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Lymphoid interstitial pneumonitis (LIP), a frequent
pulmonary complication in HIV-infected pediatric
patients, is characterized histologically by marked
infiltration of lymphoid cells. We sought to evaluate
the nature and pathogenesis of the lymphoid infil-
trates and to examine the relationship of LIP to
pulmonary MALT lymphoma that has been de-
scribed in pediatric HIV positive patients. To exam-
ine the potential contribution of chemokines and
cytokines to the inflammatory cell recruitment in
tissues involved by lymphoid interstitial pneumoni-
tis from HIV-infected pediatric patients, RNA was
extracted from paraffin-embedded tissues from five
lung biopsies in four pediatric HIV-positive patients
and from five control, normal lung biopsies in five
HIV-negative patients and was analyzed by semi-
quantitative RT-PCR for the expression of cytokines
(TNF-�, GM-CSF, IFN-�, IL-4, IL-6, IL-10, and IL-18)
and chemokines (IP-10, Mig, regulated upon activa-
tion, normal T expressed and secreted [RANTES],
and MIP1-� and �) after normalization for G3PDH.
Expression of IL-18 was increased, as well as expres-
sion of IFN-�–inducible chemokines IP-10 and Mig
in LIP tissues compared with controls. RANTES and
MIP1-� and -� were also increased in pediatric LIP
lesions compared with controls. In contrast, expres-
sion of TNF-�, GM-CSF, IL-10, and IL-6 was variable
in LIP tissues and controls. In addition, clonality of

the B-cell population was evaluated by VDJ-PCR. A
polyclonal B-cell population was shown in all five
biopsies from five patients with LIP; and in one
patient with concurrent LIP and MALT lymphoma,
a band of increased intensity was observed in the
LIP biopsy that was identical in size to the mono-
clonal band in the concurrent MALT lymphoma bi-
opsy. These results provide evidence of high-level
expression of certain chemokines in lymphoid in-
terstitial pneumonitis tissues and suggest that che-
mokines and cytokines may play an important role
in the recruitment of inflammatory cell infiltrates
into these tissues. In addition, LIPmay represent an
early stage of MALT lymphoma or an immunologic
response to a chronic antigenic stimulus that may
provide a milieu or microenvironment for the evo-
lution of a monoclonal B-cell population.
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Pulmonary lymphoid infiltrates range from pulmo-
nary lymphoid hyperplasia (PLH), lymphoid inter-
stitial pneumonitis (LIP), polyclonal polymorphic
B-cell lymphoproliferative disorder, and malignant
lymphoma (1). LIP is a common pulmonary com-
plication in pediatric AIDS patients, present in
�75% of cases (2, 3). Recently, a spectrum of
mucosa-associated lymphoid tissue (MALT) lesions
(4), multilocular thymic cysts associated with LIP
(5–8) and a spectrum of pulmonary lymphoid infil-
trates have been described in pediatric HIV-
infected patients (1).
Malignant lymphoma of mucosa-associated lym-

phoid tissue (MALT) is a low-grade B-cell lym-
phoma with a predilection for mucosa-associated
sites such as the stomach, lung, salivary gland, lac-
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rimal glands, thyroid, skin, and thymus. These tu-
mors are localized and have a low risk of dissemi-
nation to bone marrow and lymph nodes (9–12).
MALT lymphoma is preceded by inflammatory re-
active lymphoid tissues such as those seen in
Sjogren’s syndrome, Hashimoto’s thyroiditis, and
Helicobacter pylori gastritis (13).

We previously reported two cases of pulmonary
marginal zone B-cell lymphoma of mucosa-
associated lymphoid tissue (ML-MALT) associated
with LIP (14–15). Histologically, LIP shows a diffuse
peribronchial and interstitial lymphoid infiltrate in
the pulmonary parenchyma with polyclonal plasma
cells. The etiology and pathogenesis is not known.
It has been postulated that bronchus-associated
lymphoid tissue and LIP may represent a premalig-
nant organ response to an antigenic stimulus (16)
that may progress to MALT lymphoma. In addition,
immune dysregulation is thought to be involved in
the pathogenesis of LIP, which can be seen also in
adults with autoimmune disease (2, 8, 17, 18).

Recently, increased cytokine gene expression, in-
cluding interferon-� (IFN-�), interleukin-10 (IL-10),
transforming growth factor-� (TGF-�), and
interleukin-1 (IL-1) was described in a murine
model of AIDS (MAIDS)-associated interstitial
pneumonitis (19, 20). The model for development
of MAIDS-associated interstitial pneumonitis pro-
posed that infection with LP-BM5 retrovirus leads
to an inappropriate cellular interaction between T
and B cells, which polyclonally activate a large frac-
tion of T cells in the infected animal. Inappropriate
interactions between Th1 T cells and antigen-
presenting B cells induce chronic interferon-
gamma production that causes chronic macro-
phage activation and ultimate sustained
inflammation and tissue remodeling of the lung
(19, 20). We wished to determine whether cytokine
and chemokine gene expression play a role in the
recruitment of inflammatory cell infiltrates into LIP
tissues and whether the presence of activated lym-
phoid cells may contribute to the evolution of a
clonal B-cell population, indicating a clonal rela-
tionship between pulmonary LIP and MALT lym-
phoma in pediatric HIV-infected patients.

MATERIALS AND METHODS

Case Selection
Patient cases were retrieved from the files of the

Laboratory of Pathology, Center for Cancer Re-
search, National Cancer Institute, National Insti-
tutes of Health. Criteria for study inclusion in-
cluded the following: 1) the patient being HIV
positive and �18 years of age; 2) the patient having
a diagnosis of pulmonary LIP and/or malignant
lymphoma of MALT; and 3) the availability of par-
affin or frozen-tissue blocks for immunohistochem-
ical studies, immunoglobulin heavy-chain gene re-
arrangement analysis by polymerase chain reaction
(PCR), and chemokine/cytokine gene expression by
reverse-transcription–mediated polymerase chain
reaction (RT-PCR). The study population was com-
prised of six patients total, including 3 females and
3 males, ranging in age from 2–15 years of age at the
time of the diagnostic biopsy. Of the six patients,
four were diagnosed with LIP, one with pulmonary
MALT lymphoma, and one with concurrent LIP and
MALT lymphoma. Five patients had vertically ac-
quired HIV, and one patient was infected after
blood transfusion (Table 1).

Immunohistochemistry
Staining was performed after antigen retrieval us-

ing 50 mM TRIS buffer, pH 7.4, and microwaving for
10 minutes at 700W. Staining was performed with-
out enzyme digestion on an automated immunos-
tainer (Ventana Medical Systems, Inc., Tucson, AZ).
A panel of monoclonal antibodies was used: CD20
(L26) and CD3 (DAKO, Carpinteria, CA); CD43 (Leu
22, Beckton Dickinson, San Jose, CA); and anti-
kappa and anti-lambda (Biosource, Burlingame,
CA; Table 2).

Epstein-Barr Virus In Situ Hybridization
In situ hybridization used an Epstein-Barr virus

(EBV) probe specific for EBV-encoded small RNAs
(EBER), as described previously (21), using an au-
tomated system (Ventana).

TABLE 1. Pediatric HIV Patients with LIP and HIV Transmission Status

Case No. Age (y) Sex Biopsy Site Diagnosis
Mode of HIV

Infection

1 7.3 F Lung LIP Vertical
2 7.1 F Lung ML-MALT Vertical

Lung LIP
3 12 F Lung LIP Vertical
4 2 M Lung LIP Vertical
5 3 M Lung LIP Vertical
6 15 M Lung ML-MALT Transfusion

F, female; M, male; LIP, lymphocytic interstitial pneumonitis; ML-MALT, malignant lymphoma of mucosa-associated lymphoid tissue.
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Polymerase Chain Reaction for Immunoglobulin
Heavy-Chain Gene Rearrangement and Human
Herpes Virus-8

DNA was extracted from paraffin-embedded tis-
sue sections, PCR was performed with primers to
Framework III of the variable and joining segments
(21), and products were analyzed by polyacryl-
amide gel electrophoresis (PAGE). PCR was also
performed to detect HHV-8 viral sequences using
primers (HHV-8 1–5:5'-TAGCCCAAAGGATTCCA-
CCAT-3' and HHV-8 1–3:5'-GGATCCGTGTTGTC-
TACGTC-3') and conditions as previously pub-
lished (22), and products were analyzed on agarose
gels. The MALT lymphoma from Case 2 was also
studied by Southern blot hybridization (14).

Reverse Transcriptase-Mediated PCR
RNA extraction from paraffin-embedded tissue

was performed as previously described with mod-
ifications (23). Briefly, six to ten 20-�m paraffin
sections were deparaffinized three times in xy-
lene (with heating at 55°C for 10 min), twice in
100% ethanol and twice in 70% ethanol. Sections
were resuspended in 1 mL extraction buffer (10
mM NaCl, 50 mM Tris-HCL, pH 7.4, 20 mM EDTA,
1% SDS) at 55°C overnight with 500 �g/uL of
proteinase K. After addition of 1 mL of RNA Trizol
(Gibco/BRL, Life Technologies, Gaithersburg,
MD) and 200 �L of chloroform, followed by cen-
trifugation, the aqueous phase was combined
with an equal volume of isopropanol. The precip-
itated pellet was washed with 70% ethanol and
resuspended in diethylpyrocarbonate-treated
water.

RT-PCR was performed as previously described
with modifications for highly degraded RNA obtained
from paraffin-embedded tissues (23). For semiquan-
titative results, PCR products were detected by quan-
titating incorporated 32P (�-dCTP) radioactivity. The
amount of each RNA sample used was selected on the
basis of equivalent amounts of glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) cDNA amplified
from each sample. Variability of results from different
experiments was minimized by use of a standard con-

trol RNA preparation from cultured IFN-� stimulated
endothelial cells. RNA samples were DNAse treated
(GIBCO/BRL, Life Technologies, Gaithersburg, MD),
then subjected to an initial assay for amplifiable con-
taminating genomic DNA using primers specific for
G3PDH mRNA. Positive samples were retreated with
DNase; negative samples (2–5 �g) were reverse tran-
scribed using an RNase H-RT (Superscript; GIBCO/
BRL). The resultant cDNA (25–100 ng) was amplified
as previously described with modifications (23). Prim-
ers, listed in Table 3, were designed for amplification
of short amplicons (80–130 bp) from highly degraded
RNA, and spanned at least one splice junction.
Genomic DNA could be distinguished from mRNA or
cDNA. Appropriately sized amplicon products using
cell line controls were confirmed using molecular
weight markers. Optimum primer-annealing temper-
atures were chosen using a temperature gradient, and
amplifications were performed in a thermocycler
(Stratagene Robocycler 96 with the Hot Top Assem-
bly, La Jolla, CA), adding 1.25U Platinum Taq poly-
merase (Gibco/BRL) after heating at 94°C for 3 min-
utes (“Hot Start”), followed by 35 amplification cycles
(94°C, 45 s; primer annealing temperature as specified
in Table 3, and extension at 72°C). These were then
maintained at 4°C until analysis. The entire amplifi-
cation reaction (50 �L) was analyzed by electrophore-
sis on 8% acrylamide (Long Ranger; AT Biochem,
Malvern, PA) Tris-borate EDTA gels (PAGE), followed
by autoradiography and quantitation by phosphorim-
age analysis using ImageQuant Version 3.3 software
(Molecular Dynamics). Band integrations were
obtained as the sum of values for all pixels above
background (areas around each sample). Inte-
grated volumes were then normalized to the stan-
dard positive control (IFN-�–stimulated endothe-
lial cells). Standard-normalized integrated values
for each sample were then normalized for the
results of RT-PCR amplification for G3PDH. The
results of RT-PCR analysis are presented as the
geometric means of the absolute numbers of nor-
malized arbitrary units (pixels)/sample for each
chemokine and cytokine.

TABLE 2. Immunohistochemistry and Molecular Analysis of Tissues with LIP in Pediatric HIV Patients

Case Diagnosis L26 Leu22 CD3 Kappa Lambda IgH Chain GRa

1 LIP �� No �� Polytypic Polytypic Polyclonal (PCR)
2 ML-MALT ��� Yes � — Monotypic Monoclonal (PCR � SBH)b

LIP No Polytypic Polytypic Polyclonal (PCR)
3 LIP �/�� No ��/��� Polytypic Polytypic Polyclonal (PCR)
4 LIP �� No �� Polytypic Polytypic Polyclonal (PCR)
5 LIP �� No �� Polytypic Polytypic Polyclonal (PCR)
6 ML-MALT ��� Yes � — Monotypic Monoclonal (PCR)

a Immunoglobulin heavy chain gene rearrangement.
b Southern blot hybridization.
LIP, lymphocytic interstitial pneumonitis; ML-MALT, malignant lymphoma of mucosa-associated lymphoid tissue; �, ��, ���, relative numbers B

cells/plasma cells (L26, kappa, lambda) and T cells (CD3).
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RESULTS

Tissues involved by LIP and ML-MALT from HIV-
positive pediatric patients were analyzed by immu-
nohistochemistry, in situ hybridization for Epstein-
Barr virus, PCR for HHV-8, and immunoglobulin
heavy-chain gene rearrangement (VDJ-PCR), and
RT-PCR for chemokine/cytokine gene expression to
evaluate the nature and pathogenesis of the pulmo-
nary lymphoid infiltrates and to examine the clonal
relationship of LIP to pulmonary MALT lymphoma
in pediatric HIV-positive patients.

Histologically, the pulmonary parenchyma in-
volved by LIP showed a dense lymphoid infiltrate
composed of germinal centers with scattered
plasma cells and epithelioid histiocytes. Immuno-
histochemistry studies performed on the LIP biop-
sies showed an admixture of B (L26, CD20) and T
(CD3) lymphocytes with polyclonal cells of B-cell
lineage (Table 2, Fig. 1). The two patients with
MALT lymphoma also histologically showed a
dense lymphoid infiltrate extensively involving the
pulmonary parenchyma. The neoplastic cells sur-
rounded reactive follicles in a marginal zone or
parafollicular pattern. The neoplastic cells were
small but heterogeneous in morphology composed
of small lymphocytic, plasmacytoid, monocytoid,
and “centrocyte-like” features. The tumor cells ex-
pressed L26 (CD20) and co-expressed Leu 22
(CD43). The plasma cells showed monoclonal

lambda light-chain restriction in the two cases of
pulmonary MALT lymphoma.

PCR for HHV-8 was negative in five of five biop-
sies. In situ hybridization for Epstein-Barr virus was
performed on two biopsies diagnosed as pulmo-
nary MALT lymphoma and showed rare scattered
cells, but overall was interpreted as negative.

Immunoglobulin heavy-chain gene rearrange-
ment (VDJ-PCR) showed a polyclonal ladder in all 5
patients with LIP. In contrast, two patients with
pulmonary MALT showed a dominant monoclonal
band with a background polyclonal ladder pattern.
One of the two cases of pulmonary MALT lym-
phoma showed immunoglobulin gene rearrange-
ments of both heavy and light chains by Southern
blot analysis (14), and the associated LIP biopsy
from this patient showed a band of increased in-
tensity, similar in size to that in the concurrent
MALT lymphoma biopsy with a background poly-
clonal ladder pattern (Table 2, Fig. 2).

RNA was extracted from paraffin-embedded tis-
sues from five lung biopsies in four pediatric HIV-
positive patients and from five control, normal lung
biopsies in five HIV-negative patients and was an-
alyzed by semiquantitative RT-PCR for the expres-
sion of cytokines (TNF-�, GM-CSF, IFN-�, IL-4,
IL-6, IL-10, and IL-18) and chemokines (IP-10; Mig;
regulated upon activation, normal T expressed and
secreted [RANTES]; and MIP1-� and �) after nor-

TABLE 3. Primers and PCR Conditions

PCR Product
Genbank

Accession No.
Primer Sequence (5�; 3�)

Product
Size

Annealing
Temperature

Mig X72755 TTCCTCTTGGGCATCATCTTGCTG; 123 57
S60728 GGTCTTTCAAGGATTGTAGGTGGA

IP-10 X02530 GGAACCTCCAGTCTCAGCACC; 108 57
M17752 GCGTACGGTTCTAGAGAGAGGTAC

IFN-� V00536 GGACCCATATGTAAAAGAAGCAGA; 121 57
AO4665 TGTCACTCTCCTCTTTCCAATTCT

MIP-1� M25315 CTCTGCACCATGGCTCTCTGCAAC; 87 62
TGTGGAATCTGCCGGGAGGTGTAG

MIP-1� M25316 CTCCTCATGCTAGTAGCTGCCTTC; 90 62
GGTGTAAGAAAAGCAGCAGGCGGT

RANTES M21121 GGCACGCCTCGCTGTCATCCTCA; 130 65
CTTGATGTGGGCACGGGGCAGTG

TNF-� M10988 AGAGGGAAGAGTCCCCCAGGA; 81 59
TCAGCTTGAGGGTTTGCTACAA

GM-CSF M10663 CCTGCTGCTCTTGGGCACTGTGGC; 121 59
TCAGGTTCAGGAGACGCCGGGCCT

IL-4 M13982 AGCCTCACAGAGCAGAAGACTCTG; 99 61
CAGCCCTGCAGAAGGTTTCCTCTC

IL-10 U16720 CTTCGAGATCTCCGAGATGCCTTC; 121 53
GGATCATCTCAGACAAGGCTTGGC

IL-18 D49949 ATGGCTGCTGAACCAGTAGAAGAC; 116 61
GCCAAAGATATCTGATTCGAAG

IL-6 Y00081 AGGAGCCCAGCTATGAACTCCTTC; 114 61
TGGAATCTTCTCCTGGGGGTACTG

G3PDH M33197 GCCACATCGCTAAGACACCATGGG; 78 59
M32599 CCTGGTGACCAGGCGCCCAAT

Mig, monokine induced by interferon-�; IP-10, interferon-� inducing protein-10; IFN-�, interferon-gamma; MIP-1� and -�, macrophage inflammatory
protein 1-alpha and beta; RANTES, regulated upon activation, normal T expressed and secreted; TNF-�, tumor necrosis factor-alpha; GM-CSF,
granulocyte-macrophage stimulating factor; IL-4, interleukin-4; IL-10, interleukin-10; IL-18, interleukin-18; IL-6, interleukin-6; G3PDH, glyceraldehyde-
3-phosphate dehydrogenase.
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malization for G3PDH (Fig. 3). Consistent with the
detection of IFN-� in a murine model of AIDS-
associated LIP, IFN-� was also present in pediatric
LIP tissues. Expression of a newly discovered mol-
ecule called IFN-�–inducing factor or IGIF (now
designated IL-18) was increased, as well as that of
IFN-�–inducible CXC chemokines IP-10 and Mig in
LIP tissues, compared with controls. RANTES and
MIP1-� and -� were also increased in pediatric LIP
lesions compared with controls. In contrast, expres-
sion of TNF-�, GM-CSF, IL-10, and IL-6 was vari-
able in LIP tissues and controls, and IL-4 was not
expressed in LIP tissues and controls (Fig. 4).

DISCUSSION

In this study, we provide evidence of high-level
expression of certain chemokines and cytokines in
LIP tissues from HIV-infected pediatric patients
and suggest that chemokines and cytokines may
play an important role in the recruitment of inflam-
matory cell infiltrates into these tissues. The micro-
environment of the inflammatory cells in LIP may
activate B cells and contribute to the development
of a monoclonal B-cell population. Analogous to
Helicobacter pylori lymphocytic chronic gastritis

and gastric MALT lymphoma, or myoepithelial
sialadenitis and salivary gland MALT lymphoma
(24, 25), LIP may therefore represent an early stage
or a precursor lesion of pulmonary MALT
lymphoma.

Recently, increased cytokine expression includ-
ing IFN-�, IL-10, TGF-�, and IL-1 was described in
a murine model of AIDS-associated interstitial
pneumonitis (19, 20). We also observed IFN-�
mRNA expression in LIP tissues from pediatric HIV-
infected patients that was absent in control normal
lung tissues from non-HIV infected patients. How-
ever, in addition, we showed increased production
of IFN-�–inducible molecules such as IP-10 and
Mig that are chemoattractants for T and NK cells
(26, 27) in LIP tissues compared with control nor-
mal lung tissues. A newly discovered molecule,
called IGIF (now designated IL-18) with potent IFN-
�–inducing activity (28), was also increased in LIP
tissues compared with in normal lung controls, ex-
plaining the presence of IFN-�, IP-10, and Mig.
IL-18 is produced by activated T cells (28) and can
inhibit IL-10 production (29). In addition, chemo-
kines related to activated T-cell and macrophage
expression such as RANTES and MIP1-� and -�
mRNA levels were increased in LIP tissues com-

FIGURE 1. Immunohistochemical analysis of a representative case of lymphoid interstitial pneumonitis. Paraffin-embedded tissue sections were
stained with hematoxylin and eosin; with a B-cell marker, L26 (CD20); with a T-cell marker, CD3; and with kappa and lambda (K and L, respectively).
Primary antibodies were detected with biotinylated anti-mouse/rabbit IgG, followed by streptavidin-peroxidase complexes (magnification, 20�). Note
there is a mixture of B and T cells with many scattered polyclonal cells of B-cell lineage.
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pared with normal lung tissues. IL-2, IL-4, IL-10,
IL-6, and IL-10 have been shown to be essential for
B-cell maturation, and therefore, T cells may deter-
mine not only the type of B-cell immune response
but may also provide key molecules in B-cell lym-
phoma initiation and progression (30). IL-6 and
IL-10 were variably expressed in LIP tissues and
controls and may contribute to the activated B-cell
population; however, viral genes such as EBV and
HHV-8 did not play a role for B-cell stimulation and
growth in these lesions. TNF-�, GM-CSF, and IL-10
were variably expressed in LIP tissues and may
explain the presence of activated macrophages in
some of the LIP lesions. IL-4 mRNA was not de-
tected in LIP lesions nor in control tissues. There-
fore, we observed increased expression of certain
cytokines and chemokines involved in lymphocyte
activation and chemotaxis, possibly explaining the
lymphoid cell infiltrates seen in pediatric LIP le-
sions. Similar to the case with the murine AIDS
model, inappropriate interactions between Th1 T
cells and antigen-presenting B cells may be induc-
ing chronic IFN-� production, which causes
chronic macrophage activation and ultimate sus-
tained inflammation and tissue remodeling of the
lung in pediatric LIP patients.

The presence of activated lymphoid cells may
contribute to the evolution of a clonal B-cell pop-

ulation, indicating a clonal relationship between
pulmonary LIP and MALT lymphoma in pediatric
HIV-infected patients. By VDJ-PCR analysis, we
demonstrated that clonal expansion may develop
from a polyclonal or oligoclonal process. This was
especially evident in the patient with concurrent
LIP and pulmonary MALT lymphoma showing a
monoclonal band of the same size in both the LIP
and MALT lesion, and chemokine and cytokine mR-
NAs for Mig, IP-10, IFN-�, RANTES, MIP1-� and �,

FIGURE 2. Immunoglobulin heavy-chain gene rearrangement
polymerase chain reaction (VDJ-PCR) of representative cases of
lymphoid interstitial pneumonitis (LIP) and pulmonary mucosa-
associated lymphoid tissue (MALT) lymphoma in HIV-infected pediatric
patients. A, two representative cases of LIP showing a polyclonal
pattern (Cases 3 and 5, Tables 1 and 2); B, a representative case of
pulmonary MALT lymphoma showing a dominant monoclonal band
with a background polyclonal ladder (Case 6, Tables 1 and 2); C, the
patient with concurrent pulmonary MALT lymphoma and LIP; note that
the LIP lesion showed a band slightly increased in intensity and of the
same size as the monoclonal band amplified from the pulmonary
MALT lymphoma lesion.

FIGURE 3. Patterns of cytokine and chemokine mRNA expression
from paraffin-embedded tissues representative of lymphoid interstitial
pneumonitis and pulmonary mucosa-associated lymphoid tissue
lymphoma from HIV-positive pediatric patients, compared with a
representative case of normal lung control tissue from a non-HIV
infected patient. Total RNA was extracted and subjected to RT-PCR
analysis using appropriately designed primers and conditions after
normalization for G3PDH (Table 3).
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and TNF-� were present in both the LIP and MALT
lesion in this patient, indicating that a microenvi-
ronment of activated T cells and macrophages may
have contributed to the evolution of a monoclonal
B-cell population to evolve.

Finally, we also showed that VDJ-PCR can be
diagnostically useful in distinguishing MALT lym-
phoma from LIP. Surgical excision appears to be
adequate treatment for isolated pulmonary MALT
lymphoma in this setting. Of the six patients on
whom clinical follow-up was available, Patients 1, 2,
and 4 (Table 2) are well, off steroids, with no recur-
rence to date. Patient 6 developed a lymphoprolif-
erative process in the parotid gland, was treated
with interferon-� and retinoic acid, and is now well,
off chemotherapy with no recurrence.
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