-
proach could be theoretically subjected to criticism: in UC
patients, peripheral T lymphocyte proliferation is basically
impaired [37], contrary to what happens in the colon wall,
where T cells actively proliferate (in response to IL-2) and differentiation of human leukemic cell lines. J Immunol 1993;150:
where they show a response model typg?142,43]. In 2418-30.

fact, an evident contradiction exists between the prolifera- [11] Provvedini DM, Tsoukas CD, Deftos LJ, Manolagas SC. 1,25-Dihy-
tive response in the peripheral blood and in afflicted sites; frl%"lyl’gam'” D; receptors in human leukocytes. Science 1983,221:
the reasons for such behavior are still unknown. In any 15 Bhalla AK, Amento EP, Clemens TL, Holick MF, Krane SK. Specific
event, all drugs that show clinical activity on UC patieimts
vivo are characterized by some effects on the proliferative
activity of the T cells, in the sense of inhibition. In our
opinion, the most interesting speculation arising from the
present research is that the effect of 1,25(ciH)and its
analogues on T lymphocyte proliferation seems to be highly characterization by western blots and DNA sequencing. J Biol Chem
specific and highly reproducible, even if further studies are 1991;266:7588-95.

required to verify the action of the vitamin D derivatives on [14] Bhalla AK, Amento EP, Serog B, Glimcher LH. 1,25-Dihydroxyvi-
T lymphocyte subsets, on T lymphocytes obtained from tamin D; inhibits antigen-induced T cell activation. J Immunol 1984;

. . . . 133:1748-54.
inflamed tissue, and on possible apoptotic phenomena. [15] Nunn JD, Katz DR, Barker S, Fraher LJ, Hewison M, Hendy GN,

O'Riordan JL. Regulation of human tonsillar T-cell proliferation by
the active metabolite of vitamin DImmunology 1986;59:479—84.

[16] Rigby WF, Noelle RJ, Krause K, Fanger MW. The effects of 1,25-
dihydroxyvitamin D, on human T lymphocyte activation and prelif
eration: a cell cycle analysis. J Immunol 1985;135:2279—86.

[17] Lemire JM, Adams JS, Kermani-Arab V, Bakke AC, Sakai R, Jordan
SC. 1,25-Dihydroxyvitamin B suppresses human T helper/inducer
lymphocyte activityin vitro. J Immunol 1985;134:3032-5.

Kahn AJ. Induction of monocytic differentiation and bone resorption
by 1,25-dihydroxyvitamin Q. Proc Natl Acad Sci USA 1983;80:
5907-11.

[10] Testa U, Masciulli R, Tritarelli E, Pustorino R, Mariani G, Martucci
R, Barberi T, Camagna A, Valtieri M, Peschle C. Transforming
growth factorf potentiates vitamin Binduced terminal monocytic

high-affinity receptors for 1,25-dihydroxyvitaminzOn human pe
ripheral blood mononuclear cells: presence in monocytes and induc-
tion in T lymphocytes following activation. J Clin Endocrinol Metab
1983;57:1308-10.

[13] Yu XP, Mocharla H, Hustmeyer FG, Manolagas SC. Vitamin D
receptor expression in human lymphocytes. Signal requirements and
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