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The mechanisms of tissue necrosis and vascular damage patterns in viable tissue surrounding dead tissue, mostly
within endothelial cells, monocyte/macrophages, and lym-characteristics of certain Epstein-Barr virus (EBV)-associated

lymphoproliferative disorders are unknown. The CXC che- phocytes. Circulating levels of IP-10 were abnormally ele-
vated in patients with EBV-positive lymphomatoid granulo-mokines interferon-g–inducible protein-10 (IP-10) and the

monokine induced by interferon-g (Mig) caused tissue necro- matosis and nasal or nasal-type T/NK-cell lymphomas.
These experiments provide the first description of the pres-sis and vascular damage in Burkitt’s lymphoma tumors es-

tablished in nude mice. We report higher levels of IP-10 and ence of Mig in any human normal or diseased tissue and
the first description of IP-10 in certain lymphoproliferativeMig gene expression in tissues with necrosis and vascular

damage from EBV-positive lymphomatoid granulomatosis lesions. These data suggest that Mig and IP-10 play an im-
portant role in the pathogenesis of tissue necrosis and vas-and nasal or nasal-type T/natural killer (NK)-cell lymphomas

compared with tissues with lymphoid hyperplasia, which cular damage associated with certain EBV-positive lympho-
proliferative processes.lacked tissue necrosis and vascular damage. By immunohis-

tochemistry, Mig and IP-10 proteins localized with similar q 1997 by The American Society of Hematology.

C The patterns of vascular damage in LYG and nasal T/NK-
cell lymphoma are very similar, both previously being linked

ELL AND TISSUE DEATH are conspicuous histologi-
cal features of many Epstein-Barr virus (EBV)-associ-

ated lymphoproliferative disorders (LPDs), including lym- under the heading of ‘‘angiocentric immunoproliferative
syndromes.’’4 We now report production and tissue distribu-phomatoid granulomatosis (LYG) and nasal or nasal-type T/

natural killer (NK)-cell lymphomas.1 LYG and nasal or na- tion of Mig and IP-10 in LYG and nasal T/NK-cell
lymphoma.sal-type T/NK-cell lymphomas share many histological and

clinical features. The zonal distribution pattern of tissue
MATERIALS AND METHODSdeath and the histological evidence of vascular damage have

suggested a vascular pathogenesis to tissue death in both of Case selection. Patient cases were retrieved from the files of
the Hematopathology Section, Laboratory of Pathology, Nationalthese disorders.2 The preferred localization of tumor cells
Cancer Institute, National Institutes of Health (NIH), Bethesda, MDaround and within blood vessels in LYG and nasal or nasal-
and from the consultation files of one of the authors (E.S.J.). Casestype T/NK-cell lymphoma may cause destruction of the
included LYG, 10 cases; nasal or nasal-type T/NK-cell lymphoma,blood vessel wall leading to poor tissue perfusion.1-4 How-
7 cases; reactive lymphoid hyperplasia, 9 cases; non-Hodgkin’s B-ever, the absence of histological evidence for angioinvasion
cell lymphoma, 4 follicle center and 3 diffuse large-cell cases; andin many of these cases has suggested the possible participa-
Burkitt’s lymphoma, 7 cases. All patients were human immunodefi-

tion of other factors, including tumor necrosis factor-a ciency virus negative. Malignant lymphomas, classified according to
(TNF-a).1 the Revised European American Lymphoma (REAL) classification,4

Mig, the monokine induced by interferon-g (IFN-g), and were immunophenotyped by immunohistochemistry. A B-cell phe-
IP-10, the IFN-g–inducible protein-10, are structurally re- notype was established by staining of neoplastic cells for L26

(CD20), and a T/NK-cell phenotype was established by staining forlated chemokines of the C-X-C (or a subfamily of chemo-
CD3 and CD56, respectively.kines with the first two of four conserved cysteines separated

by one amino acid residue) that share a receptor, CXCR3.5

Studies in vitro have shown that Mig and IP-10 are active
From the Laboratory of Pathology, Hematopathology Section,as chemotactic factors for stimulated T and NK cells6-9 and

National Cancer Institute, National Institutes of Health, Bethesda,inhibit colony formation by hematopoietic cells.10,11 In vivo,
MD; the Center for Biologics Evaluation and Research, Food andMig and IP-10 inhibit neovascularization and exert antitumor
Drug Administration, Bethesda, MD; the Medicine Branch, Nationaleffects.12-15 Recently, we found expression of Mig and IP-
Cancer Institute, National Institutes of Health, Bethesda, MD; and

10 genes to be significantly higher in mice bearing Burkitt’s the National Institute on Aging, National Institutes of Health, Balti-
lymphoma undergoing regression after treatment with EBV- more, MD.
immortalized B cells compared with mice bearing progres- Submitted March 24, 1997; accepted July 21, 1997.
sively growing Burkitt’s tumors.12,16,17 Inoculation of either Presented in part at the 38th Annual American Society of Hema-

tology Meeting, December 10, 1996, in Orlando, FL.Mig or IP-10 into progressively growing Burkitt’s tumors in
Address reprint requests to Elaine S. Jaffe, MD, Hematopathologyathymic mice produced tumor tissue necrosis. Histologically,

Section, Laboratory of Pathology, National Cancer Institute, Na-Burkitt’s tumors treated with EBV-immortalized B cells,
tional Institutes of Health, Building 10, Room 2N202, 10 CenterMig, or IP-10 exhibited a similar pattern of zonal necrosis
Drive MSC 1500, Bethesda, MD 20892-1500.and widespread vascular damage.

The publication costs of this article were defrayed in part by page
To explore the role of IP-10 and Mig in tissue necrosis charge payment. This article must therefore be hereby marked

induced by EBV, we elected to study cases representative of ‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to
the following conditions: (1) LYG, an EBV-positive, usually indicate this fact.
monoclonal B-cell LPD18 and (2) nasal T/NK-cell q 1997 by The American Society of Hematology.

0006-4971/97/9010-0031$3.00/0lymphoma, an EBV-positive T-cell or NK-cell lymphoma.
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Table 1. Primers and PCR Conditions

Genbank Anneal
PCR Product Accession No. Primer Sequence (5* ; 3* ) Cycles Temperature (7C)

G3PDH M33197 GCCACATCGCTAAGACACCATGGG; 31 59
M32599 CCTGGTGACCAGGCGCCCAAT

Mig X72755 TTCCTCTTGGGCATCATCTTGCTG; 31 59
S60728 GGTCTTTCAAGGATTGTAGGTGGA

IP-10 X02530 GGAACCTCCAGTCTCAGCACC; 31 59
M17752 GCGTACGGTTCTAGAGAGAGGTAC

IFN-g V00536 GGACCCATATGTAAAAGAAGCAGA; 35 57
AO4665 TGTCACTCTCCTCTTTCCAATTCT

TNF-a M10988 AGAGGGAAGAGTCCCCCAGGA; 35 59
TCAGCTTGAGGGTTTGCTACAA

MIP-1a M25315 CTCTGCACCATGGCTCTCTGCAAC; 35 62
TGTGGAATCTGCCGGGAGGTGTAG

MIP-1b M25316 CTCCTCATGCTAGTAGCTGCCTTC; 35 62
GGTGTAAGAAAAGCAGCAGGCGGT

Abbreviations: PCR, polymerase chain reaction; IP-10, interferon-g–inducible protein-10; IFN-g; interferon-g; TNF-a, tumor necrosis factor-a;
MIP-1, macrophage inflammatory protein-1.

EBV in situ hybridization. In situ hybridization used an EBV at 727C); and maintained at 47C until analysis. The entire amplifica-
tion reaction (50 mL) was analyzed by electrophoresis on 8% acryl-probe specific for EBV-encoded small RNAs (EBER), as described

previously19 using an automated system (Ventana Medical System, amide (Long Ranger; AT Biochem, Malvern, PA) Tris-borate EDTA
gels (polyacrylamide gel electrophoresis [PAGE]) followed by auto-Inc, Tucson, AZ).

Reverse transcriptase-mediated polymerase chain reaction (RT- radiography and quantitation by phosphorimage analysis using Im-
ageQuantTM v3.3 software (Molecular Dynamics, Sunnyvale, CA).PCR). RNA extraction from paraffin-embedded tissue was per-

formed as previously described with modifications.20 Briefly, six to Band integrations were obtained as the sum of values for all pixels
after subtraction of background (areas around each sample). Inte-ten 20-mm paraffin sections were deparaffinized three times in xylene

(with heating at 557C for 10 minutes), twice in 100% ethanol and grated volumes were then normalized to the standard positive control
(IFN-g–stimulated endothelial cells). Standard normalized inte-twice in 70% ethanol. Sections were resuspended in 1 mL extraction

buffer (10 mmol/L NaCl, 50 mmol/L Tris-HCL, pH 7.4, 20 mmol/ grated values for each sample were then normalized for the results
of RT-PCR amplification for G3PDH. The results of RT-PCR analy-L EDTA, 1% sodium dodecyl sulfate) at 557C overnight with 500

mg/mL proteinase K. After addition of 1 mL of RNA Trizol (GIBCO/ sis are presented as absolute numbers of normalized arbitrary units
(pixels)/sample.BRL, Life Technologies, Gaithersburg, MD) and 200 mL of chloro-

form followed by centrifugation, the aqueous phase was combined Measurement of IP-10 in serum. Serum samples from untreated
patients with LYG, nasal or nasal-type T/NK-cell lymphoma, andwith an equal volume of isopropanol. The precipitated pellet was

washed with 70% ethanol and resuspended in diethylpyrocarbonate normal adults were tested for the presence of IP-10 protein by a
sandwich enzyme-linked immunosorbent assay (ELISA). The IP-(DEPC)-treated water.

RT-PCR was performed as previously described with modifica- 10 ELISA used a goat antihuman IP-10 antiserum (R&D Systems,
Minneapolis, MN) diluted at 1:250 and a purified rabbit antihumantions for highly degraded RNA obtained from paraffin-embedded

tissues.17,21 For semiquantitative results, PCR products were detected IP-10 polyclonal antiserum (a gift of Dr D. Taub, National Cancer
Institute, Frederick, MD) to capture bound IP-10 followed by anby quantitating incorporated 32P (a-dCTP) radioactivity. The amount

of each RNA sample used was selected on the basis of equivalent alkaline phosphatase-conjugated goat antirabbit antibody (Sigma, St
Louis, MO). After development with substrate, the optical densityamounts of glyceraldehyde-3-phosphate dehydrogenase (G3PDH)

cDNA amplified from each sample. Variability of results from differ- was read at 450 nm. The lowest limit of sensitivity for the assay
corresponded to 10 pg/mL of a highly purified recombinant humanent experiments was minimized by use of a standard control RNA

preparation from cultured IFN-g–stimulated endothelial cells. RNA IP-10 standard preparation (Pepro Tech Inc, Rocky Hill, NJ). The
assay was specific for IP-10 and failed to recognize other humansamples were DNase treated (GIBCO/BRL, Life Technologies) then

subjected to an initial assay for amplifiable contaminating genomic cytokines, including interleukin-1a (IL-1a), IL-2, IL-4, IL-6, IL-8,
IL-10, IL-12, granulocyte colony-stimulating factor, granulocyte-DNA using primers specific for G3PDH mRNA. Positive samples

were retreated with DNase and negative samples (2 to 5 mg) were macrophage colony-stimulating factor, IFN-g , TNF-a, and trans-
forming growth factor-b1.reverse transcribed using an RNase H- RT (Superscript; GIBCO/

BRL, Life Technologies). The resultant cDNA (25 to 100 ng) was IP-10 and Mig immunohistochemistry in tissue sections. Tissue
sections were treated with either 0.01 mol/L citrate buffer (pH 6.0)amplified as previously described with modifications.21 Primers,

listed in Table 1, were designed for amplification of short amplicons containing 0.1% Tween-20 (Sigma) or a Target Retrieval Solution
(DAKO Corp, Carpenteria, CA) in a microwave pressure cooker(80 to 130 bp) from highly degraded RNA and spanned at least one

splice junction. Genomic DNA could be distinguished from mRNA (Nordic Ware, Minneapolis, MN) at maximum power (800 W) for
40 minutes as previously reported.22 Sections were incubated withor cDNA. Amplifications were performed in a thermocycler (Stra-

tagene Robocycler, La Jolla, CA) adding 1.25 U Taq polymerase primary antibodies including either a rabbit antihuman IP-10 purified
antibody (1:2,000 dilution; a gift from Dr D. Taub, National Cancer(GIBCO/BRL) after heating at 947C for 3 minutes (‘‘Hot Start’’);

followed by 31 or 35 amplification cycles (947C for 45 seconds; Institute) or a rabbit antihuman Mig antiserum (1:5,000 dilution; a
gift of Dr J. Farber, National Institute on Allergy and Infectiousprimer annealing temperature as specified in Table 1, and extension
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Table 2. Lymphomatoid Granulomatosis and Nasal or Nasal-Type membrane protein-1 (LMP-1) protein expression. The cyto-
T/NK Cell Lymphoma Patient Demography and Expression kine/chemokine mRNA profiles were examined by a modi-

of Mig and IP-10 fied RT-PCR analysis. The PCR products for the chemokines
mRNA Expression Mig and IP-10 were more abundant in tissues representative

of EBV-positive LYG, and nasal T/NK-cell lymphoma (re-
Patient Age (yr)/Sex Biopsy Site Mig IP-10

ferred to collectively as EBV-LPD) than in tissues repre-
Lymphomatoid Granulomatosis sentative of lymphoid hyperplasia, follicle center and large

B-cell lymphoma, and Burkitt’s lymphoma. Also, IFN-g ex-1 39/M Lung 100501 16974
pression was noted in those samples that expressed both Mig2 24/M Lung 148434 24108

3 59/F Lung 24530 112628 and IP-10. In contrast, the PCR products for the cytokine
4 44/M Lung 46772 5684 TNF-a were variable in study and control cases, whereas
5 41/M Lung 143107 31537 those for the chemokines MIP-1a and MIP-1b were detected
6 53/F Kidney 26329 7285 at similar levels in study cases but at variable levels in con-
7 43/M Lung 69298 17651 trol cases (Fig 1).
8 29/M Skin, R leg 62721 30258 Levels of Mig and IP-10 expression in all 40 cases were
9 21/M Lung 52891 11906

estimated by phosphorimage analysis of RT-PCR–derived10 49/M Lung 109838 42701
products and subsequent normalization for RT-PCR products
of the housekeeping G3PDH gene. Experimental variabilityNasal T/NK lymphoma
was minimized by the use of a standard RNA preparation

1 36/F Maxillary sinus 1932 436 derived from IFN-g–stimulated endothelial cells throughout
2 38/M Spleen 7943 4355 the experiments. We found levels of Mig and IP-10 mRNA
3 35/F Middle turbinate 2508 4244 expression (Fig 2) to be significantly higher in the 17 cases
4 17/M R nasal septum 103254 24530 of EBV-LPD associated with histological evidence of tissue
5 37/F L nasal septum 4669 3000

and cell death (10 cases of LYG, and 7 cases of nasal or6 38/M Ethmoid sinus 1502 443
nasal-type T/NK-cell lymphoma) compared with the 9 cases7 19/M Maxillary sinus 26242 21507
of reactive lymphoid hyperplasia without histological evi-

All tissues had histological necrosis and vascular damage and all dence of tissue and cell death (P Å .004 and P Å .029,
were EBER-1 positive by in situ hybridization. Mig and IP-10 mRNA

respectively). In addition, we found a significant direct corre-expression (semiquantitative RT-PCR analysis) are expressed as arbi-
lation between levels of Mig and IP-10 expression in thesetrary units (pixels) normalized with a standard RNA preparation and
17 cases of EBV-LPD (Kendall Tau Å 0.43, P Å .004).amplification for G3PDH.
Levels of Mig and IP-10 expression in the 7 cases of malig-

Diseases [NIAID], Bethesda, MD) overnight at room temperature.
Primary antibodies were detected with a biotin-conjugated universal
secondary antibody formulation, which recognizes rabbit and mouse
immunoglobulins (Ventana Medical Systems, Inc, Tucson, AZ).
After addition of an avidin-horseradish peroxidase conjugate, the
enzyme complex was visualized with 3,3*-diaminobenzdine tetra-
chloride and copper sulfate.

Statistical analysis. Geometric means and standard errors of the
mean used conventional formulas. Student’s t-test was used to evalu-
ate the significance of group differences. Kendall Tau and Sperman
Rho tests were used to examine correlations of results.

RESULTS

Detection of Mig and IP-10 gene expression. Total RNA
was extracted from formalin-fixed, paraffin-embedded tis-
sues representative of LYG (10 cases), and nasal T/NK-cell
lymphoma (7 cases) that were EBV positive and displayed
evidence of tissue necrosis and vascular damage. Patient
characteristics and histopathologic changes are shown in Ta-
ble 2. Control RNA was extracted from tissues representative
of reactive lymphoid hyperplasia (9 cases), follicle center
or diffuse large B-cell lymphoma (7 cases), and Burkitt’s Fig 1. Patterns of cytokine and chemokine mRNAs in

lymphoproliferative disease tissues shown by RT-PCR analysis. Totallymphoma (7 cases), which displayed no histological evi-
cellular RNA, extracted from paraffin-embedded tissues representa-dence of tissue necrosis and vascular damage. Reactive hy-
tive of lymphomatoid granulomatosis, nasal T/NK-cell lymphoma,perplasias and large B-cell lymphomas were EBV negative lymphoid hyperplasia, malignant B-cell lymphoma, and Burkitt’s

as determined by in situ EBER-1 hybridization. Burkitt’s lymphoma, was subjected to RT-PCR analysis using appropriately
designed primers.lymphomas were EBV positive, but were negative for latent
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Fig 2. Mig and IP-10 mRNA expression in EBV-associated lymphoproliferative diseases. Total cellular RNA, extracted from paraffin-embedded
tissues diagnosed with either LYG, nasal T/NK-cell lymphoma, lymphoid hyperplasia, malignant B-cell lymphoma, or Burkitt’s lymphoma, was
subjected to semiquantitative RT-PCR. After normalization to a standard RNA preparation and to G3PDH, the results of Phosphorimage analysis
are shown as absolute numbers of normalized arbitrary units (pixels)/sample. (A) Mig mRNA expression; (B) IP-10 mRNA expression.

nant B-cell lymphoma and levels of Mig expression in the Mig was, in general, more intense than for IP-10, although
the pattern of Mig and IP-10 staining was generally indistin-7 cases of Burkitt’s lymphoma were found to be similar to

those of the 9 cases of reactive hyperplasia (P Å .6 all guishable. Staining for these chemokines was mostly re-
stricted to viable tissue surrounding areas of tissue necrosis,comparisons). In contrast, levels of IP-10 expression in the

lymphoid hyperplasia group were significantly higher than but isolated clearly positive cells were also identified within
the necrotic tissue. The pattern of staining was mostly intra-in the Burkitt’s lymphoma group (P Å .008), indicating that

regulation of expression of the IP-10 and Mig gene differ. cellular, suggesting that Mig and IP-10 are synthesized by
these cells. Positively staining cells were identified morpho-The low level or failure to amplify IP-10 mRNA from Bur-

kitt’s tissue as opposed to lymphoid hyperplasia raises the logically as endothelial cells lining capillary vessels, lym-
phocytes, macrophages, and few fibroblasts. Occasional ex-possibility that IP-10 is expressed in lymphoid tissues during

certain inflammatory processes reflected histologically as tracellular staining was also noted, which is consistent with
the secreted nature of these chemokines. In contrast, minimallymphoid hyperplasia but not in lymphoid tissues that are

replaced by Burkitt’s lymphoma. to absent staining for Mig and IP-10 was observed in 6
cases of Burkitt’s lymphoma. Although staining for Mig wasImmunohistochemical localization ofMig and IP-10. Par-

affin-embedded sections of EBV-LPD tissues, sequential to generally absent in 12 cases of lymphoid hyperplasia, rare
scattered histiocytes, lymphocytes, and endothelial cells ofthose used for RNA extractions were stained with a rabbit

antiserum to either human Mig or IP-10 (Fig 3). All EBV- capillaries showed faint staining for IP-10 in 3 of 12 of these
cases. These results are consistent with the data of IP-10 andLPD tissue specimens studied, representative of LYG (8

samples) and nasal T/NK-cell lymphoma (3 samples), Mig gene expression as shown in Fig 2A and B.
Detection of IP-10 in serum. We detected IP-10 at lowstained positively for both Mig and IP-10. The staining for
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Fig 3. Immunohistochemical analysis of Mig and
IP-10 in lymphoproliferative disease tissues repre-
sentative of LYG, nasal T/NK-cell lymphoma, and
lymphoid hyperplasia. (A, B, and C) LYG, lung; (D, E,
and F) nasal T/NK-cell lymphoma, nasal septum (D,
arrows indicate vessel with fibrinoid necrosis); (G, H,
and I) reactive lymphoid hyperplasia, lymph node.
Paraffin-embedded tissue sections were stained
with Hematoxylin and Eosin (A, D, and G), with an
anti-Mig heteroantiserum (B, E, and H), and with an
anti–IP-10 heteroantiserum (C, F, and I). Primary an-
tibodies were detected with biotinylated antimouse/
rabbit IgG followed by streptavidin-peroxidase com-
plexes. (Original magnification Ì 40.)

levels in the serum of normal adult individuals (mean level
0.31 ng/mL, 95% confidence interval 0.26 to 0.35 ng/mL).
IP-10 levels were measured in serum samples from six pa-
tients with LYG and three patients with nasal T/NK-cell
lymphoma (Fig 4). All cases of LYG and nasal T/NK-cell
lymphoma were confirmed histologically, and in three cases
(case 7 with nasal T/NK-cell lymphoma in Table 2 and cases
11 and 12 with LYG in Table 2) paraffin-embedded tissues
showed high levels of IP-10 and Mig expression. Serum IP-
10 levels were found to be abnormally elevated in patients
with LYG and nasal T/NK-cell lymphoma compared with
sera from normal individuals (P Å .006, Student’s t-test).

DISCUSSION

This study shows the presence of the chemokines Mig
and IP-10 in lymphoproliferative disease tissues from EBV-
positive LYG and nasal T/NK-cell lymphoma. Tissue necro-
sis and vascular destruction are distinguishing and often
prominent histopathologic features of these lymphoprolifera-
tive lesions.1 Previously, we detected high level expression
of the murine IP-10 and Mig genes in lymphoblastoid cell
line–treated experimental Burkitt’s lymphoma undergoing
regression with extensive tumor necrosis and vascular dam-
age. In addition, we found that inoculation of IP-10 or Mig
proteins into established Burkitt’s tumors caused extensive
tumor necrosis and vascular damage.12,17 Thus, Mig and IP-
10 are likely to contribute to tissue necrosis and vascular
damage detected in lymphoproliferative disease tissues from
LYG and nasal T/NK-cell lymphoma.

Immunostaining of lymphoproliferative disease tissues
from LYG and nasal T/NK-cell lymphoma localized Mig
and IP-10 predominantly in viable tissue surrounding areas
of necrosis within cells identified morphologically as endo-
thelial cells, lymphocytes, macrophages, and occasional fi-
broblasts. These cell types were previously recognized as a Fig 4. IP-10 content in serum samples of normal patients and
source of Mig23 and IP-10.9,24 It is of interest that the atypical patients with LYG and nasal T/NK-cell lymphoma detected by sand-

wich ELISA. The lowest limit of detection was 10 pg/mL.cells, presumably the tumor cells in LYG and nasal T/NK-
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cell lymphoma, were negative for these chemokines, sug- Mig and IP-10 share a receptor, CXCR3, combined with the
concordant expression and localization of Mig and IP-10 ingesting that the reactive cells are the principal source of

these chemokines. Studies in vitro and in vivo have indicated the lymphoproliferative tissues investigated here emphasizes
the functional similarities between these chemokines.that IFN-g is the only inducer of Mig in monocyte/macro-

phages, fibroblasts, and keratinocytes.25,26 By contrast, IP-10 Preclinical studies in rodents have provided evidence that
IP-10 and Mig can prevent tumor growth, reduce tumoris induced in monocytes by a variety of stimuli, including

IFN-g, lipopolysaccharide, and IFN-a/b.27 In recent studies growth, cause tumor tissue necrosis, and limit metastasis.17

Our finding, that IP-10 and Mig are produced in the contextwith IFN-g knockout mice, the induction of Mig but not IP-
10 was found to be absolutely dependent on IFN-g.26 Using of certain benign and malignant LPDs associated with tissue

necrosis and vascular damage, raises the possibility that theseRT-PCR analysis, we found evidence for IFN-g expression
in most EBV-positive lymphoproliferative disease tissues chemokines may be part of natural responses designed to

limit excessive or abnormal lymphoid cell growth.that also expressed Mig and IP-10, suggesting that IFN-g is
an important mediator for induction of Mig and IP-10 in
these cases. Also, results of semiquantitative PCR showed ACKNOWLEDGMENT
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