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Abstract
Few predictive markers exist for response to adjuvant chemotherapy in breast cancer. The 78-kD
glucose-regulated protein (GRP78) is a potent anti-apoptotic factor, conferring drug resistance.
Recently, we reported that high GRP78 expression in breast cancer specimens predict a shorter
recurrence-free survival in patients who received doxorubicin-based adjuvant chemotherapy.
Interestingly, the opposite effect was observed in 25 patients who additionally received a taxane.
To confirm this potentially paradigm shifting finding, we investigated whether GRP78 is
associated with recurrence-free survival in an independent cohort of taxane-treated breast cancer
patients. Immunohistochemical staining of GRP78 was performed on archival paraffin-embedded
formalin-fixed tumor specimens obtained from 48 female breast cancer patients before
chemotherapy treatment. These patients received doxorubicin and cyclophosphamide, followed by
paclitaxel or docetaxel on a clinical trial. GRP78 expression level was evaluated by a pathologist,
masked to all clinical and outcome data. Association between GRP78 expression and recurrence-
free survival was evaluated. GRP78 positivity predicts a better recurrence-free survival,
independent of other prognostic factors [hazard ratio (HR) for moderate positivity: 0.40 (95%
confidence interval (CI): 0.087–1.83); HR for strong positivity: 0.16 (95% CI: 0.018–1.50);
Ptrend=0.053]. In a pooled analysis with the previous 25 patients, almost identical HRs were
obtained with Ptrend=0.024. This provides further evidence that GRP78 is a potential independent
predictor for response to taxane-based adjuvant chemotherapy in breast cancer.

Introduction
Approximately 182,000 women are diagnosed with breast cancer each year in the US.1 Over
90% are found at an early stage without distant metastasis.2 Adjuvant chemotherapy has
been an important treatment strategy3, and addition of a taxane to anthracyclin-containing
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regimens has significantly improved patient survival.4, 5 Currently, prognostic factors
including patient age, tumor stage, and estrogen receptor status are used to decide the need
of adjuvant chemotherapy.6 However, there are few predictive markers of benefit from
taxane-containing adjuvant chemotherapy. One candidate marker is HER2 in which
positivity was shown to predict benefit from addition of paclitaxel to doxorubicin treatment7
although these results may not be applicable given the current targeted treatment for HER2-
positive breast cancer (ie, trastuzumab).

The 78-kD glucose-regulated protein (GRP78), also known as BiP, is a multi-functional
Ca2+ binding protein primarily residing in the endoplasmic reticulum controlling
endoplasmic reticulum homeostasis, stress signaling and protein quality control.8 In vitro
studies established that GRP78 possesses potent anti-apoptotic properties and confers drug
resistance to tumor cells as well as tumor associated endothelial cells.9–12 GRP78
suppresses doxorubicin-mediated apoptosis in part through inhibition of BAX and caspase-7
activation.13, 14 A retrospective analysis of 127 breast cancer patients who received adjuvant
doxorubicin-based chemotherapy directly links GRP78 positivity to a shorter recurrence-free
survival independent of other prognostic factors.15 Interestingly, an unplanned subset
analysis revealed that this association was reversed among patients who also received
adjuvant taxane (n=25) such that GRP78 positivity appeared to be associated with a better
outcome (HR=0.15; P=0.072; p for interaction=0.012). As taxanes are now widely
prescribed as adjuvant chemotherapy,16 investigation of the predictive value of GRP78 in
sequential doxorubicin and taxane regimens is of great importance.

Here we report the results of a follow-up retrospective study, designed to examine the
predictive value of one specific marker, GRP78, in response to adjuvant doxorubicin
followed by taxanes.

Material and methods
Participants

This study includes female patients with breast cancer who had archived prior to treatment
formalin-fixed paraffin-embedded tumor specimen in LAC+USC Medical Center and who
received doxorubicin, cyclophosphamide, followed by either paclitaxel or docetaxel between
2000 and 2002 on a clinical trial. Among the 60 patients enrolled in the trial, 48 had invasive
tumor samples that were suitable for GRP78 analysis; 46 specimens were primary breast
tumor specimens; 2 specimens were from lymph node metastasis (their primary tumors were
not available). This study was approved by USC institutional review board (IRB). A waiver
of informed consent was justified and granted by the IRB consistent with the waiver criteria
of the common rule.

Immunohistochemical staining of GRP78
Paraffin embedded formalin fixed tissues were immunohistochemically stained for GRP78
using anti-GRP78 antibody (H129, Santa Cruz Biotechnology, Santa Cruz, CA) as
previously described.15, 17 Briefly, five micron sections prepared from formalin-fixed,
paraffin embedded tissues were mounted on poly L-lysine-coated slides. The slides were
deparaffinized in xylene, washed in 100% ethanol and rehydrated in 95% ethanol. After pre-
incubation in 3% hydrogen peroxide in absolute methanol, antigen retrieval was performed
using citrate buffer (pH 6). After protein blocking with normal horse serum, incubation with
1:100 dilution of the primary antibody, anti-GRP78 H129 antibody (Santa Cruz Biotech,
Santa Cruz, CA), in phosphate-buffered saline was performed. The GRP78 (H129) antibody
is a rabbit polyclonal antibody raised against amino acids 525 to 653 of human GRP78, and
only recognizes a single protein band GRP78 in human cell lysates. Biotinylated horse anti-
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rabbit antibody was used as a secondary antibody at a 1:200 dilution. The slides were then
incubated with avidin-biotin-conjugate (ABC, Vector Laboratories, Inc., Burlingame, CA),
which was followed by incubation with 0.03% diaminobenzidine. Counterstaining was
performed with hematoxylin.

Evaluation of GRP78 staining
It is known that plasma cells express high levels of GRP78, which facilitates
immunoglobulin chain assembly.18 Plasma cells were present on all GRP78-stained slides
and, as expected, showed intense immunoreactivity with the anti-GRP78 antibody.
Therefore, plasma cells were used as internal positive controls. We also included additional
controls across immunohistochemistry staining batches: two breast cancer samples (one
positive; and one negative for GRP78) from the previous study.15 These additional controls
were used to decide whether to accept an entire batch. One pathologist (P.N.) who was
masked to all clinical data, reviewed all the immunohistochemically stained slides, and
evaluated: (1) intensity of staining (1 = weak; 2 = moderate; 3 = strong) and (2) percentage
of cells stained (1 = 0–<10%; 2 = 10–<50%; 3 = 50–100%) as previously described.18 The
overall index of GRP78 expression was determined based on the previous two variables:
positive when both scores were 2 or above; negative otherwise. The positive group was
further divided into moderate positive (when both scores were 2) or strong positive (when
either score was 3). The evaluation of the GRP78 level by the same pathologist (PN) in a
previous study indicated substantial agreement, with the kappa coefficient for reader
reproducibility of 0.73 [95% confidence interval (95% CI): (0.50, 0.98)].15 Therefore, no
additional evaluation of the reader reproducibility was performed in the current study.

Statistical analyses
Time to recurrence (TTR), calculated as start of chemotherapy until the date of documented
recurrence, was used as the outcome, censoring patients who had not experienced a
recurrence at the date of last follow-up (death or last contact) up to February 28, 2008. The
association between TTR and GRP78 immunostaining was evaluated using Kaplan-Meier
plots and the Cox Proportional hazards model.19 All p-values reported are two-sided and are
based on the likelihood ratio test associated with the Cox model. Multivariable analyses
included covariates selected a priori, based on associations observed in the initial study:
tumor size, lymph node status, and grade.15

Results
The mean age of the participants was 49.5 (SD 9.2). The median follow-up time was 5.5
years. Seventy-one percent were of Hispanic origin. Distribution of clinical and prognostic
factors of the patient population is listed in Table 1. Many variables in Table 1, such as age,
tumor size, lymph node status, and tumor grade, histology, ER/PR, HER2 status, are known
prognostic factors, although these associations did not reach statistical significance in this
study due to the limited sample size. Twenty-nine of 48 (60.4%) patients showed GRP78
positivity. This was based on immunohistochemical staining of paraffin embedded formalin
fixed tissue, obtained prior to the start of chemotherapy. Examples of negative and positive
staining are shown in Figure 1. As expected for a protein residing in endoplasmic reticulum,
GRP78 staining was primarily in the perinuclear/cytoplasmic region. Plasma cells, which
expressed high level of GRP78, were present on all slides. GRP78 was intensely stained in
these cells, which served as internal positive control for staining evaluation. GRP78
positivity was not associated with other clinical or prognostic factors, such as age, ethnicity
(Hispanic origin), tumor size, lymph node positivity, grade, and ER/PR or Her2/neu status
(Table 1).
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Consistent with our findings from a subgroup analysis in the initial study,15 here we
observed that GRP78 positivity was associated with longer TTR, a surrogate marker for
response to treatment regimen (Figure 2 and Table 2). This association did not change after
adjusting for prognostic factors selected a priori including tumor size, number of positive
lymph nodes, and grade (multivariable hazard ratio (HR): 0.29; 95% confidence interval
(CI): 0.072–1.17; p=0.077; Table 2). While the association has not reached statistical
significance in this study, our current results directly confirm the previous study; patients
treated with doxorubicin followed by taxane whose tumor stained positively for GRP78
have a better outcome than patients treated similarly but with negative staining (HR=0.24;
95% CI: 0.020–3.00; P=0.24).15 When GRP78 positivity was further categorized into
moderate positivity and strong positivity, the HR for moderate positivity of GRP78 was 0.40
(95% CI: 0.087–1.83), and the HR for strong positivity of GRP78 was 0.16 (95% CI: 0.018–
1.50; Ptrend=0.053).

When we pooled the current data with the previous series of 25 patients who received
adjuvant doxorubicin-based chemotherapy combined with or followed by taxanes, the
multivariable HR for moderate positivity of GRP78 was 0.42 (95% CI: 0.12–1.50), and the
HR for strong positivity of GRP78 was 0.13 (95% CI: 0.015–1.16; P for trend=0.024; Table
3).

Discussion
The discovery of predictor markers for adjuvant breast cancer chemotherapy remains critical
towards improving the efficacy of breast cancer treatment. This study reveals a potentially
paradigm shifting finding that GRP78, a well established drug resistance effector in human
cancer,8–11, 20 may serve as a novel positive predictor for breast cancer sensitivity to
doxorubicin/taxane-based adjuvant chemotherapy. By using an independent cohort of
patients of primarily Hispanic origin, this study directly replicates the results of the initial
novel observation first reported in a pilot study in 2006 among primarily non-Hispanic white
population.15 Pooled analysis of the two studies yielded nearly identical hazard ratios with a
statistically significant Ptrend (0.024), which is strongly supportive of the validity of our
discovery that GRP78 could be a true positive predictor for response to doxorubicin/taxane-
based adjuvant chemotherapy. This study was specifically designed to evaluate one potential
predictive marker, and therefore, avoids complication arising from studies involving a large
number of candidate markers where chance associations can potentially pose a problem.
Furthermore, we directly proved here that GRP78 expression level was independent of other
established clinical or prognostic factors. Since GRP78 is readily detectable by
immunohistochemical staining in biopsy samples and highly specific antibodies to GRP78
are already commercially available, GRP78 could be developed expeditiously as a novel
biomarker for prediction of response to adjuvant chemotherapy with doxorubicin followed
by taxane in the clinic.

The new results reported here, coupled with our earlier finding that GRP78 positivity is
associated with shorter recurrence-free survival following doxorubicin-based treatment
alone,15 implies that GRP78 status may serve as an independent predictor for responsiveness
for specific adjuvant chemotherapy drugs for breast cancer patients. Consistent with the
results reported here, in our in vitro studies of human breast cancer MCF-7 cells we have
observed the same trends, such that cells with enforced overexpression of GRP78 showed
higher resistance to doxorubicin treatment alone, but greater sensitivity to sequential
doxorubicin and taxane treatment (our unpublished results). While the mechanism whereby
GRP78 modulates the sensitivity of cancer cells to adjuvant chemotherapy awaits further
investigations, our results warrant confirmation in larger cohort studies as the need for
improving adjuvant therapy for breast cancer patients remains critical.
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Figure 1.
Photomicrographs of immunohistochemical staining of GRP78 (400X). A, Negative staining
for GRP78 in neoplastic cells of an infiltrating ductal carcinoma; plasma cells stain intensely
(arrows). B, Intense staining (3+) for GRP78 in neoplastic cells of an infiltrating ductal
carcinoma.
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Figure 2.
Probability of remaining recurrence-free according to GRP78 immunostaining in 48 patients
who received adjuvant doxorubicin and cyclophosphamide, followed by either paclitaxel or
docetaxel.
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